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MO PAU

Bai toan diéu khién cac ddi twong c6 tham sé phan bd duoc coi 1a mot
trong nhiing van dé trong tam cua ly thuyét diéu khién hién dai, boi vi viéc ting
d6 chinh xac va chét luong lam viéc caa cac hé théng diéu khién d6i véi 16p
dbi tugng ndy chi c6 thé dat duoc khi tinh dén sy phan b theo khéng gian cua
c4c tham sé ddi twong. Cac phuong phap chung tinh toan cac hé thong diéu
khién cac d6i tugng cd tham sb phan bd da duoc xem xét trong nhiéu tai liéu
chua phai 1a cac chuan ki thuat chung. Vi vay can tim kiém cac phuong phap
méi sao cho n6 cho phép vira tinh dén sy phan bd cia cac tham sé doi tuong
diéu khién, ddng thoi tng dung duoc cac phuong phép kinh dién da biét.

Cac hé truyén dong dién tu dong nhiéu dong co cha dong lién thudce
nhau vé toc do 1a thanh phan co ban trong hau hét cac day chuyén san xuat
cong nghiép, trong d6 phan tir lién két dan hdi 13 thanh phan c¢6 tham sé phan
bb dién hinh. Chat luong diéu khién cac hé thong nay s& quyét dinh do chinh
xéac va chat luong lam viéc clia toan bo day chuyén. Pé nang cao chat luong
diéu khién cac hé truyén dong nhu vdy, can thiét phai tinh dén anh hudng cua
bing tai dan hoi lién két cac dong co. Piéu nay 1am cho viée tong hop bo diéu
chinh s& kho khan hon nhiéu. Thuc té di c¢6 nhiéu nghién ctru xem xét giai
quyét van dé nay véi cac chién luoc va phuong phap khac nhau xong ching
chua han 13 chuan k¥ thuat chung. Vi vay, dé tai “Nghién ciru téng hop hé
diéu khién cho hé thong truyén déng dién nhiéu dpng co lién két dan héi
bang phwong phdp ndi suy thue” s& dé xuat mot giai phap tong hop va hiéu
chuan bo diéu chinh dua trén co s& phuong phap ndi suy thuc véi thi tuc don
gian, cho phép giam khdi luong tinh toan va bao luu cac tinh chat dic trung
va anh huéng cia bang tai dén hé thong.

1. Tinh cap thiét ciia van dé nghién ctru
Céac dbi tugng c6 tham sd phan bd ndi chung va hé truyén dong dién
nhiéu dong co co chtra lién két dan hdi néi riéng duoc mo ta boi cac

phuong trinh vi phan dao ham riéng, cac phuong trinh tich phan, vi - tich



phan va cac dang khac nita. Viéc giai riéng ré cac phuong trinh nay 1a vén
dé rat phirc tap ma hau nhu phuong phap nao ciing déu phai sir dung cac
giai phap xap xi, khong dua ra duoc 10i giai tong quat. Vi vay, viéc phét
trién cac phuong phap va thuat toan nham nang cao do chinh xac téng hop
cac hé théng diéu khién cho I6p d6i twong nay cé tinh cap thiét va y nghia
khoa hoc tét.

2. Y nghia khoa hoc va thue tién ciia luin 4n

Thanh cong cua luan 4n mang lai nhitng ¥ nghia vé khoa hoc va thuc
tién sau:

- Viéc xay dung thuat toan va hién thuc héa chuong trinh tu dong udc
lugng ham truyén dat mo ta bang tai dan hodi cling nhu thiét lap co sd tong
hop bo diéu chinh cho hé truyén dong dién nhiéu dong co lién két dan hoi
bang phuong phap noi suy thuc di cung cap thém mét giai phap hitu ich trong
phan tich va tong hop céc hé théng phi tuyén phic tap, né cho phép bao luu
cac tinh chét dic trung cta dbi tuong c6 tham sé phan bd vai khéi lwong tinh
toan it va thu tuc don gian.

- Két qua nghién ctru cta dé tai 1a co so dé xay dung cac hé thong diéu
khién, giam sat trung tdm cho cic day chuyén san xuét ty dong trong cong
nghiép c6 chira hé truyén dong nhiéu dong co lién két dan hoi, nhu san xuat
gidy, gia cong mang mong quang hoc, lap rap tu dong,....

3. Muc tiéu, nhiém vu, d6i twong va pham vi nghién ctu ciia luéin an

Muc tiéu:

Muc dich ctia luan 4n 13 phat trién phuong phap va thuat toan tong hop
hé diéu khién cho hé thong truyén dong dién tu dong nhiéu dong co chu dong
c6 tinh dén anh huong cia bang tai lién két dan hdi, cu thé:

- Phat trién thuat toan udc lugng ham truyén dat mo ta ddi tuong c6 tham

sO phan bo



- Xay dung thuit toan tong hop bo diéu chinh tmg dung phuong phap ndi
suy thuc va mo hinh thyc nghi¢m cia hé truyén dong di¢n nhiéu dong co chu
dong c6 chtra phan tir lién két dan hdi.

Nhiém vu:

Dé dat duwoc muc tiéu trén, luan an giai quyét cac nhiém vu sau:

- Panh gia cac phuong phap diéu khién va xay dung mé hinh cua hé
truyén dong dién hai dong co c6 lién két dan hoi

- Mo hinh héa va udc lugng ham truyén dat md ta bang tai dan hoi dang
vong kin bang phuong phap noi suy thyc.

- Nghién ctu co s¢ va xay dung chuong trinh tu dong téng hop hé thong
diéu khién cho hé truyén dong dién hai dong co khong dong bo lién thudc
nhau boi bang tai dan hoi.

- Tong hop tham s6 cac vong diéu khién va xay duyng md hinh thuc
nghiém hé truyén dong dién hai dong co co chira bang tai dan hoi.

Déi twong nghién civu:

Hé thong diéu khién tu dong cac ddi tugng cd tham sé phan bd noi
chung va cu thé 1a hé truyén dong dién nhiéu dong co chu dong c6 chtra phan
tir lién két dan hoi.

Pham vi nghién ciru:

Trén co s& dbi tuong nghién ctru da dugc xac dinh, pham vi nghién ctu
ctia ludn an 13 c&c phuong phép va cach thirc nang cao chat luong tong hop bo
diéu chinh cho cac hé théng c6 tham sé phan b. M6 phong, xay dung mo
hinh thuc nghiém va danh gia két qua tong hop hé truyén dong dién hai dong
co ¢0 lién két dan hoi.

Phwong phap nghién cvuu:

Phuong phap tiép can mot cach toan dién, két hop nghién ctu co so ly

thuyét tong hop hé théng diéu khién déi tugng c6 tham sé phan b bang phuong



phép noi suy thuc. Xay dung thuat toén tong hop, md phong, danh gia két qua
trén Matlab & Simulink va thuc hién tinh toan tham sé bo diéu chinh cua hé
truyén dong dién hai dong co khong ddng bd cd chira bang tai lién két dan hdi.
4. Ndi dung va bd cuc ciia luin 4n

Luan 4n bao gdm: phan mé dau, bén chuong chinh, mdi chuong giai
quyét mot nd1 dung khoa hoc cu thé; két luan chung; tai liéu tham khao va
phu luc céc chuong trinh. Ngoai phan md dau, ndi dung chinh cia cac chuong
nhu sau:

Chuwong 1: Bai toan diéu khién hé truyén dong dién nhiéu dong co cé
chira phin tir lién két dan hoi

Trinh bay tong quan, danh gia cac nghién ctru trong va ngodi nudc va dé
xudt mo hinh nghién ctru hé truyén dong nhiéu dong co lién thudc nhau boi
bang tai dan hoi dang vong kin.

Chuong 2: Uéc lrong ham truyén dat mé ta cac ddi twong c6 tham
s6 phan bd

Chuong nay dé xuat thuat toan xap xi héa ham truyén dat bang phuong
phap noi suy thuc, tiéu chuan danh gia sai s udc luong. Xay dung chuong
trinh ty dong udc luong ham truyén dat mo ta bang tai dan hdi véi cac tham
s6 khac nhau. Két qua nghién ctru ctia chuong 2 duoc tac gia cong bd & cong
trinh s6 1.

Chuong 3: Co sé tong hop hé thong diéu khién wng dung phwong
phap ngi suy thue

Chuong 3 phén tich co s 1y thuyét va dé xuat thuat toan téng hop bod
diéu chinh dap Gmg cac chi tiéu chét luong yéu cau cua hé thong bang phuong
phap noi suy thuc. Khao sat cic giai phap hiéu chinh tham sb bo diéu chinh
nham dat dugc cac yéu cau ciia hé thong sau tong hop. Két qua nghién ctru

cua chuong nay dugc cong bo ¢ cong trinh s6 2, 3.



Chuwong 4: Xdy dung hé truyén dong dién hai dong co cé chira bing
tai dan hoi dang vong kin

Chuong 4 thyuc hién tinh todn tham sé cac bo diéu chinh trong timg vong
diéu khién dong dién, tir thong va toc do6. Mo phong va xay dung mo hinh
thuc nghi¢m cua hé truyén dong hai dong co co tinh dén anh hudng cua bang
tai dan hoi.

5. Nhirng déng gép vé khoa hoc va thue tién ciia dé tai

Vé khoa hoc:

Lu4n an c6 hai déng gop moi, cu thé:

+ Thuat todn udc luong ham truyén dat mo ta ddi tugng c6 tham sb phan
bd bang phuong phap ndi suy thuc. Xy dung chuong trinh ty dong udc
luong va danh gia sai s6 d6i vi ham truyén dat mo ta bang tai dan hoi.

+ Thiét 1ap co s¢ tong hop bo diéu chinh cua cac hé thong diéu khién d6i
tugng c6 tham s phan bd bang phuong phap nodi suy thyc. Thyc hién tong
hop cac vong diéu khién, xay dung chuong trinh mod phong va danh gia hé
théng trén may tinh ddi v6i hé truyén dong dién hai dong co khong ddng bod
c6 chira bang tai dan hoi v6i cac tham sd cu thé.

Vé thuc tién:

Két qua nghién ctru ¢ thé duoc tmg dung vao viée nang cao chét luong
lam viéc cua cac day chuyén san xuit ty dong co chira hé truyén dong dién
nhiéu dong co lién thudc nhau vé téc do, can dd chinh xac cao nhu: day
chuyén can thép, san xuat gidy, thiét bi gia cong mang mong, day chuyén boc
cap, may kéo soi, diy chuyén dong hop, cac robot ty dong trong cac day

chuyén san xuat lap rap 6 t6, san xuat linh kién di¢n tur...



