Nghién ciru khoa hoc cong nghé
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Tom tat Trong cdc h¢ thong truyen dong dién cong nghiép, thuong gap cdc doi
twong can gidi quyét bdi todn diéu khién vi tri géc, dich chuyén doi twong tir vi tri
nay sang vi tri khac mot cach tiém can khong c6 do qua chinh va bao dam tinh tac
déng nhanh cye dai. Pdy la bai todn t6i wu da muc tiéu c6 nhiéu céach giai quyét
khac nhau. Bai bao nay trinh bay mgt phwong phdp xdy dung bo diéu khién vi tri
déng co xoay chiéu véi cdu tric blen doi sir dung card dSPACE 1104. Pé gidi quyét
bai todn ndy, viéc sir dung phan mém mé phong, ldp trinh thwc nghiém véi may vi
tinh, thu thdp dir lieu va diéu khién la cdc cong cu tro giup dac luc va ¢é hiéu qud.

Tir khéa: Didu khién vi tri dong co xoay chidu ddng bo; Didu khién vi tri; Ciu trac bién ddi.
1. DAT VAN PE

Nhirng nim gan day, dong co xoay chidu (PCXC) ddng bo ngay cang duoc ng dung
rong réi trong cac hé thdng truyen dong dién cong nghiép, nham thay thé cac dong co mot
chiéu chtra nhiéu nhuge diém. PCXC duge ché tao thanh ciac module chira sin v&i nhiéu
ché d¢ diéu khién khac nhau: ché do toc do 1am viéc nhanh, ché d¢ lam viéc cham,... Dé
mg dung cac dong co xoay chiéu vao cac hé thong truyén dong didu khién vi tri, dic biét
1a cac hé thong diéu khién doi hoi cém c6 chit luong cao nhu cac hé truyén dong dién bam
trong cong nghiép, thi con nhiéu van dé phai giai quyet [2, 3, 4]. Trén co s& ciu trac didu
khién tya véc to tir théng 16 to (FOC), ta nhan thay Mach vong diéu khién mo men théng
qua bo diéu khién dong stator; Mach vong diéu khién tdc d6 lai c6 uvu diém la phan ly
duoc qua trinh diéu khién tir thong va qua trinh sinh ra mdé men cua dong co, [3, 5]. Uu
diém co ban ctia phuong phap diéu khién tya véc to tir thong 16 to ciia dong co xoay chiéu
1a kha nang diéu khién tach biét dong kich thich va dong tao mé men giong dong co mot
chiéu. Vi thé, n6 mang lai cho dong co xoay chiéu cac tinh ning diéu khién tot. Vi vay,
phuong phéap nay nhan dugc sy quan tm nhiéu tir trudc dén nay.

Hon nita, ngay nay, k¥ thuat diéu khién sé c6 nhiéu wu diém vuot tréi so v6i ki thuat
diéu khién tuong tu, do d6, ky thuat diéu khién s6 sir dung ngay cang phd bién trong cong
nghiép va dan dung, cac nghién ciru hién nay déu st dung hoic c6 lién quan dén ky thuat
diéu khién s6. Muc tiéu dam bao chit lugng 1a sy thoa man nhu cau thi truong véi chi phi
thép nhat, (g dung nhimg ky thuat cao chinh xdc cua cac mdy cong nghiép nhu: may cét
got kim loai, r6 b6t cong nghiép,... dé lam ting ning suat lao dong, giam gia thanh san
pham. Vi vay, viéc nghlen ctru va tmg dung card xu 1y tin hiéu s6 da nang noi chung va
card dSPACE 1104 néi riéng muc dich dé kiém chung viéc tinh toan xay dung bo diéu
khién (BPK) vi tri, cho phép thuc hién cac thuat toan trong diéu khién chuyén dong dudi
dang ma thoi gian thuc, [1, 5]. Cac qua trinh thyc nghiém voi thoi gian thyc la van dé méi
can thiét va co nhiéu y nghia trong cong nghiép va dan dung, [1, 7, 8]. Trong [12] da di
nghién ctru vé hé thdng diéu khién c¢é cdu triic bién d6i s dung thuét toan diéu khlen
trugt, sir dung dSPACE 1104, nhung chua didu khién vi tri ma voi dimg & diéu khién toc
d6 PCXC cong suit nho 1,1kW. Tiép theo, tai liéu [11] nghién ctru vé mot hé théng didu
khién c6 céu tric bién déi thiét ké BPK trugt véi mo hinh thuc nghiém chi ¢c6 BPCXC cong
sudt nho dudi 1kW kéo theo cac 6 truc cé tai cong suat nho. Hon nita, mot s6 cong trinh
nghién ciru khac nhu [10] va ¢ trong nudc chi dimg lai & két qua mo phong ma chua thé
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hién dugc thyc nghiém vdi bo diéu khién vi tri, hodc chi thuc nghiém BDK vi tri dong co
mot chidu cong sudt nho (dong co xoay chiéu cong suat nhé hon 1kW).

