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Abstract. In this paper, we present a new scheme to design an adaptive controller for the electrical
transmission drives with elastic and unknown backlash nonlinearity. The controller is designed base
on using backstepping technique. The controller is achieved on real model, the results can conclude
about the truth of the designed control algorithm. The controller drives the system in a calmer
operation. Especially, it always keeps the system in global asymptote stability.

Tém tat. Bai bdo gidi thitu mot phuong phap méi dé thiét ké bo diéu khién thich nghi cho hé
théng truyén dong dién c6 tinh dén dan hodi va khe héd phi tuyén. Bo diéu khién duoc thiét ké dua
trén viéc st dung k¥ thuat backstepping. Bo diéu khién dwoc thue hién trén mé hinh thi nghiém,
két qud chitng t6 tinh ding din cia thuat todn diéu khién da thiét ké. Bo diéu khién ddm bdo cho

hé théng hoat dong ém diu, dic biét 13 gitt cho hé théng 6n dinh tiém can toan cuc.

1. PAT VAN BE

Hé thong truyén dong dién trong céac trang thiét bi quan s ¢6 phan tir chap hanh 1a céc
déi twong cé quan tinh 16n nhw bé phéo, thdp phéo xe tang, an ten ra da, tén Itta. Dé quay
dwoc cac tadi khoi lwong 16n nay, cdc hé thong truyeén dong dién thuwong ding dong co dién
mot chiéu, cong suat 1ém, quay véi téc do cao, qua bod gidm téc dé dam bao dud lwe quay can
thiét. Khe hd va dan hoi luon ton tai trong céc hé thong nay va la mot trong nhitng yéu to
anh hwdng 16n dén chat lwong lam viéc cia thiét bi. Do vay, hiéu tng cia dan hoi va khe hé
can dwroc quan tam xem xét trong khi thiét ké va phan tich hé théng diéu khién.

Nghién cttu vé hé thong truyén dong dién c¢é tinh dén cac yéu t6 nhw bién dang dan hoi,
khe hé 1a mot dé tai hap dan nham nang cao chat lrong cia hé thong. Nghién citu dic tinh
va hiéu tng cia dan hoi va khe hé trong hé thong truyen dong dién cé thé thay trong [2,4].
Nghién citu diéu khién thich nghi cho hé théng c¢é tinh dén dan hoi va khe hé phi tuyén dwoc
trinh bay trong [4, 8, 10].

biéu khién tuyén tinh hod chinh xdc cho hé hai khéi hrong cé khe hé dwoc gidi thiéu
trong [3], dén khi bo dieu khién du doan truée (GPC) cling véi bo nhan dang dwa trén mo
hinh mo& Takagi-Sugeno dwoc str dung trong [5], bo diéu khién hiéu chinh tham s6 theo mo
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hinh chuan ciing v&i b quan sit dwa ra & [8], bo diéu khién PI cling v&i bd quan sat mé men
xoan trinh bay trong [6,7]. Mot phwong phap tuyén tinh hod khe hé, sau dé tong hop bo
diéu khién t6i wu cho hé hai khéi lwong dwgce dwa ra trong [9]. Mot loat cdc nghién ciru vé
khe h& dwoc trinh bay trong [11], trong d6 khe hd ton tai trong moi phwong trinh mo ta he
hodc tai dau vao cia hé nhung chi 4p dung duwoc ky thuat backstepping trong truwdmg hop 1y
twdng khi mo ta cia hé & dang chuan, khong ap dung dwoc trong hé théng truyen dong dién
hai khdi lwong.

Bai bdo nghién cttu déi twong 1a hé thong truyen dong dién ¢6 tinh dén dan hoi va khe
hé phi tuyén. M6 ta khe hé ¢é mit trong hai phwong trinh vi phan cda hé thong. Mot mo
hinh méi 1am tron khe hd dwoc chon va bo dieu khien dwoc xay dung dwa trén thiét ké
backstepping dé qui. Trong viéc xdp xi khe hé, mot ham hién thi méi dwoc thiét ké, né lien
tuc va kha vi, trong khi & [2] ham mé ta khe hé 1a khong tron va khong thé sir dung trong
thiét ké backstepping.