Chwong 1
BAI TOAN PIEU KHIEN HE TRUYEN PONG PIEN NHIEU PONG
CO CO CHUA PHAN TU LIEN KET PAN HOI

1.1. Tong quan hé truyén dong dién cd chira phan tir lién két dan hoi
Trong thyc té, ton tai mot 16p rong cac ddi tuong didu khién c6 tham sb
phan b dién hinh (SDP) nhu: céc thiét bi vé tinh lién két bang day véi tram
khong gian [11], cac panel ning luong mat troi cung cap ngudn cho cac tram
khong gian [12], cac ddi twong niang lugng va nhiét caa dong co dot trong
[13], cac thiét bi luyén kim, nung, say [14], c4c thiét bi tham hiém dudi nuéc
duoc lai dat bang cap [15], cac hé truyén dong dién c6 chira phan tir co hoc
dan hoi [16], v.v. Cac d6i twong nay déu co do dai khong gian xac dinh, cac
tham sé vat ly caa ching khéng chi phu thudc thoi gian, ma con phu thudc
kich thugc khong gian. Vi vay, ham trang thai dau ra cua cac hé théng nay
khong chi thay doi theo thoi gian T ma con phu thudc vao toa dé khong gian
X, dugc mo ta bdi cac phuong trinh vi phan dao ham riéng, phuong trinh tich
phan, vi- tich phan hoic cac phuong trinh khac nita Viéc mo hinh hoa 16p doi
twong c6 tham s6 phan b dugc dé cap trong nhiéu nghién cau [15-19]..

Thong thuong, ham truyén dat mo ta cac ddi twong nhu vay s& c6 dang:

A(s)

W, (x,&,8)=f (s,e@, s,c0s(s),sin(s), sh(s),ch(s),...), (1)
khong chi chira d6i s6 S nhu cac hé tuyén tinh bat bién theo thoi gian (LTI)

ma con céc thanh phan quan tinh va siéu viét (ham cua S

@ \
(/s,e3® cos(s),sin(s), sh(s),ch(s),...) ). Piéu nay lam cho viéc hién thuc hoa

cac hé thong diéu khién cho nhimg doi tuong nay phic tap hon nhiéu so véi
hé c6 tham sb tap trung nhu can phai thuc hién gidm séat trang thai cua doi

tugng theo khéng gian véi muc dich quan sat két qua cta qua trinh diéu khién



va str dung cac tin hiéu hoi tiép, hay khi can téng hop cac bo diéu chinh cua

hé thong diéu khién véi cac tac dong diéu khién phan b theo khdng gian.

P .. . [ —
2 Cudn 2 Cuonn 7
i l/_\] P ¢
()
N N g
—rF — s — A

¢L] < n-ln

BC1 BC?2 DCn

Hinh 1. 1. Cdu triic hé truyén déng nhiéu dong co lién thudc nhau boi bing
tdi dan hoi

Hién nay, cac hé thong truyén dong dién tu dong nhiéu dong co lién

thudc nhau bai phan tir co hoc dan hoi (hinh 1.1) 1a thanh phan co ban trong
hau hét cac day chuyén san xuat, robot cong nghiép, thiét bi gia cong co khi,
dién hinh nhu dugc sir dung trong hé théng may can thép lién tuc, day chuyén
san xuat gidy, thiét bi gia cdng mang mong quang hoc, day chuyén boc cap,
may kéo soi, day chuyén déng hop, cac robot ty dong trong cac day chuyén
san xuat lap rap 6 t6, san xuat linh kién dién tir,.... Trong d6, phan tir co hoc
dan hoéi (bang tai, ddy dai,...) lién két cac dong co co cac tham sb (khoi
luong, 46 dan hoi, ...) phu thudc vao kich thudc khdng gian cua nd. Chat
luong diéu khién cac hé thong nay s& quyét dinh chat lugng 1am viéc cua toan
bo day chuyén.
Mt sé loai mdy cong nghiép dién hinh siv dung hé truyén dpng nhiéu
dong co, bao gom:
1. May can lién tuc: hé théng nay co céc truc can lam viéc ddng thoi, so
d6 cau trdc caa nd duoc chi ra trén hinh 1.2. Trong may can lién tuc, vat liéu
chuyén dong theo hudng duoc ép trong mdi budng can. Mdi budng can déu cé

co cau nha, cudn théng qua hé truyén dong dién. Khi vat lidu duoc can lién



tuc tai mdi truc can, lugng vat lidu ra khoi truc can truéce phai bang véi luong
vat liéu dua dén truc can sau.

Truc can Truc can Truc can Truc can

ST ™

Co cAu nha Co cau cuon

Hinh 1.2. So do chite nang hé truyén déng trong may can lién tuc

Téc do 1am viéc caa truc can can phai khac nhau tuy thudc vao yéu cau
cbng nghé can va tinh chat caa vat liéu duoc can. Bé may cén lién tuc lam viéc 6n
dinh, hé truyén dong phai dam bao 6n dinh ty sé téc do gitra tit ca c4c truc can.

2. May lam giay: 1a mot thiét bi cong nghiép phuc tap, dugc mo ta trén
hinh 1.3. Trudc tién, gidy ¢ dang bot long dugc 1am khd bang céch lac hoac
rung véi tan sb cao, hit va ép chan khong. Sau d6 gidy duoc sy kho dé lam
tang do min. Cudi cling, gidy dugc 1am nhin bang cach can giay trén céc truc

kim loai va dua dén Ruld dé quan.

B0 chia Bo phan

bot gidy 6

dang long P

B¢ phan
say
—» ,
Rulo cuon
A
Ludi Bo phan A

can

Hinh 1.3. So do chitc ning mdy lam gidy
Pic trung ctia hé truyén dong dién trong may lam gidy la truyén dong
can lién tuc. Néu van tc dai & may can ting 1én tir truc can thir nhat dén truc
can ké tiép thi trong may lam gidy van toc dai cua bang gidy chi ting & cong
doan tht nhat. O cong doan say kho do gidy bi ng6t nén toc do dai giam, con

& khau cudi ciing van téc dai khong doi.



3. Hé thang gia cong mang méng quang hoc: c6 so d6 chirc niang dugc
thé hién nhu trén hinh 1.4 va nguyén tic hoat dong twong tu may lam gidy:
vat liéu di ra tir cudn nha duoc phu mot 16p moéng Polyme biang mot truc dic
biét quay trong budng chtra chat long, bé day Iép pha phu thudc vao ty sé van
téc ciia bang vat lidu va tée do quay cua truc truyén dong. Sau do, bang mong
d3 phit Polyme dugc dua vao bo phan say kho rdi dua vao bd phan can ép va
dua dén cuén cudn.

o

Cudn nha

B phan sdy kho B0 phan can

e 0

Cudn cuon

Qo

Hinh 1.4. So' do chitc ndng mdy san xudt mang mong quang hoc
Nhu vay, hé truyén dong nhiéu dong co théo - quan bang vat liéu dan hoi
la thanh phan chinh trong cac day chuyén san xuat ké trén, dugc mo ta trén
hinh 1.5. Hoat dong chung cua hé théng nay c6 thé khai quat nhu sau: bang vat
liéu nhu: cao su, gidy, nhua, vai, nilon,... ¢ d6 dan hoi nhit dinh dugc thao ra
boi dong co thao quan (Unwinder). Sau khi duoc xir Iy nhu in, son, dap, chia

nho, dudi thang. .., s& dugc cudn lai bang dong co quan (Rewinder).

Process web Rewinder

L. u-l cell 2 /

- Lonc fcell 1, —_—
Unwinder - T

1 und xcll

Drlveer I

Driver Mu k(*o;.'"_o'
centre \
C ontroler

Controler

E ncoder E ncodcr
u “'r

Hinh 1. 5. M hinh chung #¢ théng truyén dong dién thao-qudn bang vt liéu
dan hoi
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(Unwinder- tang thdo qudn; Process web- khdu xir Iy dai bang vt liéu; Rewinder-
tang qudn; Nip roller — con lin; Control Centre - hé diéu khién, gidm sdt trung tam;
Controlers — Cdc bé diéu khién; Encoder- cam bién toc do; Load cell — cam bién luc cang;
Web- bang vat liéu dan hoi)

Hé théng diéu khién truyén dong nhiéu dong co c6 chura bang tai dan hdi
can phai dap tng cac yéu ciu: dong bo cao vé téc do gitta cac dong co; tinh
tac dong nhanh va do chinh xac diéu chinh cao. Trong qua trinh hé thong l1am
viéc duong kinh tang thdo, quin co thé thay d6i. Néu tbc do cac dong co
khong thay d6i thi luc cing ctia biang tai s& bién thién. Vi vay hé théng diéu
khién can phai diéu chinh téc d6 cua cac dong co dé on dinh véan téc dai cia
bang tai. Nhu vay, hé théng diéu khién phai diéu chinh dugc ca téc do va
mémen nham on dinh luyc cing cla bang tai.

1.2. Panh gia cac nghién ciru trong va ngoai nwéc
1.2.1. Cac nghién ciru trong nwoc

Nhin chung chua c6 nhiéu nghién ctu chuyén sau vé 16p d6i tuong c6
tham s6 phan bé phac tap, dugc mé ta bai (1). Mot s6 nghién ciu méi chi
xem xét giai quyét cac bai toan lién quan dén hé théng co chira khau giir
cham, dién hinh nhu: Cong trinh [1] dé xuat phwong phéap diéu khién toi uu
cho qua trinh gia nhiét, cho phép xac dinh cdng suét cung cap cho 16 sao cho
sai léch gitra phan bd nhiét d6 thuc va nhiét ¢ mong mudn trong mot khoang
thoi gian T cho trudc 12 nho nhat. O day ung dung xap xi Pade dé chuyén
khau giir cham thanh khau tuyén tinh. Cach nay lam mat di céac tinh chat dac
trung ctia hé ¢d tham sé phan bé va phuong phap Pade ciing cho sai s 16n.
Cong trinh [2] trinh bay cac co s ly thuyét chung nhat, cung cip mot céch
giai quyét trién vong trong viéc phan tich va tong hop céc hé théng diéu khién
d6i luong c6 tham sb phan bd, cho phép bao luu céac tinh chat dic trung cua
d6i twong va thu tuc tinh toan don gian.