Nhém tao ra céc cau tric thich hop béo dam t0i wu cho hé théng, bai bao nay trinh bay
phuong phép xay dung hé thong diéu khién truyén dong vdi cau truc bién ddi cho bo diéu
khién vi tri sir dung dong co xoay chiéu dong bo, dé nang cao chat luong diéu khién nhu:
ky thuat diéu khién r6 bét, diéu khién chinh xac may cit got kim loai CNC, diéu khién qua
trinh, diéu khién cc co ciu chap hanh bing dién khi nén va thiy luc,... nhim tiét kiém
ning luong cho hé thong diéu khién truyén dong dién, [2, 4, 5, 7, 9].

2. TONG HQP BQ PIEU KHIEN VI TRi VOI CAU TRUC BIEN POI

Ché d6 lam viéc sai léch g6c gitta lugng vao va lugng ra la rat 16n, nén qua trinh hoat
dong cia hé thong thuong trai qua hai giai doan: Giai doan vugt chuyén dong voi toc do
16n d€ bao dam tinh tac dong nhanh va giai doan bam. H¢ thong can phai vao dong bd ém
va chinh xéac. D€ bao dam chat lugng cao cho qua trinh di€u khién, h¢ thong can dugc thiet
ke sao cho moi giai doan cé cau trac thich hgp véi dac trung dong hoc 1a tot nhat. Nhu
vy, hé thong s& co cau tric bién doi [3, 5, 9]. O day can giai quyét hai bai toan:

- Bai toan téng hop cau triic tdi wu twong tng cho mdi giai doan;

- Bai toan lwa chon thoi diém chuyén doi ciu tric.

Phuong phap giai hai bai toan nay cho hé thong truyén dong bam véi dong co xoay
chiéu, so d6 khdi cta hé théng truyén dong bam vi tri sir dung dong co xoay chiéu vé6i ciu
trac diéu khién nhu trén hinh 1.
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Hinh 1. So do hé thong truyén dong bam vi tri véi cau triic bién doi.

Hé thong ¢ trong hinh 1 gdm vong diéu khién vi tri v6i ciu trac bién doi va vong tdc
do. Vong toc do dugc thiét ké theo tiéu chuén t6i vu mo dun hoc tbi uu déi xung, dé dam
bao toc do ctia dong co luén bam sat tée do dat khi co tinh dén cac yéu té phi tuyén bat
dinh cta mé hinh nhu sy thay dbi cac thong sb dong co, su bién ddi cua moémen ma sat,
ciing nhu khi cac gia tri dat va nhiéu phu tai thay d6i. Ngoai ra, con c6 ngudn va bd bién
ddi cong suit, PCXC va mot sb céc thiét bi do luong phu tro khac.

Khi sir dung bd dSPACE hoic bién tin cong nghiép dé xay dung hé théng diéu khién
truyén dong bam thi vén dé co ban nhat 1a thiét ké dong hoc cho cac BDK vi tri. Khi goc sai
1&€ch nho, BPK vi tri dugc xay dung theo nguyén ly thiét ké cac hé truyén dong dién nhiéu
vong voi cac vong diéu chinh 1é thudc [3, 5]. Khi thiét ké dong hoc, BPK vi tri ta coi rang
vong toe do dugc thiét ké theo tiéu chuan tdi vu mé dun hodc toi uu ddi xtimg. Khi d6, vong
dong dién c6 hing s thoi gian dién tir (7,) va hing s thoi gian b bién ddi 7, duoc thay
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bang tong ciia ching 1a 7,,. Vong toc do tong hop theo tiéu chuan t6i vu mé dun, [3, 5]. Khi
xdy dung BDK truyén dong cho BPCXC, mdt yéu ciu co ban 1a c6 vong kin diéu chinh dong
ig va iy Diéu nay cho phép gitt cho iy = const trong ché d6 qua do va can bang, cai thién dic
tinh nang luong, i, 1a thanh phan dong dién tao ra mé men [5].