Trong bai bdo, khe hd duwroc dwa vao trong thiét ké bo dieu khién, thay vi chi xem xét
hiéu tmg cia né nhu trong [2] hodc lam mat di tinh phi tuyén “t6t” cia né nhu trong [9].
Mot luat dieu khién thich nghi cho toan bo hé thong truyén dong dién dwoc téng hop, cling
véi ham hiéu chinh tham s6 khe hd dam béo hé thong 6n dinh tiém can toan cuc (GAS).

2. MO HINH BAI TOAN
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Hinh 1. So @6 hé thong truyén dong dién phi tuyén cé diéu khién PID

d)g = J51<Ts - Tf), My = C(w1 —wg)
@ = J (M, = T)

kgug ke 1
My = kLo g = kgug; I, = ~2-9 — Tl 1)

R, R,

g1 = W1, g2 = wa

trong dé, M, = C(q1 — q2) 1& moémen dan hoi, khi lién két dan hoi khong ¢ khe hd [Nml; T
- mo6 men dan hoi [Nm], khi tinh dén khe h& 2§ [rad] trong lién két dan hoi va la ham phi
tuyén (khong kha vi), c6 dang
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M, — 8, M, > C6
M, + 8, M, < —Cé

q1, g2 [rad] - géc quay truc cia dong co va tai; w1 = ¢1, we = ¢2 [rad/s| - twong tng toc do
géc cia dia thit nhat va thit hai; Ji, Jo [kg m?] - mémen quén tinh cia dong co va tii co khi
duwoc tinh theo su dan dong ctia né téi truc quay cia dong co; C' [Nm/rad] - hé s6 dan hoi;
ke [v.sec/rad], k,, [Nm/A] - cédc hang s6 cia mach phan ting dong co dién mot chieu; M,,
[Nm| 1& m6 men dién tir cia dong co, R, [2] trd khing clia mach phan tng dong co dién
mot chiéu, K, K, 1a hé s6 phan hoi cAm bién theo vi trf va téc do; k, 1& heé s khuéch dai
cuia khau khuéch dai cong suat; u, [V], u, [V] 1a dién 4p dau ra cia vong diéu chinh vi trf va
toc do; ug [V], I, [A] la dién dp va dong phan tng cia dong co mot chiéu; ¢,qf [rad] la géc
dat trude; ug = u, - tdc dong theo chwong trinh da biét (doi véi vong tée do, dé chinh 1a tin
hiéu dau ra cia bo diéu chinh vi tri); My [Nm| - momen can dang ma sét kho, ¢6 dang

Mys = Mpsosign(ws) (3)
M50 - A6 16m cia m6 men ma sat trén tai; sign(.) - ham dau cia (.).
bit xo = q1 — q2. Viét lai (2) ta cé:
Clxg —0), 23>0
Ts =40, |z < 6 (4)
Cleg+9), w2 <=0

Ta cé thé xap xi khe hé (4) bang ham tron nhu sau

Ts = Clay — dtanh(axs)). (5)

Trong (5), a 1a céc s6 dwong dwoc lwa chon khi thiét ké. Trén hinh 2, khe hé (4) va xap
xi tron (5) dwoc mo6 phéng, trong dé chon a = 1, 25.

1 Khe'ho

Ts(x2)
e

-1 Xap Xi (tron)

Hinh 2. Mo phéng khe hé (4) va xap xi tron (5)
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bat 1 = wo; a9 = 1 — go; 3 = Wi — wa, gld st bd qua anh hudng cla mod men ma sat
(3), c6 thé viét lai (1) nhw sau:

& = %[9@2 — dtanh(azs)]
.%"2 — &3
. c C kokn ke ke (6)
X3 = —(J—1 + J—2)[x2 — dtanh(azs)] — . (21 +23) + JlRZug
Yy =21
keko, kmk e g ,
bit: a1 = 72;0,2: — %+% taz = JlRa;a4: JlRZ;éze , viét lai (6) ta cé
1 = a1|xy — dtanh(axs)]
.%"2 — &3 <7>
&3 = aslxs — dtanh(aws)] — ag(x1 + @3) + asug
Yy—=x1

trong dé, ay, as, as, as 13 cic s6 da biét (cé the do dwgc); 0 - do rong khe hé, I tham s6 chua
biét.