Vé diéu khién hé truyén dong dién nhiéu dong co, da co nhiéu nghién
ctu trong nudc duoc thuc hién. Mot sé nghién cau tiéu biéu nhu: Cac cong
trinh [3-5] trinh bay co s& 1y thuyét chung vé cac hé truyén dong dién, mé hinh
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hoa va md phong hé truyén dong nhiéu dong co xoay chiéu cé lién hé ma sét,
dan hoi. Cong trinh [6] dé xuat giai phap nang cao chat lwong hé truyén dong
bam gdc str dung dong co ddng bo kich thich vinh ciru ¢6ng suat nho trén co s&
ap dung phuong phap diéu khién thich nghi modal két hop véi bu cac dac tinh
tinh. Phuong phép nay khong dam bao do chinh xac bam khi hé thdng chiu anh
hudng cua cac yéu té phi tuyén. Nghién cau [7] trinh bay qua trinh thiét ké b
diéu khién phi tuyén thich nghi bén viing cho hé khép mém véi dau ra la goc
quay cua truc tai. Tinh phi tuyén cua khop mém duogc xét truc tiép khong qua
tuyén tinh hoa. Bo diéu khién nay khong doi hoi cac tham s cua hé khép mém
nhung d6 phtic tap ciia qua trinh thiét ké tang 1én dang ké. Cong bé [8] dé xuat
bo diéu khién thich nghi dua trén phuong phap backstepping cho hé truyén
dong co tinh dén anh huong cua khe ho dan hoi va ma sat khd phi tuyén, con
[9,10] tong hop bd diéu khién thich nghi cho hé théng truyén dong van chuyén
vat lieu mém. Tuy nhién, cac hé truyén dong dién nhiéu dong co lién két nhau
boi phan tir dan hdi chua dugc nghién cau nhiéu.
1.2.2. Cac nghién caru ngoai nuwéc

Hién nay, c6 rat nhiéu phuong phap diéu khién dugc phat trién cho cac hé
thong c6 tham s6 phan bd dua trén co s¢ cia Iy thuyét didu khién kinh dién,
logic mo, mang noron va diéu khién tdi vu bén vimg [15-22]. Nhém phuong
phap kinh dién tong hop bd diéu chinh dya trén viée phan tich cac dic tinh thoi
gian hodc tan sd cua déi twong diéu khién, doi hoi phai xdy dung cac mo hinh va
thudt toan phurc tap, khéi lugng tinh toan va sai s6 16m, chrfmg han khi str dung
mo hinh tan sd phai thao tic véi nhimg ham c6 d6i sé a0 jw. Vi vy, chung chi
thich hop cho viéc nghién ctru cac hé thong tuyén tinh. Viéc hién thuc hoa cac
phuong phéap dya trén 1y thuyét md va mang noron c6 chi phi tinh toan cao xét
theo cong cu toan dugc dung. Cac phuong phap bén viing hiéu chuan bd diéu
chinh dua trén chang han, tiéu chuan n~, c6 thé dua dén 10i giai khong dam bao
tinh chat bén viing. Han ché nay ciing ton tai trong cac phuong phap sir dung

tiéu chuan tiém can tich phén giita hé théng mong mudn va dugc tong hop.
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DPdi véi hé truyén dong dién nhiéu dong co co lién két dan hoi, d3 co rat
nhiéu nghién ctru thue hién mé hinh héa va tong hop bd diéu khién cho hé
théng nay dua trén cac mé hinh phi tuyén [23-30]. Nhiéu chién luoc, giai
phap da dugc dé xuat nham nang cao chat luong diéu khién va don gian hoa
cdu trac hé thong diéu khién. Mot sd phuong phéap diéu khién tiéu biéu duoc
phat trién nhu:

1. Diéu khién PID: Cong trinh [31,32] thiét ké bo diéu khién PID cho hé
truyén dong ba dong co, dé cai thién hiéu suat déng bo toe do céc dong co.
Céc tham s6 cua bo diéu khién duoc diéu chinh dé dap ung diéu khién vong
mo ctia hé théng da bién dé giam hiéu tmg ghép ndi 1an nhau. N6 phu hop voi
cac hé théng tuyén tinh ding khi cac tham sb cua ddi twong diéu khién khong
hoic it thay d6i. Dé phu hop v6i cac bién sb thay d6i, nguoi ta phat trién bo
diéu khién bién PID va cac phién ban khac ctiia PID, chang han nhu PID phi
tuyén, PID mo,... s& cho két qua t6t hon. Tuy nhién, viéc nay ton thoi gian va
khong phai d& dang khi tong hop b diéu chinh cho cac hé thong co chua
thanh phan phi tuyén phirc tap, do trang thai dau ra d6i tuong khong chi thay
d6i theo thoi gian ma ca toa do khong gian.

2. Diéu khién Logic mé: Céac nghién ctu [33-35] phat trién phuong
phap tong hop bo diéu khién logic mo tu diéu chinh (Fuzzy Logic Controller -
FLC) cho cac hé théng giam sat luc cing phan tan c6 cdu trac hoic tham sb
hé thong khong xac dinh. Dé thiét 1ap bo diéu khién nay, khong can phai mo
ta toan hoc hé thong/ddi tuong. Nhung can phai c6 mot kién thire tét vé dic
tinh hoat dong cua qué trinh san xuét. Cac luat caa FLC duoc thuc hién véi
diéu kién" if...; then... ". Qua trinh diéu khién thong thuong duoc cac chuyén
gia md hinh hoéa trong FLC. Mdt s6 van dé duoc giai quyét tét hon va trong
thoi gian ngan hon véi FLC nhu diéu khién phi tuyén thong thuong. Tuy

nhién, khong c6 ham tiéu chuan xac dinh dé tim mot FLC t6i uu. Thong
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thuong ta phai tim ra bd FLC i wu véi cic phuong phap thuc nghiém.
Nghién ctru [35] dé xudt bo diéu khién Smith mo két hop diéu khién udc
luong trude Smith va diéu khién PID mo. Pé xuét cdu trac, phuong phap thiét
ké bo diéu khién tbc do va mo hinh hoa hé thdng diéu khién cho hé théng diéu
khién d6ng bo nhiéu dong co co do tré thoi gian, nhidu ngu nhién va cac yéu
t6 bat dinh. Cac két qua moé phong chimg minh rang bo diéu khién c6 thé giai
quyét van dé tré va loai nhiéu t6t hon bd diéu khién PID thong thuong.

3. Ly thuyét mang noron: Cong trinh [36] tng dung mang no ron
(Neural Network-NN) nham kiém soat lyc cang khong doi dua trén viéc bu khir
cac thanh phan bién doi theo thoi gian. Ly thuyét mang no-ron duogc 4p dung
trén hé théng diéu khién luc cang vong kin v6i cam bién lyc cang phan hoi theo
thoi gian thuce, da khic phuc duoc nhimg thiéu sot ctia phuong phap diéu khién
PID truyén thong va lam giam sy phuy thudc gitta van toc va luc cang.

Nghién ctru [37] ing dung diéu khién ché d6 truot mang noron nhan tao
(ANN-SMC) cho ciu trac diéu khién da dau vao da dau ra (MIMO) cta hé
thong da dong co. Su két hop ctia mang no-ron véi phuong phap diéu khién ché
d6 truot (SMC) duoc st dung dé loai bo hién twong nhidu va cai thién sai sb.

Nghién ctru [38] thiét 1ap mé hinh toan hoc va sir dung bd diéu khién
PID thich ing mang no-ron RBF dé thiét ké b diéu khién mang no-ron cua
hé théng ddng bd hai dong co dién xoay chiéu s& gitp cai thién cac dic tinh
dong, tinh va hiéu suét lam viéc cta hé théng tdt hon. Tuy nhién, han ché cua
phuong phép nay 13 can so liéu dao tao ban dau 16n, ton nhiéu thoi gian va
khong hi€u qua trong cong nghiép.

4. Piéu khién téi wu: Nghién ctru [39] dé xuat phuong phap diéu khién
t6i wu toan phuong tuyén tinh (Linear Quadratic Gaussian - LQG) cho hé
truyén dong dién nhidu dong co lién két nhau bai bang tai dan hoi. Cac tuong

tac gilta lyc cang va van toc dai dugc xem xét va udc luong bang phuong
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phap nhan dang khong gian. Pé dat d6 chinh xac tiém can thi bd diéu khién
LQ véi dau vao tham chiéu s& két hop v6i mot bd tich phan. Ngoai ra, bd loc
Kalman duoc sir dung dé uéc lugng vector trang thai. Tuy nhién khi thiét ké
bo diéu khién LQG can c6 m6 hinh chinh xac va dﬁy du vé cac tham sb cua hé
théng, diéu nay rat kho thoa man trong mot hé thdng c6 tham sb phan b véi
cac lién két phure tap.

Cong trinh [40] str dung phuong phép tiép can dua trén mo hinh mo dé
diéu khién t6i wu truyén dong da dong co trong ddy chuyén san xuat lién tyc.
M6 hinh mo nay duoc st dung dé thiét ké cac tham so toi wu ciia bo diéu
khién PI theo tiéu chuan tdi wu bac hai. Phuong phép xac nhan tinh hiéu qua
va cac dac tinh dong luc hoc tdt ciia bo diéu khién t6i wu duoc dé xuit, cling
nhu kha ning tng dung cua nd cho cic hé théng dong luc hoc phi tuyén
MIMO vdi it thong tin tién nghiém nhat c6 thé.

5. Piéu khién thich nghi: Cong trinh [41,42] phat trién phuwong phap
diéu khién thich nghi cho hé thdng c6 cac tham sd thay d6i, chang han trong
hé truyén dong nhiéu dong co thao quén bang vat liéu, ban kinh va mé men
quan tinh cua tryc 1an lién tuc thay ddi. Vi vdy ngudi ta dé xuit sit dung bo
diéu khién thich nghi theo bién ban kinh. Thong tin vé su thay d6i cta trang
thai dbi tuong theo ban kinh dugc cap nhat bdi mot by quan sat va cac tham
s6 ctia bo diéu chinh s& duoc thiét 1ap twong img. Phuong phap nay cho phép
dat dugc d6 chinh xé4c diéu khién can thiét, tuy nhién n6 chi thich hop cho cac
hé thong khong c6 yéu cau cao vé tinh tac dong nhanh.

Bai bao [43] thuc hién theo ddi phan hdi dau ra thich nghi cho cac hé thong
phi tuyén khong xac dinh voi trang thai khong do duge va cac hé sb diéu khién
thay doi theo thoi gian khong biét, sir dung két hop cac phuong phap diéu khién
pho quét va ving chét véi ki thuat backstepping. Cach thirc nidy dam bao sai sd

theo ddi hoi tu dén mot ving 1an can nho tiy ¥ sau mot thoi gian nhét dinh.
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Cong bd [44] nghién ctru van d& diéu khién thich nghi bén viing cho hé
théng toc do va luc cing cia may can dai ngudi thuan nghich dya trén ly
thuyét Hamilton.