Thuyc hién tong hop vong vi tri, cho rang vong téc d6 da dugc tong hop theo tiéu chuin
t6i wvu md dun hodc tdi vu ddi xing [2, 3]. Tong hop vong vi tri theo phuong phap Ziegler
- Nichols hodc phuong phap su dung phan mém thiét ké BDK PID Design nhu trong tai
liéu [3],... dé thiét ké BPK vi tri PI va PID.

Khi dé, so d6 céu trac duoc bién ddi thanh so dd trong hinh 2a, sau dé tiép tuc bién dbi
so d6 khdi ta c6 so do trong hinh 2b. Trong do: W, 1a ham truyén BPK toc do, W, 1a ham

truyén BDK vi tri; k¢ hé s6 ham truyén cua phan do ludng.

P4 1 Dr 7
w w - > d 11 @
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- [
k(ﬂ
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Hinh 2. a) so do cau tric hé truyén dong diéu khién vi tri,
b) bién doi so do cau tric hé truyén dong bam vi tri.

Xét hé théng ¢ ving sai léch véi goc dat 0,1 rad. Goi T, wla tong hang s thoi gian nho
khong bu (7, =7, +T,,). Do hé c6 quan tinh co hoc kha 16n nén hang s6 thoi gian can
bu la hé'lng s6 thoi gian dién co ctua hé thong 7). Déi tuong cia bd diéu chinh vong vi tri
co6 dang:

1 1/K 1
Wop =W —=—— 5~ )]
s a,a.T,s+1s
Khi d6 ham truyén kin dugc viét.
_ /K,
ke (a,a,T,;s+1) @
Biéu thirc (2) da duoc don gian gan dang bo qua s6 hang bac cao & mau sd ham truyén.

Tong hop bo diéu khién vi tri theo tiéu chuan t6i wu mé dun [2, 3], ham truyén mong
muon cua hé c6 dang sau:

w /K,
Ho = (3)
a,a,a.l, s(a,a.T,s+1)
Ham truyén b6 diéu chinh vi tri 1a:
w
H K
Wp="ttm =Ky, @
0p pApie-arTy
Luc nay ham truyén vong kin hé théng diéu khién vi tri duoc viét lai 1a:
1/K
W, - 5)

ko Ap-Ag ag .Tﬂ.s.(aw.a[ T,us +1)+1
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Khi sai léch goc ban dau c6 gia trj 16n, hé thong lam viéc voi hai giai doan tuong ung
Vi gid tri 16n nho cua goc sai léch. Van dé dat ra la can lya chon thoi diém chuyén diéu
khién thé nao dé hé thong dat duoc tiéu chuén tdi wu theo tac dong nhanh va ti€ém can vi tri
cuoi khong c6 do qua chinh [3]. X¢ét di€u kién uu tién & thoi di€ém dung, khi hé thong vao
vung sai 1éch nho (gan dén dich) can nang cao dd chinh xac. O thoi diém hé thong chuyén
sang chu tric kin bat dau lam viéc ta c6: Toéc do ban dduw=w,,; Sai léch
Ap,, =@, —@,,. Khi chinh dinh hé théng theo tiéu chuéan giam va dap, ta lya chon
a,=4,[2, 3]. Ta thy tin higu ra by dicu chinh vi trf Ia tin higu ddt cho bd diéu chinh toc
do. Tin hi¢u vao BDK tdc d¢ la:

Uiw - Ko = Kgp. A - K,,. 0 6)
Khi diéu khién theo sai léch:
KipAp - Ky = 0; Kypdp = K0 @)
Theo (7) c6 thé xac dinh gia tdc trong qua trinh khir sai 1éch vi tri Ag nhu sau:
dog_Kap d o Kiep AKP), Ky o d@)) Ky o o
i K, dt " K, dt K, "d K, 7

N}lu: vay, gia ‘toc cham dan cuc dai ’cﬁa chuyén dong trong hé truyén d(f)ng‘dién cang 16n
khi toc do ban dau cang 16n (7). Gia toc nay tang khi tang sai 1éch goc ban dau 4¢, lic hé
thong chuyén dong sang h¢ kin vao vi tri dong bg, vi vy dong phan ung cuc dai cling ting.