3. THIET KE BO DIEU KHIEN BACKSTEPPING THICH NGHI

Véi mo td hée thong & dang (7), van dung 1y thuyét dieu khién backstepping thich nghi
chi ra & [1] dé thiét ké dieu khién backstepping thich nghi theo cic budc nhuw sau.
Buéc 1

Muc dich ctia diéu khién la tin hiéu van toc ra trén tai la y = 21 —w» bam theo van toc
dat chuan y. Do anh hudng cia bién dang dan hoi va khe hd ton tai sai s6 gitra chiing, goi
sal s0 nay 13 sai s6 hiéu chinh z; va dwoc tinh nhw sau

Do van téc dat chuan gy 1a gid tri khong doi nén g = 0, ta cé

2 = &1 = a1]zy — dtanh(axs)).

Do 6 14 tham s6 khong do dwgce (khong biét 16), ta goi gid tri ddnh gid twong ing cia néd
14 0, sai s6 ddnh gid twong tng la
£=0—0 hay 0 =0+¢.
1 1 P s
Ta chon ham Lyapunov cho z1 la V; = 2—2% + 2—52 , trong d6 ~ la @6 khuéch dai thich
ay Y
nghi.
Lay dao ham cia Vi nhan dwoc nhuw sau:

. 1 1 .
Vi=—z14 +-&&
a v

1 1 .
= —z1a1[wy — Otanh(axs)] + —&1&
a v

— rfws — (€ + O)tanh(awy)] + %5(—0*)
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= z1|@y — Otanh(axs)| — z Etanh(axy) + %5(—@)

A

= z1[(xg — ) + oy — Btanh(axs)] — €|z tanh(axs) + %(—9)]

— z1[(22 + 1) — Otanh(ax2)] — €|z tanh(axs) + %(é)]

Ta chon luat dieu khién 4o oy la
oy = —c1z1 + Otanh(axs), (8)
véi eq 13 do khuéch dai phan héi, ¢ > 0.
Budc 2

Vo=V + %z% hay Vo = Vi + 2949 — —c122 + z9(21 + 22) — &z tanh(axs) + %/é]
Ta tinh (21 + 22):

(21 + 22) = 21 + g — §g — A (@1, ya, 0, w0) = 21 + @3 — &y (@1, ya, 0, x2). (9)

Tir (8), c6 the viét

o] = —c1z] + étanh(axg) = —ci121 +c1yg + étanh(axg). (10)
Tinh cdc dao ham riéng cia ag theo (10) nhw sau
Oor o
e, (1) o, (12)
P _ tanh(axs), 13 PN 461 — tanh : 14
1 tann(ars) (13 0% il —tan® (e (1)

Thé (11) — (14) vao (9) ta co:

21+ 42 =21 + (23 — az) + ag + 1 — tanh(axs) — adll — tanh?(axs)]

— 21 + 23+ ag + ¢ — tanh(axy) — ad|l — tanh®(axs)] (17)
Va chon:
ag = —caz9 — {z1 + ¢1 — tanh(aws) — aé[l — tanh*(ax2)]}, (15)
Vo= Vi + 2080 = —c1 25 + o253 + 2323 — E|z1tanh(axs) + ;é]
Buéc 3 1,
‘/3 - V2 + 52’3
hay
Vi = Vs + 2323
12
— —c12% + 25+ z3(z + 23) — &z tanh(axs) + —0). (16)

Y

Ta tinh (22 + %3):
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zo + 3 = 29 + @3 — do(21, e, 0, 22)

= 23 + aglay — Olanh(axs)] — as(@y + @3) + agu — da(@r, ya, 0, x2). (17)

Qg = —Co%o + C1Coz1 — CQétanh(axg) —{z1 + 1 — tanh(azs) — aé[l — tanh®(axs)]}

véi am 1a luat dieu khién 4o; ¢z 14 do khuéch dai phan hoi, ¢o > 0.

gy = —cowo +cica(wy —yg) — CQétanh(agcg) —{@1 +yqg+c1 —tanh(azsy) — a1l — tanh?(ax)}.