6. Piéu khién bu nhiéu phi tuyén: Cac nghién ctru [45,46] dé xuat bo
diéu khién bu nhiéu phi tuyén (NADRC-Nonlinear Active Disturbance
Rejection Control) dé thich tng véi cac yéu td phi tuyén va nhidu trong hé
théng. Cac két qua cho thay hé thong diéu khién s& on dinh bén vimg véi
nhiéu tham so thay d6i trong dai rong. Mic du bo diéu khién NADRC cho
chat luong diéu khién tot xong né lam ting tinh phi tuyén, khé diéu chinh va
viéc hién thuc hoa ciing rat kho khin. Dé giai quyét van dé nay, nguoi ta
thuong str dung bo diéu khién ADRC c6 tham s6 tuyén tinh.

7. Diéu khién dw bdo: Nghién ctu [47] dua ra phuong phéap thiét
ké cho diéu khién du bdo md hinh (MPC) dya trén chi sb hiéu suét thong
nhét trong suét qua trinh kiém soat vong lip va luc cing pha khoi dong
bao gdm cac ché do khong tiép xuc va tiép xtc dé triét tiéu sai léch luc
cang cua dai.

8. Piéu khién phdn tdn: Nghién ciru [48] dé xuat so dd diéu khién luc
cing phan tan phi tuyén dua trén bd quan sat van tdc nang cao cho cic hé
théng cudn dén cudn bi chi phdi bai cac yéu té dong luc hoc phi tuyén. Trong
d6, tinh khdng xac dinh caa tham sé hé thdng va dong luc hoc phi tuyén dua
dén hé théng vong hé bac hai, dugce str dung dé thiét 1ap luat diéu khién toc do
web va luc cing cho mdi tram.

Cong bd [49] xdy dung bd quan sat trang thai co do loi cao ddi véi cac
hé thdng c6 dang chinh tic quan sat duoc rd rang. Cac bo quan sat dén bac 2
c6 thé dugc thiét ké véi tham sé khuéch dai cao. Cach nay cho phép khic
phuc duoc nhitng han ché chinh ctia cdc quy trinh thiét ké tiéu chuan, trong d6

tham s6 dd loi cao co thé dat dén bac cia hé théng.
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Nghién ciru [50] tap trung vao viéc thiét ké bo diéu khién phan tan bén
vitng cho cac hé théng cong nghiép co cau triic phic tap. Tinh bén viing cua
bd diéu khién duoc cai thién bang phuong phap phan tach chdng chéo. Bo
diéu khién thu dugc duoc ap dung cho h¢ théng cudn web véi ciu tric doc.
Céch tiép can nay dan dén nhiéu k¥ thuét tinh toan, do dé cac bo diéu khién
dé thuc hién hon. Két qua md phéng duoc thuc hién voi cac tin hiéu dau vao
khéc nhau cho thay tinh bén viing ctia bo diéu khién dugc cai thién.

9. Str dung bé quan sdt wéc lwong 16i trén co sé bir nhiéu: Cong trinh
[51-53] nghién ctru cac van dé vé ude luong 16i va diéu khién kha niang chiu
16i d6i voi hé théng cudn web ba dong co khi c6 nhiéu nhidu va 16i bo truyén
dong. B quan sat udc lugng 161 trén co s bu nhidu duoc thiét ké dé ude tinh
cac 16i ctia co cau chap hanh. Sau d6, mot chién lugc diéu khién kha ning
chiu 161 hiéu qua dugc dé xut bang cac phuwong phap ma tran khoang va bu
cuc bd nhiéu. Piéu kién du cta sy 6n dinh tiém can cua hé sai sd uéc luong
va hé thong vong kin dugc suy ra dua trén 1y thuyét Lyapunov. Két qua mé
phong va phan tich cho thay tinh hiéu qua ctia phuong phap duge dé xuat.

Ngoai ra con c6 cac cach tiép can, chién lugc, phuong thic diéu
khién khac di duoc phat trién nhu: kiém soat d6 phang cuia dai can ngudi
dua trén t6i wu héa hai 16p [54,55], diéu khién Backstepping sir dung bo
quan sat nhiéu [56]....

Tir cac phan tich trén day cho thiy da c6 nhiéu giai phap duoc dé xuat
va 4p dung cho hé thong truyén dong nhiéu dong co ¢ lién két dan hoéi. Tuy
nhién, khong c6 mot cach thic nao dap tng moi yéu cau chat lugng cia hé
théng va dugc coi 1a chuan k¥ thuat chung trong moi trudng hop. Mdi phuong
phéap diéu khién c6 nhitng wu nhugc diém riéng, chang han: Bo diéu khién
PID don gian nhung chét luong diéu khién khong cao do quan hé giita luc
cing va tbc do gay ra. Bo didu khién bén vitng dam bao hé thong lam viéc on

dinh bén vimg véi nhidu va cac yéu td bat dinh. Tuy nhién, né chi phu hop
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v6i su thay doi cac tham sb vat Iy cua hé thdng trong mot pham vi nho.
Phuong phép diéu khién t6i wu da bién gilp giam thiéu cac tac dong chéo,
nhung d6i hoi mot moé hinh chinh xac va phai do luong duoc cic thong sb.
Céac phuong phép diéu khién thong minh nhu logic mo, mang no-ron, diéu
khién thich nghi sir dung b0 quan sat s¢ kho hién thuc hoa va tdn nhiéu thoi
gian tinh toan. N6 khong thich hop voi diéu khién thoi gian thuc.

Véi sy phirc tap cta hé truyén dong nhiéu déng co c6 chira phan tir
lién két dan hoi, cac nghién ctru van dang tiép dién nham tim duoc cac giai
phap dap mg t6t chat lugng diéu khién, thi tuc tinh toan du don gian va dé
dang hién thuc hoéa. Vi vdy, dudi ddy nghién ctru sinh s& tién hanh xay
dung mo6 hinh nghién ctru va dé xuat thuat toan téng hop bd diéu khién cho
hé thong nay.

1.3. Xay dwng mé hinh hé truyén déng dién nhiéu déng co cd chira phan
tir lién két dan hoi
1.3.1. M6 ta bing tai dan héi dang vong kin

Mo hinh duoc dé xuit nghién ctu 1a hé truyén dong dién hai dong co
khong dong bo lién két voi nhau boi bang tai dan hoi dang vong kin, ¢6 cau
trdc chung duoc chi ra trén hinh1.6, gdm céac thanh phan chinh: Cac dong co
(Motors), bién tan (Inverters), bang tai, tang thio quén, cac loai cam bién
(Encoders, Loadcells) va hé théng diéu khién (Control system).

Viri F; Vo F>
Q O
J Béng tai L
(2 (o1 )
L1 ( T
Bien Bien
tan tan @
@, 7y ’ = 2
B | Hé thong diéu khién, giam sat —
Bo PK u S = . Bo DK -
| theds [€ trung tam " técds [

Hinh 1.6. Cdu triic tong qudat hé thong diéu khién truyén dong hai déng co

lién két béi bang tai dan hoi
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Bing tai dan hdi dang vong kin dugc khao sat trén hinh 1.7, c6 khi
luong va d6 ctg phan bb déu, voi m,- khdi luong phan dan dong lién két voi
dong co, tap trung tai diém X=X =0, con m,- khdi luong cta bing tai tap
trung tai diém X = X, , ban kinh c4c tang quén bang nhau va khong thay ddi trong
qua trinh hé théng lam viée (R, = R, =Const), dugc mé ta boi phuong trinh [16]:

L [u(x.t)]= p(x) 82L(13i>2<,t) = 8225()2(’0 =f(x,1);,0<x<1,t>0,p(X)>0,E>0, (1.2)

voi diéu kién ban dau:

u(x,t) |t:O: UO(X);% |t:0: ul(x) , (1.3)

va diéu kién bién:

ou(x,t) L= ou(x,t) |
X x=0 8X x=11

trong d6: L, - toan tir vi phan; u(x,t) - do dich chuyén ciia diém trén bang tai

U0 Lo =u(X, ) |5 (1.4)

cd & toa d0 X va thoi diém t nao dé; E =const - mod dun dan hoi cia phﬁn tor
dugc khao sat; U, (X),u,(X) - do dich chuyén va toc do dich chuyén ciia mit
cit phan tir dan hoi tai toa d6 X va thoi diém t=0; f (x,t) - tic dong dau vao
theo khdng gian, thoi gian; p(x) - mat do vat chat ciia phan tr dan hoi theo
toa d0 X, c6 thé duoc tinh thong qua cac thanh phén khoi lugng M, g véi

toa do X, theo biéu thuc:
p(X)=p +Zmi5(x_xi)’ (1.5)
i=1

v6i p, =const 1a mat do cta phan tir lién két dan hoi khi khong mac tai.