1 d
Lyax = E.[Jz(—w)maxwLMc} )

Gla tri Imax tinh theo (9) can bao dam diéu kién han ché dong Ly < 1y va hé théng la

tuyen tinh. Néu A@Qps Va 0pg 10n thi s€ 1am cho diéu kién sau ton tai:

Imax > ]c/(lhan ché) (10)
B0 diéu chinh o s& chuyén sang giai doan bao hoa ciia dic tinh sau:
Uy=U,1,,=K,1,=const (11)

Khi d@6, hé théng lam vi€c nhu mach ho véi dong cuc dai L. = L.
Do gia toc him tuong tmg v6i md men hdm cho phép nho hon gia tri yéu cau dé dimg
€m chinh xac da tinh trén nén cuoi qua trinh s€ x4y ra hién tugng qua chinh.

Nhu vay, vong diéu chinh vi tri t6i wu vi b diéu chinh ty 1 khi W, =K, s& dugc

thuc hién v6i yéu ciu can phai han ché gia tri ban dau cua sai 1éch va tdc d6 (A@pg, 0pg) &
thoi diém khi hé théng chuyén sang giai doan lam viéc v6i ciu tric hé kin dé vao dong bo.
Khi d6, dong diéu khién mé men cuc dai chua dat toi gia tri han ché cho phép [3, 4, 5, 7,
9]. Theo (8) va (9) xac dinh dwoc gia tri cho phép cua toc d6 & thoi diém dong diéu khién
mo men cuc dai la:

Kotrmax K, Clg+Mc K, Clg+Mc

o _ _ _
maxcf ~ K(pd K(D Kpd Ko BTy Kpa Ky pcTyu (12)

i O day: Bc 1a do cing déc tinh co; I la dong han ché cho phép. Néu cho ring thoi gian
dé dong dién tang den jmax 18 tmax = 2a.. T, thi ta co:

& X
_ Tmax *"max_ __
a)maxqf - a)hdcjf - 2 - a)hdcf - a]ngax 'T,u (13)
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Vay tdc do ban dau cho phép ®per dugc tinh 1a:
K

[}

a)bdcjf = a)maxcf + a] ‘ngax T;t = K K gmax
[

K, CI,+M, _(1 L K Koa, T, ]

+a;.E a0 .Tﬂ

- : (14)
K, K, B.T, N
a.a .a,T
=L LR (C,+ M) 1+ L
B.T, ‘ a,.a,

Biéu thirc (14) 13 co s& lya chon tde do ban déu cho giai doan bam vao dong bd chinh
xac. Tt (14) ta thiy, momen can lam ting gia tri tdc do ban dau cho phép vi thé khi tinh
toan can lya chon M nho nhét v&i M. thay dbi trong gii han rong.

Xét hé théng khi quay mot goc dat cho trudc. Hé théng bat dau hoat dong khi diéu kién
dau bang 0. Hé thong gdm cac giai doan chuyén dong sau:

- Gia toc dén toc d0 @ e (AQ);

- Chuyén dong véi tde do cuc dai cho phép;

- Ham va dung chinh xéc.

Gia tbc gbc dit cang 16n thi dong di@n khi khoi dong cang 16n. I§hi W e cang 16n thi
dong cuc dai khi ham cang 16n. Tinh ch:&t dong hc;)c cua hé diéu khién vi tri chi duoc bao
toan khi gia tri dong dién /,... < Iy h¢ thong 1a tuyeén tinh.

Dé tranh hién‘tuqng qué chinh khi ham véi tép d% ban dau cuc dai, (3(') thé chon bé $6
khuéc‘h dai bd di€u chinh vi tri theo (7) khi coi toc d6 dinh murc hé truyén dong 1a toc do
ban dau va cho gia tri &gl = &ymax = const [2, 3, 5].

2
A @
Ta co: 2P _ dm (15)
Ko 2h,
Thay (15) vao (7) thu dugc:
2.K .&
Kd — @° % hmax (16)
" K,o,

- Khi AQ 160 (A9 4max -Sai 1éch khi bat dau trang thai him), lwa chon K, theo diéu kién (16).
- Khi Ag nho, Ky, lya chon ti 1& nghich véi toe do:

K, &
K T max 1
@ K @ (17
Tinh todn va rat gon lai, ta thu dugc ham truyén BDK w1 tri la:
K
W, =K, +—"— 18
2a T K (18)

Biéu thirc (18) 1a BPK ty 18 tich phan. Khi tong hop BPK vj tri PI, ta co thé tinh toan
theo phuong phép Ziegler-Nichols hodc phwong phéap s dung phan mem chuyén dung
PID Design ¢ [3] dé tinh toan lwa chon tham s6 phu hop véi cac gia tri can thiét dé mo

phong va thyc nghiém cia bo diéu khién c6 duoc la: a,=02; K, =0,002;
T,6=0,079. bén day ta tinh dugc thanh phan Kp va K 1a: Kp = 2900; K; = 8200. Khi do,
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viéc bién d6i cdu trac diéu khién duoc thuc hién theo ham cac thong s6 trang thai (tbc do
va sai 1é€ch goc) cua hé thong, [5, 7, 8].