18

Tinh cdc dao ham riéng cia ag theo (18) nhu sau o
% =ciep — 1, (19) % =0, (20)

% — —cy—cpab|l —tanh®(aws)] +a|l —tanh*(axs)] — 2a*0tanh(axs) (1 —tanh*(azs)]. (21)
880;2 = —cotanh(azs) + a[l — tanh*(azz)). (22)

Thé (19) — (22) vao (17) ta cé:

723+ 25 =2 + aglws — (€ + O)tanh(axs)] — as(wy + ws) + agug — Qo(®1, yd, 0, x2)
=29 + agxy — agétanh(axg) — as&tanh(axz) — as(x1 + x3) + asug—
cieo+ 1+ co+ 02(1,@[1 — tanh®(axy)| — a[l — tanh?(axy)|+

2a%0tanh(axs)[1 — tanh?(axs)] + cotanh(axs) — a[l — tanh?(aws)). (23)
Chon
asug = — c3z3 — {22 + agws — aétanh(amg) —as(x1 +a3) Ferea+ 1+ cot
coaf|l — tanh*(axs)] — all — tanh®(axs)] — 2a0tanh(axs)[1 — tanh?(axs)|+
cotanh(axs) — a[l — tanh*(axs)]}
1 .
Ug :a—4{—0323 — 29 — agws + abtanh(azs) + az(x1 + 23) + c1eo — 1 — co—
coaf|l — tanh®(axs)| + all — tanh?*(axs)] + 2a20tanh(axs)[1 — tanh?(axs)|—
cotanh(axs) + a[l — tanh®(ax2)]}, (24)

véi ez 1a do khuéch dai phan hoi, ¢ > 0.
Thay (24) vao (23), sau dé thé vao (16), ta cé:
. 12
Va = —c122 — coz5 + 23] —cazs — apltanh(axs)]) — &z tanh(axs) + —0). (25)

Va = —c12% — co28 — cazi — E|zaagtanh(axy) + z tanh(axs) + —6).
v

6— —vyzsaztanh(axs) — vzitanh(axs). (26)
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Vg: —clz%—@z%—c?,zg <0 khi ¢ >0, 2 >0, ¢ >0.
Tém lai, khi ¢; > 0, ca >0, cg > 0, véi luat dieu khién (24), luat thich nghi (26), he (1)
on dinh tiém can toan cuc.

4. THU'C HIEN LUAT PIEU KHIEN BACKSTEPPING THICH NGHI
TREN NEN CONG NGHE SO

Luat dieu khién (24) va luat thich nghi (26) dwoc thuc hién trén mo hinh thi nghiém.
Hinh 3 13 hinh 4nh mé hinh thi nghiém. Hinh 4 14 so d6 khéi mé hinh thi nghiém, bao gom
may tinh nhing (Motherboard PMISM, Celeron M 1GHz Socket 479; RAM 512MB, HDD
4GB), phan mém MATLAB/ Simulink 6.5, Card chuyén dung ADVANTECH PCI 1711 (16
kénh vao ADC 12 bit, tan s6 mau 100 KHz; 16 kénh vao s6, 16 kénh ra s6, 2 kénh dau ra
DAC) c6 kha nang lién két véi Matlab. Pé diéu khieén dong co dién va thu nhan tin hiéu, céc
mach phu tro nhu mach dieu ché do rong xung PWM, mach khuéch dai cong suat, mach xi
Iy va bién déi dé do téc d6 dong co, mach do va bién ddi dong phan trng dwoc thiét ké kem
theo. Hinh 5 la so d6 mo6 phéng - thi nghiém trén Matlab-Simulink. Hinh 6 13 so do bo diéu
khién backstepping thich nghi.

Cé4c tham s6 thi nghiém chinh nhw sau

J1 = 0,05 [khm?]; J2 = 0,1 [khm?]; C = 25 [Nm/rad]; R, = 2[Q; ke = 1 [v.sec/rad];
vy=1 ky, = 12; K4 = 0,5; K, = 0,55; ¢rey = 10 [rad|; k,, = 1 [Nm/A]; ¢ = 50 la ty s6
truyen; cdc d6 khuéch dai phan hdi: ¢; = 6.107%; ¢y = 25; ¢35 = 14.

.....................