Bang tai
%
i~y
!
L]
H

/

xl=x,=0 X=X, X

Hinh 1.7. M6 hinh khdo sat béing tdi dan hoi dang vong kin
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Ham truyén dat chuan hoa W {mg véi (1.2) 1a nghiém cua hé phuong
trinh [16]:

L= [+ Ym0t %) W, 9) - e g)

W (0,&,5) =W (l,&,s) , (1.6)

dW(0,&,5)  dW(l,&,s)
dx  dx

N

;0< &<,

Voi: L- toan tir vi phan; 77, =m, / p;; s=s/a; W =aW: a’=E/ p,. St dung
phép bién doi Fourier roi rac N, d6i voi ham truyén dat W (x) (chuky T =1)
dang:

|
W, = N, [W (x)] :%_[W(x)e‘mxdx;a)k =27k /1,k=0,41,42,..., (L.7)
0

va cé4c két qua tinh toan trong [16], chdng ta nhan duoc:
o] ej@Z

W) =(x—£) =5 Y W ()0 (x-X):0(D) =1 3 = T 09

i=1 k=—o0

Thuce té, gan nhu khong thé xac dinh duoc su bién thién cta ham trang
thai dau ra (luc cang, van toc dai) cia bang tai trén toan bo khong gian biang
tai va theo thoi gian. Vi vay, dé don gian bai toan dén mac c6 thé st dung céc
co s& ly thuyét cua hé tuyén tinh dirng ma van bao luu céc tinh chat dic trung
cua hé cd tham sé phan b, bang tai khao sat duoc chuyén vé hé hai khoi
lwong (n=2) nhu trén hinh 1.7. Piém dau ra chinh 13 vi tri bang tai c6 toa do

X, va khoi luong m,. Sau khi thay thé cac toa do (X, X,) vao (1.8), chung ta

s& xac dinh dugc cac hang s6 W () [16]:

{w (O)[L+ s’ @(0)] +W (%,)s°7,(x,) = D(0) (1.9)

W (0)52771@()(2) +W(X,)[L+ 32772CD(0) =D(X,) |
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Thay W(0), W(x,) vao (1.8), chiing ta nhan dugc ham truyén dat biéu
dién méi lién hé giira luc tai diém c6 toa do X, =0 va khéi luong m, (F,(0,s)
(véi van toc tai diém c6 toa d6 X, va khéi lwong m, (V,(X,,S)) [16]:

W, (s) =W (x 03):Vﬂ(x2’5)=vﬂ(5) _ g.sh(s)ch(4s)
dt TUTOR09) Fi(9) sh's+ s (ch’s —ch®2s) + (u, + 4)sh(2s)

, (1.10)

trong d6, w=nll=miIm w,=n1l=m,/m B m =pl - khéi luong
bang tai; q=1/2a- hé so truyén cia phan tir dan hoi, con A =1-2x, /1 - toa
d6 khong gian dau ra cua hé. Con ham truyén dat lién hé gitra luc trén tang quan
chi dong (F,(0,5)) va van toc ciia n6 V,(0,S) @ing véi cac toa do vao — ra:
X, =¢=0;X,=0, cé dang [16]:

2c _ ph2
W (5) =W (0, 0,s):Vd (0,s) :Vd () — q[sh2s +su,(ch’s czh /132)] @1
F,(0,8) F,(s)  sh®s+(uy+ 14,)8.8h2s + 1 11,8°(ch’s —ch°As)

1.3.2. So' d6 cau tric dong co khong dong bd véi roto ngin mach trong hé
toa do quay (d, q):

H¢ toa do quay (d,q) voi tdc do o, dugc dinh vi theo véc to tir thong roto
¥,. Khi o_=w, va truc x cia hé toa do quay (x,y) dong nhat véi véc to tir
thong roto ¥, trén truc ctia hé toa do truc giao (d,q) (¥, =‘@z‘,‘l’2q =0), cac
phuong trinh dién 4p cua dong co khong ddng bod véi roto ngan mach s& cO
dang [3-5, 21,22]:

d = Ild+S'\Pld_wxc'\qu

R -
a R1~Ilq+s-‘qu+a)m-‘qu
-
-

=

‘ (1.12)

2" lad +S"Pzd

U
U
0
0

I
O O

, 2q+S-‘P2q+(a)KC—a) )- ¥,y

Hé (1.12) duoc biéu dién nhu trén hinh 1.8 twong wng Vai cac biéu thirc

tinh ton tir thdng tong trong hé toa do bat ky:
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{? =Ltk T (1.13)
Yo=L,-l+L, - Is

trong d6: L =L _+L, - dién cam tuong duong cua cudn day stato;

L, =L, +L, - dién cam twong duong cua cuon day roto; L, - dién cam tan cua

cuon day stato; L, - dién cam tan quy doi vé stato cua cuon day roto; L, -

dién cam tong duoc tao nén bai tir thdng tir trong khe ho khéng khi cia may.

L c6 thé duoc tim

o! ™m

Céc thong s6 cua dong co khong ddng bd R, R, L, L,

thay trong mot sé tai liéu hodc duoc xac dinh bang tinh toan.

=3 L

|
X _ 2
- ‘Mg (1 —or) -Woq
I Ry Lis Lo,
o — O ) A = )
A — NG \_ +
[] "
U Lm
2
v |
e 29
b

Hinh 1.8: Cdc so dé thay thé ciia déng co dién khong dong bé véi roto ngdn
mach trong hé toa do quay (d,q) voi toc @ @ dwoc dinh vi theo vée to tir
thdng roto ¥:: a- theo truc d, b - theo truc q

Néu hé toa do (x,y) quay dong bo voi toc do tir truong stato (o, =)
truyc X tring véi vec tor tir thong ¥, va c6 tinh dén hé thuc:

‘?z‘z‘PZX =¥, ¥, =¥, =0, thi h¢ cdc phuong trinh mo ta sy lam viéc cua
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dong co dién khong dong bo véi roto ngan mach trong hé toa do quay dong

bo véi the do tir truong trudng stato o_ =, €6 dang:

R,-L,
Uld:Rs-(T3-S+1)-I1d—2T-‘P2d—a)KC-O'-LI-Ilq;
2
Lm
Ulq:R3-(T3-s+l)-Ilq+a)KC-a-L1-I1d+L—-Zp-a)-‘P2d;
2
0=(T,-5+1)-W,g — L, ly;
R, |
a)KC:Zp-w+Lm Ry i ; :
LZ lIIZd
3 L, _
Me:E.L—Z.Zp.lPZd.Ilq,
1
wo=—-M,-M
J-s( .~ M)
(1.14)

trong d6: U,, =U,, =U,- thanh phan dién dp hi¢u dung cta stato co gia tri
khong doi trong hé toa d6 (d,q) quay dong bd véi trudng stato, dinh vi theo tur

théng roto ‘¥.; 1,,1,- cac thanh phan dong stato trong hé toa do (d,q);

W, =[.| - thanh phan tir thang roto theo truc d trong hé toa do (d.q).

Con so dd cdu trac dong co dién khong ddng b vai roto ngan mach
duogc thuc hién trong hé toa d6 quay (d,q) dinh hudng theo véc to tir thong
téng cua roto twong tng véi hé (1.14) dugc minh hoa trén hinh 1.9. Cc lién
két phan hoi ¢ dang phi tuyén chéo nhau, dugc lay ra tir so do thay thé hinh
1.8 va cac phuong trinh dién ap stato cua h¢é (1.14):

{um =R, (Ty-s+1)- 14—,

: 1.15
Uy, :Rs-(T3-5+1)-I1q+eq ( )

véi cac thanh phan suat dién dong bén trong ciia dong co di vao stato ¢d dang:
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R, -L,

2

— m
€ = 'T2d+wxc'o-'|—l.llq

(1.16)

L,

— m
€, =w. o-L-1, +L—-Zp-a)-‘I’2d

2

véi sut ap trong mach roto:

R,-L, R,-L, (L L
2 oy, =2 (], g ) =Ry | Tl 0 1.17
2 5 (L g+ L 1y) (Lz +L2 j ( )

.o-L-1, VA @, -o-L -1, - cic thanh phan suat dién dong tu cam;

o déy: ,

KC

\ L /\ A A . \ \ \ A
con .z -w-¥,, - suat dién dong quay di vao stato nho tir thdng roto.

ro | s

Ly lmc
_ (*) - :
=Uyy ‘5_) )/Ra . _ 2d @ﬁ 'LT’:-:F Mg M{} J_:s (0]

(*)

Ea

Y
A

%Sﬁ /RB )
Tys +1
L] F‘Xﬁ
Hinh 1.9: So dé cdu triic dong co dién khéng dong bé véi roto ngdn mach
trong hé toa dé quay (d,q) véi lién két phan hai phi tuyén chéo nhau
Néu trong hé bién tan - dong co c6 hd trg bl cac thanh phan suat dién

dong e, Vva e, thi so d6 cau triic dong co dién khong dong bo trong hé toa do
quay (d,q) dinh huéng theo véc to tir thdng tong cua roto c6 thé dua vé dang

nhu trén hinh 1.10.
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Uk d U / o[
——3{ Wpy(s) Ry o
Tas 1 TES +1
Uqu U1q / |1q
—3{ I, (s Ry
TSS +1

Hinh 1.10. So dé cdu déng co dién khéng dong bé trong hé toa dg quay
(d,a)

(U, ,Ulq - Dién 4p hi€u dung cua Stato trong hé toa d¢ (d,q) quay d@)ng bd véi truong
Stato; |y, Iy, - Dong dién Stato trong hé toa do (d,q); W, - Tir thong Roto theo truc d trong
hé toa dd (d,q); W, (8),W,,(S) - Cac bo diéu khién dién ép).
1.3.3. Céu trdc hé truyén dong dién hai dong co khong ddng bé co chira
bing tai dan hdi dang vong kin

Tir ham truyén dat mo ta bang tai dan hdi da nhan dwoc trong muc
1.3.1 va md hinh cau tric dong co trong hé toa do quay (d, ) (hinh 1.10)
duoc dan ra trong muc 1.3.2, so d6 cau tric téng quat caa hé truyén dong dién
hai dong co khong ddng b lién thudc nhau bai bang tai dan hoi (1.11) duoc
chi ra trén hinh 1.11. Hé thng diéu khién cho mdi dong co ddc 1ap nhau gom
hai vong diéu khién: tir thong va téc do. Vong diéu khién tir thong gdm vong
lap dong va vong lap tir thong véi W4, W, - BO diéu chinh dong dién va tir
thong twong tng, con vong diéu khién tbc do gdbm vong lip dong va vong lap
téc do vaoi Wy, W, - BO diéu chinh dong dién va téc do tuong ung, trong do
van toc dai cua bang tai duoc léy ra tai dau truc dong co s€ dugc dua vao

mach hdi tiép caa vong Iap toc do.
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1.4. Thiét 1ap van dé nghién ctru

Nhu vay, viéc xay dung hé théng diéu khién cho hé truyén dong dién
chtra bang tai lién két dan hoi s& kho khin hon nhiéu do sy phuc tap cia ham
truyén dat mo ta bang tai dan hoi (1.11) xuat hién trong mach hdi tiép cua
vong lap téc do, c6 chira céc thanh phan quén tinh va siéu viét. Van dé nay
thuong chi duoc giai quyét bang cach két hop nhiing nghién ctu chuan tic
cua ly thuyét diéu khién chung va céc giai phap khdng chinh tc.

Céc phuong phap diéu khién d3 phan tich trong muc 1.2 déu cé nhiing
wu nhuge diém riéng va chi phi hop trong cac trudong hop riéng khi tong hop
cac vong diéu khién cua hé théng truyén dong dién nhiéu dong co c6 chira
bang tai dan hoi (hinh 1.11). Vi vay can tim kiém cac phuong phap diéu khién
khac sao cho vira tinh dén su phan bd cua cac tham sé cia dbi tuong didu
khién, vira tan dung duogc cac phuong phap kinh dién da biét.