3.MO PHONG VA THUC NGHIEM

Sau khi nghién ctru tinh toan, xay dung BDK vi tri, dya vao cac tham s6 da tinh toan va
lua chon & trén. Tién hanh thuc hién xay dung chuong trinh md phong trén phﬁn mém
Matlab-Simulink dé tién hanh mé phong, danh gia két qua nham kiém chung tinh ding
dén ctia phuong phap nghién ciru, so d6 c6 dang nhu trén hinh 4.

it irad) ’m’l—l_.
L [ ]

e ;
L=  y

_abo e _:
mn
= iz_a
Ve
9 Step w
-+ N " <Stator dumentis_a (4)>
B
c

B L " = H(pm)
s or tack I5F =_a (v
[

-
o
1

reference position

speed reference
real position

PI position controller

|
Permanert Magnet <Rotor speed ym dpdiglhs

L af+ Synchronous Motors
<Bectromagreelic topque Te (NlFL.

Vab

Te (M.m)

Hinh 3. So do khéi ccfbg triic diéu khién hé thong truyén dong sir dung dong co xoay chiéu
dong bg duoc xdy dung trén Matlab — Simulink.

Céc tham s6 mé phong PCXC dong bo ky hiéu HASA 102 dung dé mé phong va thuc
nghiém, gf”)m co: Cong suat P = 3,7 kW; Tdc d6 dinh muc 1500 vong/phut; Pién ap U =
220V; I = 4,5A; Doéi cuc p = 4; Dién tro stato R, = 14,85.10°Q; Pién trd 16 to R, =
9,295.10°Q; Hé sb ma sat nh6t B = 0,0001 N.m.s/rad; M6 men quén tinh J =1,55.10"
Kgm®. Xay dyng mé hinh mé phong hé thong bam diéu chinh tong hop cé tich hop thém
diéu khién theo dao ham lugng vao nhu hinh 3.

- Khao sat danh gia cac chi tiéu chét lugng cta hé thong khi tac dong vao 1d ham bac
thang. M6 phong thuc hién vai cdc gia tri lon nho khac nhau cua luong vao (goc dat trudc).

- Nghién ciru anh huong cac thong s6 bo didu chinh dén chat lugng hé thong (tinh téc
dong nhanh va kha nang tiém can khong cé dao dong dén vi tri cuéi). Lva chon duoc
thong s6 bo diéu chinh dé dat duge gia tri mong mudn [3, 5, 8].

- Khao sat hé théng bam diéu chinh téng hop c6 thém kénh didu khién theo dao ham
luong vao, lwa chon dugc hé s6 cua kénh. N6 gdm mach chinh 1a BPK ti 1& va phan bu
theo dao ham luong vao nhu hinh 4.

He so KD2

nguong sai lech

G

dattoc do

K 3306 hiam Taong vao He s0 KD1 He s0 KD3

[>T
e

dat goc —
Derivatived Saturation1

dat phu tai

3/ sailech |

P 0.
vi i thue \J‘

sai lecht HSKD kenh phu tal

Hinh 4. Khai trién mé hinh mé phong bg diéu khién vi tri.
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Thiét ké bo diéu khién tong hop dé nang cao chit lugng hé truyén dong bam, khi ¢
thém kénh diéu khién theo dao ham lugng vao bao dam cho hé thong [é vO sai khi tin hiéu
vao thay doi vdi toc do khong doi. Trong qua trinh m6 phong c6 thé bo kénh bu dé xét
riéng BDK ti 1¢. Vi so @6 hinh 4 c6 thé mo rong thém kénh dicu khién theo nhicu la
moémen can, [2, 3].

Hé thong diéu khién di xdy dung lam viéc khi chuyén doi cu trac voi gia tri sai léch
khéc nhau va dugc mo6 phdng mdt so truong hop sau:

Truong hop 1: Danh gia qua trinh diéu khién khi thay doi toc d¢, toc do dit 1a @, tang
tir 126 rad/s dén 256 rad/s, sau do, giam tur 256 rad/s dén 126 rad/s, lugng ra bam sat luong
vao ¢ qua trinh can bang; dap img dong dién i, the hién ding qua trinh thay doi téc do, hé
thong lam viéc on dinh, ta c6 két qua mo6 phong nhu hinh 5.