Hinh 3. Hinh 4nh mo6 hinh thi nghiém
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Trén co s& so d6 nhu hinh 1, thye hién dieu khién thich nghi backstepping va quan sét
theo téc do do w; cla truyén dong dién trong khuén khé mach vong toc do, bai toan diéu
khién (va quan sit) doi twong truyén dong dién cé tinh dén dan hoi va khe hé da trinh bay
sé don gidn hon, béi vi khi d6 bac cia phwong trinh vi phan cida déi twong dwoc nghién ciru
gidm di 1 bac. Sau khi xay dung céc diéu kién gidi quyét bai todn ché dp dao dong dan hoi
va anh hwdng ciia khe hé trong vong téc do, ta xay dung hé kin theo vong vi tri, cing véi
tinh toan hiéu chinh vong diéu khién vi trf twong tng trueong hop hé cing.

1- Pong co 1 chiéu, 2- Cam bién do téc do géc wy, 3- Bo diéu ché do rong xung (PWM) va
b6 khuéch dai cong suat, 4- Lo so dan hoi lién két gitra hai vat nang, 5 Vat nang thit nhat,
6- Vat nang thit hai, 7- Cdm bién vi tri, 8- Card PCI 1711 Advantech, 9- M4y tinh nhiing,
10- Phan mém diéu khién trén Matlab-Simulink.

MAY TINH
MATLAB/ Card
SIMULINK PCII7IL
Jone o] ot | S]]
| | [ dai CS
Tao goc dat va
Thuc hién — 1 oo ]
At todh ADC 4 Po
thuat toan dong
diéu khién
trong thoi gian w
thuc DDC !
[
— b [Povi |
ADC Bovi

Hinh J. So d6 cau tric ciia moé hinh thi nghiém

Switch

A

CARD ADVANTECH

> ’Qﬁ/}»ﬂ—' s —’ﬁ,b BCI 1711
O
z $—> du/dt T
— simout1
L =
r{>—> q Card thu thap xu ly du lieu W‘
0.2s+1 —a
%
ADAPTIVE
Khoa K o IDENTIFICATOR BACKSTEPPING .
|
Bo dieu khien
Bo quan sat backstepping thich nghi

Hinh 5. So A6 mo phdng trén Matlab-Simulink
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(Khéa K trén hinh 5 la dé chuyén ché do dieu khién PID hoac dieu khién backstepping
thich nghi)

Hinh 6. So do bo diéu khién backstepping thich nghi

Két qua thir nghiém:

300 T

200

100

of —

1 v I
-100 - HHH- R11A 1R - | B— SR 1 E— — i R—
-200 V v
> PID< >Thich nghi<

-300

0 10 20 30 40 50 60 70 8 90 100

Hinh 7. Van toc dau ra trén tai

Trén cdc hinh 7 va hinh 8, so sdnh céc tin hiéu van téc cla dong co va géc bam cia tai &
50 s dau st dung diéu khien PID va & 50 s sau st dung diéu khién backstepping thich nghi
cho thay khi diing dieu khién backsatepping thich nghi van téc quay déu, géc quay cia tai
bam sat géc dit; khi diing dieu khién PID truyén thong, tinh on dinh cia hé théng gidm di,
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van toc quay khong déu, géc quay cia tai khong bam dwoc theo géc dit.

0.5
0
05
| R L O L
I J v {\/‘“
15 >PID < Thich nghji<
0 10 20 30 40 50 60 70 80 %0 100

Hinh 8. Tin hiéu géc bam va géc dat

5. KET LUAN

Hé thong truyen dong dién c¢é tinh dén dan hoi va khe hé la hé thong phi tuyén phite
tap, ton tai pho bién trong céc thiét bi quan su va cong nghiép. Bang ky thuat backstepping
thich nghi, ching ta da tong hop dwoc bo dieu khién ddm bao hé 6n dinh tiém can toan cuc.
Dai véi céc trang thiét bi quan su, do dic diém hoat dong trong méi trwong khic nghiét, su
on dinh cta hé thong la rat can thiét nham dam bao khong bi anh hwdng cia nhiéu tac dong
tlr nén ngoai. Huéng nghién ciru tiép theo clia nhém téc gid 1a nghién citu téng hop bo dieu
khién backstepping thich nghi cho hé théng truyén dong dién c¢é tinh dén anh hwdng cia khe
hé, dan hoi va ma sat kho phi tuyén.
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