Phuong phap “roi rac dau cubi” thao tac tryc tiép trén mo hinh goc cua
d6i twong (1.1), (1.10), (1.11) va chi thyc hién viéc xap xi & cong doan cudi
cling nham dat duoc két qua rat gon theo hudng diéu khién da dinh [57-62].
Tuy nhién viéc thao tac véi cac phan thuc hitu ty bac cao va cac ham quan
tinh va siéu viét c6 thé gap phai nhimg kho khin khong thé khac phuc duoc.
Cach kha thi nhat dé giai quyét van dé nay la chuyén dén cac phuong phap sé.
Trong cac diéu kién ciia phép noi suy, ¢ thé chia phuong phap nay thanh bon
phuong an chinh sau day [62]:

1. Cac diém nGt noi suy phan bé trén toan mat phang phac [63]. Khi
nay, ham W, (x,£,5),5=36+ jo c6 chua ca bién thyc va ao. Vi vay, can phai
tinh gia tri cia cac bién 5, @,i=12,... va ca ham W, (x,&,s;). Do d6, dung
luong tinh toan sé rat lon ma thyc té 1a khéng kha thi. Tinh hudng nay co thé
duoc khac phuc bang viéc 1am tring cac diém cuc cua hé thong tham chiéu va

hé théng duoc tong hop. R3 rang, nhimg kho khin s& ting 1én néu st dung
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phép noi suy trén toan mat phang phuc trong truong hop ham mé ta hé théng
c6 chira cac thanh phan quan tinh va siéu viét.

2. Tat ca cac diém nGt noi suy phan bd trén truc 40. Cach nay thuc chét
la tong hop trong mién tan sb. N6 gap kho khin khi thao tac voi ham
W, (X,&, j®) c6 chtra cac thanh phan quén tinh va siéu viét [64] do xuét hién
c4c tan s6 cong huang. Do viy, phuong an nay khong co trién vong dé tong
hop cac hé théng cd tham sé phan bd.

3. Su dung diém nat kha wdc ¢ goc toa do. Ban chat cua cach nay la
ding xap xi Pade va chudi liy thira [65,66]. Tuy nhién viéc phan tich cac
thanh phan quén tinh va siéu viét thanh céac chudi hoi tu 1a van dé phuc tap va
d6 chinh xac tong hop khong cao.

4. Tat ca cac diém nit noi suy nam trén truc thuc [67]. Pay 1a phuong
an 16i cuén va ¢ trién vong trong viéc tong hop cac hé thong diéu khién cho
16p dbi twong, dugc MO ta bang cac ham truyén dat c6 chira cac thanh phan
quén tinh va siéu viét (1.10), (1.11). Viéc lya chon cac diém ndt ndi suy trén
truc thuc sé& khac phuc han ché caa cac phuong an ké trén [68-72].

Tir nhitng phan tich ké trén, luan an s& dé xuit va thiét 1ap cac co so
tmg dung phuong phap noi suy thuc tinh toan va hiéu chinh tham s6 bo diéu
chinh cho hé truyén dong dién co so dd cAu tric nhu chi ra trén hinh 1.11, véi
cac ndi dung chinh dugc xem xét bao gém:

1. Phan tich, danh gia wu nhuoc diém cta cac nghién ciu trong va ngoai
nudc khi xay dung hé théng diéu khién cho déi twong c6 tham sé phan bd néi
chung va hé truyén dong dién nhiéu dong co c6 lién két dan hoi ndi riéng.

2. Xay dung md hinh hé truyén dong dién nhiéu dong co co lién két dan
hoi. P& xuat va hién thuc hoa trén may tinh thuat todn wdc luong ham truyén
dat md ta bang tai dan hoi bang phuong phap noi suy thuc.

3. Tong hop cac vong diéu khién cho hé truyén dong dién tu dong nhiéu
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dong co cd chtra bang tai dan hdi trén co so ung dung phwong phap ndi suy
thuc. Md phong, danh gia hé thong sau tong hop trén may tinh

4. Tinh toan, xay dung md hinh thuc nghiém hé truyén dong dién hai
dong co chii dong lién thudc nhau boi bang tai dan hdi dang vong kin.
1.5. Két luén chwong 1

Trong chuong 1 cua luan an, nghién ctru sinh d3 tién hanh phan tich tong
quan, danh gia uu nhugc diém caa cac phuwong phap khac nhau diéu khién ddi
tuong c6 tham sd phan bd ndi chung va hé truyén dong nhiéu dong co noi
riéng. Dua trén mo ta toan cua bang tai dan hoi dang vong kin va so dd cau
tric cua dong co khong ddng bo, nghién ctru sinh di thiét 1ap md hinh ciu
tric hé théng diéu khién cho hé truyén dong dién hai dong co co tinh dén anh
huong cua bang tai dan hoi duge dua vao mach hoi tiép ctua vong diéu khién
tbc do6. Pé xuat phuong phap ndi suy thuc 1a phuong phéap tong hop co ban
dugc st dung va hinh thanh cac ndi dung chinh ctia luan an s€ dugc nghién

ctru trong cac chuong tiép theo
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Chwong 2

UOC LUQNG HAM TRUYEN PAT MO TA CAC POI TUQNG CO
THAM SO PHAN BO

Nhu d3 phan tich trong muc 1.3, viéc mé hinh hoa bing tai dan hoi
duoc thue hién tai cac toa do dau ra cb dinh trong khong gian. Diéu nay s¢é
lam don gian viéc mo hinh hoa ddi twong diéu khién ma van bao luu cac tinh
chat dic trung ciia d6i tuong c6 tham s6 phan bd. Tuy nhién, ngay ca lam nhu
vay, ham truyén dat mé ta ddi tuong tai cac diém riéng biét trong khong gian
van chua cac thanh phan quan tinh va siéu viét (1.11), tao ra nhimg kho khan
trong viéc tong hop hé thong diéu khién.

Thong thuong, dé tong hop cac hé thong diéu khién cho 16p ddi tuong
nay, nguoi ta thuong thuc hién thay thé mé hinh gbc (1.11) bang cac mé hinh
v6i tham sb tap trung. Thuc chat 1a xdp xi ham truyén dat (1.11) bang cac
phan thirc hiru ty. Nhuoc diém ciia cach nay 1a lam tang sai s6 tinh toan do c¢6
cong doan xap xi trung gian va lam mat di cac tinh chat dic trung cua hé
théng c6 tham s phan bd. Tuy nhién, viéc tong hop hé thdng theo cach nay
s& don gian hon rat nhiéu va c6 thé tmg dung cac co s Iy thuyét cho hé tuyén
tinh da dugc nghién ctru toan dién.

Céc phuong phap udc luong ham truyén dat (1.10), (1.11), duoc xem xét
trong nhiéu nghién ctru trude ddy da cho nhiing két qua tich cuc. Nghién ciru
[73,74] @& cap van dé xap xi hoa st dung cac da thirc Chebyshev, con [15] st
dung céc da thirc Bessel. Phuong phép wéc luong phd bién 1a ung dung cac
chudi hoi tu va xdp xi Pade [65, 66]. Tuy nhién, viéc phan tich ham (1.10),
(1.11) thanh cac chudi hdi tu gip nhiéu khé khan do sy phirc tap ctia no, ddng
thoi 1am ting sai s6 wéc lugng. Phuong phéap tan sd co nhitng han ché nhat

dinh lién quan dén viéc chuyén ham ban dau (1.11) theo bién phirc vé dang c6
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d6i sb thuc [57]. Phuong phap ndi suy thue (RIM) cho phép chuyén dbi theo
cac quy tac kha don gian va thao tac trén cac ham c6 ddi sé thuc ma khéng
kém theo nhitng khé khin tinh todn dang ké nao [68-72]. Vi viy, chuong nay
cua luan an s€ phan tich va thiét lap thuat todn udc luong ham truyén dat
(1.10), (1.11) dya trén co so cia phuong phap nay.
2.1. Phwong phap noi suy thwe (Real Interpolation Method - RIM)
Phuong phéap ndi suy thuc co lién quan dén 16p cac phuong phap thao
tac trén cac mo hinh trong mién anh, né thuan loi hon so véi thuc hién trong
mién thoi gian. Ban chat va nhiing dic diém cua phuong phap duoc hinh
thanh dua trén co s¢ cua phép bién doi Laplace [68]:

F(s) :T f(te™dt, s=0+ jo, (2.1)

Véi: F(s)- ham anh; f(t)- ham gdc; S - bién phtc. Mot truong hop riéng
cua bién d6i (2.1) 1 bién phic s bi suy bién thanh bién thuan thuc s =4, khi
phan a0 bang khong « =0, lic nay biéu thic ban dau (2.1) tra thanh:

F(5) = T f (e tdt. (2.2)

Truong hop nay tuy khong dugc xem xét rong rdi nhung co uvu diém:
ham anh F(5) c¢6 doi s thuc. Diéu kién ton tai va don tri cia ham F(5)
duoc xac dinh bai sy hoi tu cua tich phan (2.2). Déi vai cac hé théng tuyén
tinh dimg, diéu kién nay dugc thoa méan khi & >0 [68,69]. Trong truong hop
ham f(t) 1a mot dic trung dong hoc theo thoi gian cua hé thong chang han,
dic trung qua do xung f (t) = k(t), thi tich phan (2.2) chinh 1a ham truyén dat
thuc (F(5) =W (5)).

Viéc s6 hoa phuong phap tinh toan phai ¢ cac md hinh caa hé thdng
khong chi ¢ dang cac ham giai tich nhu (2.1), (2.2), ma con & dang cac chudi

s6 ¢6 quan hé don trj v6i cac ham lién tuc cua ching.



31

2.1.1. Pic trung s cia tin hiéu lién tuc

Pé nhan dugc cac mo hinh sé twong Gng véi ham lién tuc ban dau,
trong RIM st dung phuong phap ndi suy. Theo cach nay nguoi ta cho cac
diém nut noi suy 6,(i=12,..,n7) va tim gia tri F(5,) cua ham thuc F(5)

twong ung. Cudi clng, ching ta nhan dwoc tap gia tri {F(§i)}n(
{F(8)}, ={F(8),F(5,),..F(5,)}), dugc goi la dic trung s6 cia ham F(5)
cOn s6 C4c phan tir 77 chinh 14 d6 dai cua dic trung s6 {F(éi)}77 [68].