400 -
dudng o
%é 200
k] .
duong cham... wq
% 0.2 0.4 0.6 0.8 1
10
= 0
gL 0.2 0.4 0.6 0.8 1
Timels)

Hinh 5. Két qud mé phong khi thay doi toc dé dat; toc do dap img
va dong dién i, ciia hé thong.

Trwong hop 2: Nghién ctru anh huéng cua thoi diém chuyén doi cau tric: hé thong lam
viéc voi goc sai 1énh khi chuyén d6i cau truc voi gié tri toi uwu la luong dat cho trudce luong
vao 14 ham béc thang Xv = 0.1 rad, khi m6 men tai khong d61 Mc = 5 Nm. Két qua mo
phéng cho thay dap rng vao ra theo goéc c6 thoi gian dat gia tri can bang 0,1 s nhu hinh 6a,
luong ra luén bam sat lugng vao, gia tri dong dién iy, trén hinh 6b thé hién dung qua trinh
lam viéc cua hé thong. Ta co6 két qua:

0.15 3
2
0.1H
g 0.05 - o
g - | | Xv ._g OI p_
© V
0 -1
0%z 04 o5 08 1 “0 02 04 06 08 1
a) Time (s) b) Time (s)

Hinh 6. Dap vng vao ra BDK vi tri theo: a) goc 0,1 rad; b) gia tri dong iy, truong hop 2.
Truong hop 3: Nghién clru phan tmg cta hé thong khi goc dit vao 1a ham thay d(z)@ bién
thién toc do khong doi theo quy luat ham X, = V.t, (V = 1 rad/s) mo6 men tai khong doi Mc
= 5Nm, nhu trong hinh 7.
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Hinh 7. Dap ving vao ra BDK vi tri theo: a) goc 1 rad; b) gid tri dong i, truong hop 3.

Khi goc dit 1a ham V.t thoi gian dat gié trj cAn bang khoang 0,1%. Sai s bam sat gan
nhu bang khéng, ta thay thoi gian dap ing bo di€u khién kha nhanh. B diéu khién vi tri
néu ra ¢ day la bo dieu khién tong hop, [3, 5, 11].

Truwong hop 4: Khi luong vao thay doi goc sai léch khi chuyén doi cau trac 1a 0,1 rad;
v0i bién d6 co dang xung vuoéng; chu ky T = 1 s; m6 men can khong thay d6i. H¢ thong
lam viéc ca ¢ ché do tang giém luong vao; so lan dao dong bang 2, Iugng ra van bam sat
lwong vao ¢ qua trinh can bang nhu trong hinh 8.
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-0.055 0.5 1 1.5 2 % 0.5 1 1.5 2

a) Time (s) b) Time (s)
Hinh 8. Pap ung vao ra BPK vi tri theo: a) goc; b) gia tri dong isq truong hop 4
Truong hop 5: Goc dit vao bé X, = 0.05 rad, hé thong 1am viéc voi luong ra h¢ thong
co su thay doi trong qua trinh qua do, thi d6 dao dong cua hé thong c6 s6 lan dao dong =2
lan; thoi gian qua do tye = 0,16 s; lugng ra van bam sat luong vao ¢ qua trinh can bang. Ta
c6 ket qua trong hinh 9.
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Hinh 9. Dap vng vao ra BDK vi tri theo: a) goc 0,05 rad; b) gia tri dong i, truong hop 5.
Quan sét cac két qua md phong ta thiy viéc lya chon thoi diém chuyén déi ciu trac anh
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huong rat 16n dén chat luong dong hoc cia hé théng truyén dong dién: Goc sai 1éch khi
chuyén d6i cu tric (goc dat 16n 0,1 rad; lrad hay goc dat nho 0,06 rad), luong vao bién
thién toc d6 khong doi,... O day, BDK vj tri da xét su thay ddi cua goc dit vao hé thong
v6i nhiéu truong hop khac nhau. Didu nay cho thay tinh bén viing cta bo diéu khién trudc
nhimng tic dong thanh phan phi tuyén bat dinh thi hé thong lam viéc 6n dinh. BPK bao
dam bén virng voi voi sy thay ddi cua tc do dat, gbc dat hé théng lam viéc 6n dinh cho hé
thong, [2-4].

Hé théng duoc trién khai thuc nghiém nhu sau: Céu trac chung BPK vi tri diéu khién
dong co xoay chiéu dong bo st dung thiét bi Dspace 1104 nhur trén hinh 10a; va ban thyc
nghiém nhu hinh 10b. Trong d6, céac tin hi¢u phan hoi dong dién va tde do cua dong co
dugc dua vao Dspace 1104 qua cac kénh chuyén d6i twong tu sd. Cac tin hiéu nay dugc
card xtr 1y tinh toan ra cac gia tri thuc cua dong dién, toc do va vi tri. Gia tri thuc cua dong
dién, toc d6 va vi tri duoc dua vao cac bd diéu chinh duoc lap trinh dé tinh toan so sanh
voi gia tri dat. Giao dién dugc thiét ké trén phﬁn mém Matlab, Control Desk dung dé giam
sat, thu thap va diéu khién dbi tugng trén may tinh.

- Dspace 1104

May tinh
Ding co P (X, ) v6i chuong
XC DB trinh DK va
thu thip
dir liéu

BBD DAC

|
|
|
Cong Sudt
|
|
|
|
I

PWM

Pong co
Xoay chiéu
Pong b va
| encoder

b)
Hinh 10. a) Cdu triic chung hé thong diéu khién vi tri dong co xoay chiéu dong bé
st dung thiét bi Dspace 1104, b) ban diéu khién.
Chu tric cia hé théng nhu hinh 10a: BDK vi tri K¢; Toc d0 Ko; Dong dién Ki; khuéch
dai cong suat va bo diéu ché tin hi¢u diéu khién PWM; Dong co xoay chi€u dong bo; cam
bién do goc (vi tri); ADC: bg chuyén doi tuong tu - so.

Thiét bi phan cimg Dspace 1104 1a thiét bj diéu khién sé do hing Dspace ciia Dirc san
xut dua trén bo xir 1y tin hiéu sé DSP dau phay dong thé hé thir ba, ho TMS320Cxx cia
hing Texas Instruments (My). Dspace 1104 duoc thiét ké dic biét dé phat trién cac bd
diéu khién sé da bién tdc d6 cao va md phong thoi gian thuc. So dd khoi thiét bj Dspace
1104 [6] nhu hinh 11a.
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Duty cycleb
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Log
Masler PPC VO fealures Operator

a) b)
Hinh 11. a) So d6 khéi thiét bi Dspace 1104,
b) Chirong trinh Simulink thu thip dit liéu vao/ra ciia doi twong.
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Muc tiéu qua trinh thuc nghiém 1a dé ching minh kha ning 1am viéc BDK vi tri d xay
dung, khong nhimg 1am viéc tt trong mé phong Matlab Simulink ma con lam viée t6t
duogc ca trong thoi gian thue day 1a vin d& khoa hoc méi ¢6 ¥ nghia.

MO hinh thuc nghiém bai bao 4p dung 1a “Ban thuc nghiém nghién ciru didu khién vi tri
dong co dién xoay chiéu déng bo” (hinh 10b) bao gdm: Phan cimg Dspace 1104, may tinh
nhing ciu hinh cao: Mainboard H110; B6 vi xur 1y/Chip Intel G4400 (3M Cache, 3.30
GHz); Ram 8G; dugc cai dat voi phén Driver di kém ctia card Dspace, dong co xoay chiéu
dong bo c6 tham sé nhur phan dd mé phong, dong co co gan encoder c6 dd phan gidi cao
1024 xung/1vong; thoi gian trich mau t = 107s, cac tham s6 ctia BPK vij tri dugc tinh toan
lwa chon, [2-4]: Ko = 8561, Ko = 2,381, Ki = 6,851, két hop cac phin mém chuyén dung
Matlab R2019; phan mém lap trinh cic thudt toan bang ngdén ngit C va CCS (code
composer studio); ngoai ra con c6 hé théng ngudn cong suét, thiét bi do ludng, may hién
song,...
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Hinh 12. a) Ddp img thiee nghiém thu thdp div liéu BDK vi tri dong co xoay chiéu dong b,
b) Piéu khién thuc trén Control Desk véi BPK vi tri khi ¢6 gid tri goc dat la 15 rad.
Chuong trinh diéu khién két hop thoi gian thyc trén Simulink v6i bd diéu khién vi tri

nhu trén hinh 10b.

Chuong trinh nay duoc bién dich va dugc nap vao thiét bi Dspace 1104 dé diéu khién
dong co xoay chiéu trén thoi gian thuc, voi s6 li€u dong co nhu da cho & md phong. Keét
qua thu thap dir liéu trén Control Desk nhu trong hinh 12a, gia tri goc thyc ludén bam sat
gia tri goc dat 5 rad & qua trinh can bang.