Viéc chon cac diém ndt noi suy 13 bude dau tién khi chuyén tir ham
thuc lién tuc thanh dang roi rac twong tng. O cdng doan nay can giai quyét
hai van dé&: xac dinh quy luat phan bd cac diém nat va cac can cua khoang
bién thién cac diém ndt, tac 1a khoang xac dinh cac diém nut. Trong truong
hop chung, viéc xac dinh quy luat phan bé cac diém nat 1a mot bai toan phic
tap, chi it quy luat phu thudc vao cac diéu kién ban dau, tiéu chuan danh gia
d6 chinh xac cua 10 giai va cac diéu kién chua biét nao d6. Pon gian hon ca
nguoi ta str dung quy luat phan bé diém nut déu [69]:

5 =i6,i=2,7. (2.3)

Véan dé thir hai nim & viéc lua chon khoang phan bé cac diém ndt.
C6 nhiing thong tin ban dau nhat dinh dé chon khoang phan bé diém nat.
Thuc chét, viéc xac dinh khoang phan b diém nat chinh 1a lva chon cac

gia tri clia diém ntt dau &, va cudi S, cia khoang. Piém nit dau thuong
duoc chon bang khong, né xac dinh gia tri cua phan tir dau tien F(0) cua
dic trung s§ F(5), i=i,7, p=m+n+1. Biém nat cudi &, xac dinh can
trén cua khoang thay doi thuyc cua ham F(J), duoc tim bang cach giai

phuong trinh:
F(s,)=(0.1+0.2)F(0). (2.4)
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Trong trudng hop bac cia da thuc tr m va mau n bang nhau (m=n),
dai luong o, chinh la nghiém cua phuong trinh:
F(5,) =(0.1+0.2)[F(0) — F(o0)] + F(<0). (2.5)
Céc dic trung sd phai c6 mdi lién hé don tri voi ham thuc, tic phai ton
tai cach thic nhan duoc ham thuc theo cac dic trung sé cua nd. Mdi lién hé
nay duoc thiét 1ap boi hé phuong trinh dai s6 tuyén tinh.

b.o"+b 5"t +..+b,
aso'+a O +..+ad +1

F(3)= i=17. (2.6)

Hé (2.6) cho phép tim cac hé s6 cia ham F () theo cac dic trung sb
{F(3)},- Tham s6 7 lién hé véi s6 cac hé sb chua bit trong ham F(5) boi
hé thuc

n=m+n+1, (2.7)
s& lam cho hé (2.6) xac dinh va c6 nghiém duy nhat [20].

Pé luya chon cac diém nGt &,i=17 cin phai tinh dén cac tinh cht
dong hoc caa hé théng duoc khao sat. Su khong xac dinh nay c6 thé duoc bu
trir bang phép lap theo cac diém nit noi suy khac nhau. Nhu vay, két qua cua
phép lap thi nhat duoc ding & cac phép lap tiép theo dé thay doi cac tham sb
ban dau nham dam bao sai s nhé hon.

2.1.2. Tinh chat chéo nhau ciia phép bién d6i tich phan thue
Trong phép bién d6i (2.2), khi gan cho bién thuc § mot gia tri bat ky

§=4,, ching ta nhan duoc: F(5;) = f(t)e™dt. Vsi gid tri &, du l6n toi
0
mG¢c ma ngay tai cac gia tri t nho thi ham exp(—-dJt) va ca biéu thuc tim

dugc ciing rat nho c6 thé bo qua. Nhu vay, gia tri cta tich phan F(o,) chi

tinh dén khoang dau cua ham. Piéu nay cho phép str dung cac diém nat noi

suy dé hiéu chinh 1oi giai: Viéc ting d6 chinh xé&c cua 10i giai trong mién thoi
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gian tai cac gi4 tri nho cua t c6 thé dat duoc bang viéc ting gid tri cua cac
diém nat noi suy. Nguoc lai dé tang do chinh xac trong mién thoi gian tai cac
gia tri t 16n can phai giam gia tri cia cac diém nat ndi suy J,. Nhu vay, ton
tai mbi quan hé giira ham gdc tai c4c gia tri nho/lon cua t va ham anh tai cac
gia tri lon/nho caa &. Méi quan hé nay phan anh tinh chat quan trong cua
phuong phap ndi suy thuc, né duoc goi 1a tinh chat chéo nhau va phi hop voi
phép bién d6i thuc. Diéu nay cho phép nhan duoc 10i giai gan dung khi tong
hop cac hé thong diéu khién tu dong, bang cach thay d6i cac diém nit noi suy
dé hiéu chinh va phan b lai sai s6 tong hop trong mién thoi gian. R6 rang 1a
khong thé thay doi riéng ré mdi diém nut sau d6 danh gia sy thay doi cua sai
s6. Vi vay can chon cac quy luat phan bé diém nat nao d6 da biét va thay doi

dong thoi cac diém nut theo budc nhay AS =65, -5, j=1,2,... N6 dugc coi

la mét bién cong cu, cho phép hiéu chinh sai s6 dé dat dugc 11 giai tot nhat
theo tiéu chuan danh gia da chon.
2.2. Co sé wée lwong ham truyén dat méd ta cac doi twong cé tham sd
phén bo biang phwong phap ndi suy thue
Vén dé dat ra 1a can tim mot biéu thire dang phan thic hitu ty:
bs"+b, s""+..+bs+b,
as"+a s +..+as+1l’

W, (s) = (2.8)

dai dién cho ddi twong diéu khién on dinh, tuyén tinh bat bién theo thoi gian,
cd cac tham sd cAu tric m,n va cac hé sb ai,bj (i :1,_n; J =O,_m), Xép xi voi
ham truyén dat gbc (1.10) hodc (1.11):

W, (s)=W,(s), (2.9)
v6i sai 86 (A) nao d6, duge xac dinh theo tiéu chudn cho trude. Biéu thirc
(2.9) 12 dang mé ta chinh tic d6i v6i viée xap xi ham theo mot phuong phap

bat ky.
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Pé xac dinh W, (S) theo RIM, trudce tién (2.9) duoc chuyén vé dang thuec:
W, (8) =W, (5). (2.10)

Viéc chuyén d6i nay 1a cong doan quan trong cua bai toan xap xi hoa.
Véi cac dbi tuong on dinh, viéc chuyén nay duoc thuc hién béng cach thay
thé hinh thtc bién phic S bang bién thuc &, con véi cac dbi tuong khong on
dinh, viéc nay dugc thuc hién kém theo diéu kién & >0.

Tiép theo, x4c dinh dic trung sb clia cac ham thuc W, (8). W, (5), thiét
lap va giai hé phuong trinh ¢6 chira cac hé sb can tim ai,bj (i :1,_n; ] :O,_m)
[70,71]:

(W, (6)], =W, (3)},.0ni=17. (2.11)

Pé thiét 1ap hé (2.11) can giai quyét ba van dé:

- Thir nhét, xac dinh sb cac diém nuat ndi suy 77 cia dic trung sb. Gid tri
7 bang s6 céc hé sb can tim cua ham W, (5): 7=m+n+1. Ngoai ra, c6 thé
dung cac thong tin tién nghiém day du hon vé ham W, (s) dé nhan dugc cac
dic trung s6 nhiéu hon s6 hé sd can tim: 77 >m+n+1. Piéu nay cho phép dat
dugc do chinh x4c xap xi 16n nhét c6 thé. Kha nang nhu vay rat quan trong vi
sai s udc luong cac ham truyén dat phuc tap (1.10), (1.11) bang phan thirc
hiru ty thuong kha cao.

- Thir hai, xéc dinh khoang ndi suy[ 5,8, |. Viéc nay dugc thuc hién dya
trén tinh chat chéo nhau cta phép bién doi tich phan thuc. Tir viéc phan tich
d6 thi phu thudc ctia ham truyén dat thuc W, () (Hinh 2.1) cho thiy gia tri
ham chi bién d6i nhiéu trong khoang bién thuc gan 0, diéu ndy méi c6 nghia
khi thyc hié€n phép ndi suy xac dinh cac tham s6 ctia ham truyén Xép xi W,(S),

con & dai bién thuc 16n gia tri ham thuc W, (5) hau nhu khong thay doi va
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bang 0. Nhu vay khoang noi suy [51,5,7] duoc chon ma & d6 c6 su bién thién

manh nhat gia tri ctia ham W, (0) . Thong thuong, voi cac d6i tuong on dinh,
can dudi 8, dugc chon bang khong, con trudng hop chung can dudi cia
khoang phan bd diém nut duwoc chon 1én hon khong [69], con can trén o,
dugce tim tir diéu kién:
W, (8,)=(0.1+0.2)W, (0) | 212)
W, (8,)=(0.1+0.2)[ W, (0) =W, (o0) |+ W, (o)
Gid tri W, (0) chita céc thong tin vé tinh chat tinh ctia di twong, khi nay
hé sb b, ¢ thé tim dugc tir phuong trinh tinh, hoac dua trén dac trung bién do

tAn s& A(w) =W, (jo)| [69]:

20*Ig( A(w))+20*1g @

b, =W, (0);b, =10 20 : (2.13)
Viéc giam cac hé s6 can tim s& giam dang ké dung luong tinh toan.

w.(0)

W (0)

0 0, o

n

B
Lol

Hinh 2. 1. Sir bién thién cia ham truyén dat thuc W, (0)
- Thit ba, x4c dinh quy luat phan bd cac diém nit noi suy §,i =1,77. Viéc
xac dinh budc ndi suy AS xuat phat tir luat phan b6 diém nut ndi suy duoc
chon. Vi phan bd déu, budc ndi suy AS va gia tri cac diém nut J,,i =17

dugc xac dinh theo cong thirc:
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S5 S . —
AS="1:5 =i—Li=1n—1, (2.14)
7 7

Viéc chon quy lut phan bd cac diém nuat ndi suy khong cé 101 giai duy
nhit. Cac luat phan bd khong déu cho phép ting do chinh xac wdc luong
nhung kho thiét 14p ching.

2.3. Panh gia sai s6 wéc lwong

Mot van dé can xem xét d6i voi mo hinh xap xi nhan duoc 1a thiét lap
tiéu chuan xac dinh sai s6 udc luong. Viéc danh gia nay cé thé duoc thuc hién
theo nhitng cach co ban dudi day:

2.3.1. Ddnh gid sai sé trong mién thoi gian

N6i chung viéc thiét 1ap tiéu chuan danh gia d6 chinh xéac theo cac dic
trung trong mién thoi gian duoc uu tién hon ca, do chiing c6 tinh truc quan
cao va cho phép udc luong céac chi tiéu chat lugng. Dé xac dinh sai sd, chung
ta thiét 1ap ham biéu dién sai léch:

Ah(t) =h, (t)=h,(t),t e (0,%0), (2.15)

. W, (s NPT
gilra cac dac trung qua do ctia mo hinh goc hy, (t) = E{%} va mo hinh

. 4| W, (s . .
xap xi h, (t) =L l[%} nhan duoc tuong Ung vé1 mot tham s6 cau tric

m,n va b diém nut {5,}77 nhat dinh. Ham AN(t) cho phép chuyén dén uoc
luong sai 1éch bang sb. Viée chuyén doi nay co6 thé dugc thuc hién theo céac
tiéu chuan khac nhau, chang han nhu tiéu chuan binh phuong. O day, sir dung
dai luong sai I¢ch tuyét ddi cuc dai.