Két qua nghién ctru diéu khién thoi gian thue véi bo didu khi BDK vi tri dugc thu thap
dir li¢u trén Control Desk khi tin hiéu goc co6 gia tri dat 1a 15 rad, luwong ra bam sat lugong
vao ¢ qua trinh can bang nhu trong hinh 12b.

Quan sat két qua thuc nghiém véi BDK vi tri sit dung card Dspace 1104 cho th?iy, viéc
xay dung hé thong diéu khién da dem lai chat lugng lam viéc tot lugng ra bam sat lugng
vao ¢ qua trinh can bang. Cu thé 1a, thoi gian dat dat dén gid tri can bang 0,07s trong tong
thoi gian dap umg 10s (nhu trong hinh 12b). Hon nita, BDK vi tri dwoc xay dung ¢6 kha
nang git duoc toc d6 dong co 6n dinh khi thay ddi lugng vao va md men can thi dap tng
BDK van luon on dinh. bay la van dé khoa hoc c¢6 tinh méi, hoan toan ap dung dugc vao
thyc té san xuat. So sanh két qua véi cac nghién ctu trong [10] va trong cac nghién ctru
trudc do [12] thi két qua dat dugc ctia bai bao tot hon véi phan mé phong cé thoi gian dat
to1 gia tri can bang nho hon (0,8s), ¢ trong [11] dong dién dao ddng 16n hon 0,25A (hinh
4b va hinh 6b cua [11]). Vi vay, dap ung BDK cua phan thuc nghiém trong bai bao luon
lam viéc t6t voi dong co c6 cong sut 16n hon nhiéu 1an so véi cac nghién ctru trude day.
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Do do, BDK vi tri ph?ln nao di dat dugc muc tiéu dam béo chét luong dé thoa man nhu
diéu khién cac may cong nghiép c6 do chinh xac cao nhu: may cit got kim loai, 6 bt
cong nghiép,... dé 1am ting ning suit lao dong, giam gia thanh san phdm dap Gmg nhu cau
thi truong voi chi phi thip nhat.

4. KET LUAN

Heé thdng diéu khién vi tri PCXC véi cdu trac bién ddi dung trong hé truyén dong dién
bam cho cac ddi twong dleu khién chinh xéc trong cong nghiép va quan sy can doi hoi do
tin cdy va do chinh x4c rit cao, viéc thay thé cac hé théng diéu khién cii 13 can thiét va cip
bach trong cac hé thong bam dién co dang dugc st dung nhiéu trén thyuc té hién nay. Bai
bao nay di trinh bay vé cach tiém can méi, c6 thé img dung thuc té cho hé thong truyén
dong bam cong nghiép hién nay nhu: hé théng diéu khién ro bét, hé théng diéu khién
chinh x4c cho méay déng vién thudc trong nganh dugc, hé théng didu khién may cét got
kim loai CNC, hé thong bam vii khi, hé thong diéu khién chip hanh bang dién khi nén va
thily lyc,... Dya trén phuong phép tong hop, bo diéu khién theo tiéu chuan t6i vu mé dun
va céu trac bién doi. Cac két qua cho thay, luat diéu khién dua ra 12 ding dén 1a co so dé
sir dung trong tinh toan thiét ké cac bo diéu khién vi tri cho hé thong bam trong cong
nghiép va quan su. Huong phat trién tiép ta co thé xét them cho truong hop: tong hop hé
thong tmyen dong bam sat theo goc véi cau trac bién ddi cho cac dbi tuong diéu khién
tryc tiép mé men: str dung dong co chip hanh dang mot chiéu khong tiép xic - BLDC,
dong co tur trd - SRM,...
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ABSTRACT

THE CONSTRUCTION POSITION CONTROLLER SYSTEM OF SYNCHRONOUS

AC MOTOR WITH VARIABLE STRUCTURE USING dSPACE 1104 CARD

In the electric drive systems of industrial, often meet the objects that need to
solve the angular position control problem, moving the object from one position to
another in an asymptotic manner without over adjustment and ensure maximum
impact quick. This is the multi-objective optimization problem with many different
solutions. This paper presents a method of constructing the position controller of
synchronous AC motors with a variable structure using dSPACE 1104. To solve this
problem, the use of simulation software, experimental programming with
computers, to collect data and control are effective and effective tools.

Keywords: Position control of synchronous AC motor; Position control; Variable structure.
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