Ahzmtax‘hdt (t)—h, (1) <Ahg, (2.16)

v6i AN - sai s6 cho phép. Tiéu chuan (2.16) ¢6 wu diém dé thyc hién khi six

dung cong cu may tinh, dugc dung ngoai viéc danh gia sai s6 ciia mo hinh xap
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xi tng voi mot tham s ciu trac (M,N) va bo diém nat {5,}77 nhét dinh, con
duoc phat trién dé tim mé hinh udc lugng tdi wu, theo cac bd tham sé (M, n)
va {(Si}n khac nhau [69,72]:

Ah= max  |h, (t)—h,(t)|— min. (2.17)

t(mn){ai},

Khi thuc hién danh gia sai s6 udc luong theo (2.17) trén co s& phuong
phap noi suy thuc, viéc gidm sai s6 Ah c6 thé duoc thuc hién theo hai cach:
phuong an thir nhét thuc hién hiéu chinh bang cach dich chuyén cac diém nat
nd1 suy &,,i :l,_n dua trén tinh chit chéo nhau cta bién doi tich phan thuec,
con phuong an tht hai thuc hién udc luong véi cac tham sb cau trac (m,n)
khac nhau cua md hinh xap xi W, (s).

Tuy nhién, viéc xac dinh sai s6 ude luong theo tiéu chuan (2.16) hoac
(2.17) véi cac ddi tuong c6 tham sd phan bd co khé khin khong khic phuc
duoc, do khong ton tai bién doi Laplace ngugc ctia ham truyén dat gbc
W, (s) c6 chira cac thanh phan quan tinh va siéu viét [16]. Mot cach giai
quyét van dé nay la khai trién ham goc W, (s) thanh tong ctia mdt s6 bicu
thirc ma khong 1am thay d6i ban chat ctia ham goc. Tuy nhién, né chi thuc
hién duoc trong nhing truong hop riéng va co thé khong dap tng duoc sai so
yéu cau.

2.3.2. Pdnh gid sai so trong mién dnh

Phuong phap tan sé duoc st dung rong rai dé danh gid sai s6 khi xap xi
ham do tinh truc quan ctia cac két qua. Theo phuong phap nay, trude tién ham
W, (s) dugc chuyén thanh W, (j®), sau d6 cac phan thyc
P(w) =Re[W, (jw)] va 40 Q(@)=Im[W, (jw)] c6 dbi sb thuc @ duoc tich
riéng. Tuy nhién, viéc nay khong don gian véi ddi tuong cé tham sé phan bd

va thuong khong thé nhan dugc 101 gidi chinh x4c. Ngoai ra, viéc tinh toan do
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tiém cén cua cac dic trung tan sd, chang han L, (@) va L () gip khé khin
vi ham Ly (@) ton tai cuc tri tai cac tin sd nhat dinh [72].

Cach kha thi giai quyét van dé trén 1a ung dung phuong phap noi suy
thuc. Phuong phap nay lién quan dén cac ham anh thuc W, (5) va W.(J).
Thuét toan xap xi ham truyén dat W, (S) bang phan thirc hiru ty W,(S) dua
trén RIM doi héi phai chuyén cic anh phic W, (S),W.(S) thanh thuc
W, (8),W,(5). Tir day c6 thé thiét 1ap tiéu chuan danh gia do chinh xac xap xi
gitta W, (s) va W,(s) théng qua cac mé hinh W, (5) va W,(5) trong mién
thuc o :

AW (8) =W, (8) W, (5),6 €[C,x),C > 0. (2.18)

Viéc xéac dinh sai s6 xap xi theo (2.18) ¢6 nhitng wu diém nhu kha ning
biéu dién & dang dd thi, truc quan va tinh toan don gian. Ngoai ra, cac h¢ s6
ciia ham xdp xi W,(6) tim duoc theo phwong phap ndi suy c6 dic diém:
W, (8) =W, (8);8,,i=1,7. Vi vay gia tri cia ham AW (J) tai cc diém nut s&
bang khong AW (8,) =0;6,,i =1,7. Diéu ndy dua dén kha ning tim kiém mo
hinh uéc luong ti wu bang cach phan bd lai gia trj sai sé trén timg khoang
ndi suy[4;,8,,].i =1,77—1, chang han st dung cac da thitc Chebyshev [73].

Mot Gmg dung khac cta tiéu chuan (2.18) nam ¢ kha nang thiét 1ap chi
tiéu s6 danh gia mic do tiém can ciia ham géc W, (S) va ham xap xi W,(s).
Piéu nay cho phép thuc hién phép lap theo cac tham sd cdu trac cia md hinh
xap xi m,n va cac diém nut noi suy &,i =17 Kkhi can thiét dé ting do chinh
Xac xép xi dén mo hinh ude lugng t6i wu. Thuan tién hon ca, chung ta thiét
1ap tiéu chuan danh gia sai s udc lugng bang biéu thirc:

AW = max \AW(s)\ W, (5) W, (5)|,6 €[C,0),C>0. (2.19)

Si(m,n){s; ){5
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Cong thirc (2.19) thé hién sy vu viét khi thyc hién hiéu chinh sai sb xap
xi v6i phan bd déu cua cac diém nat ndi suy boi viée thay doi gia tri cua mot
diém nat s& 1am thay ddi cac diém nut con lai. Kha nang nay s& dugc xem xét
chi tiét trong bai toan x4p xi hoa ham truyén dat mo ta bang tai dan hoi (1.10),
(1.11). Chung ta thiét 1ap hai phuwong an st dung wéc luong (2.19). Phuong an
thir nhét dua trén dai luong sai s6 cho phép da biét AW, . Khi d6, bai toan
xap xi duoc giai quyét néu thoa man diéu kién:
AW <AW_. . (2.20)
Phuong 4n thtr hai tim kiém ham W,(5) tiém can nhat voiW, (5), tic c6
do chinh xac Xép xi t6i uu. Viéc nay co thé dat dugc néu diéu kién sau, hinh
thanh trén co s¢ cua udc lugng (2.19) dugc thuc hién:

AW = max \AW(&)\:d_(m%} W, () =W, (8)| = min. (2.21)

&;(m,n)i{s;

Mot sb két luan rat ra tir viéc so sanh cac danh gia (2.17) va (2.19)
nhu sau:

- Gia tri cuc dai cia sai 1éch trong mién thoi gian (2.17) mang thong tin
quan trong va truc quan, nhung né doi héi dung lugng tinh toan 16n, va voi
d6i tuong c6 tham sd phan bé, viéc tinh toan nay 1a khong cho phép vi chang
han ddi véi cac hé théng tu diéu chinh, ching lam viéc trong thoi gian thuec;

- Panh gi4 sai 1éch trong mién anh thuc (2.19) ¢ nhiing tinh chat wu viét
do n6 duoc tinh toan don gian ma lai thé hién dugc sy tiém can tuong dbi
trong mién thoi gian. Tir day 1am xuat hién bai toan: véi muc dich bao luu cac
ru diém trong tinh toan cua danh gia (2.19), can xay dung cach danh gia sai
s6 trong mién thoi gian AN(t) va Ah theo céc sai 1éch AW (J) va AW trong
mién anh thuc.

2.4. Nang cao d9 chinh xéc wéc lwong bing phwong phap lip
Tir viée danh gia sai sO xap xi trong mién anh thuc theo (2.18) cho phép
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nhan duoc md hinh xap xi W, (s) ¢6 sai s nho nhat bang phuong phap lap
theo cac tham sb cau tric m,n va diém nit ndi suy &,i =17 khac nhau [69].
Udc luong (2.18) biéu dién sai 1éch AW(S) trén toan mién bién thuc
0 €[C>0,), cho phép xac dinh tit ca cac cuc tri co thé c6 va dau cua
ching. DPé nhan duoc cac dit lidu nay can thyc hién mot khoi luong tinh toan
nhat dinh ma diéu nay khong cho phép cac hé thong lam viée trong thoi gian
thuc. Udc luong (2.19) xac dinh gia tri cac sai 1éch cuc dai AW . Viéc nay
cling can tinh toan nhung viéc str dung né sau d6 khong doi hoi phai bao luu
toan bd cac thong tin ban dau trong d6 c6 thong tin vé gia tri cta doi s6 ma tai
d6 ham AW () dat cuc dai. Vi vay udc luong AW dugc chon lam tiéu chuan
danh gia do chinh xac x4p xi hoa.

Viéc giam sai sd xap xi AW bang phuong phap lip duoc thuc hién lan
luot theo cac diém nat ndi suy va tham s6 cAu trac khac nhau. Trude hét,
ching ta ¢ dinh gia tri cua tham sb cAu trac va coi ham ude lwong nhan duoc

v6i bd diém nut nao d6 13 1an ldp thir nhat dugc ky hicu boi chi sb «1»:
(m)®, {5}, WO(5), AW D (5), AW S

AW® = max
si(mn)®;{s )"

AWD(S) = max W, (5)-W(5),6€[C,%),C20. (2.22)

PEGCHE i

O bude lap thu hai, ching ta thuc hién tinh toan cac dai lugng tuong
tmg: W2 (5), AW @ (5),AW® | nhur & 1an lap thir nhat véi cac diém nat noi
suy m6i 62 ,i=1,7 nham gidm sai s6 AW dua trén tinh chat chéo nhau cta
phép bién d6i tich phan thuc [68,69]. Viéc chon cac diém nut ndi suy moi
5@ i=17 ton tai su bat dinh ngay ca véi phan bd déu. Diém nut dau tién
dugc x4c dinh theo cong thire 57 =5 /1 trong khi chua biét gia tri ctia can

trén 5®. D¢ giai quyét van d¢ nay, chiing ta s& thir nghiém theo chidu ting
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hoac giam 5,;1) dé tim 5,;2):

5,52) = 5,51) + A0, 5;2) = 5;1) AR (2.23)
O day, bude lip AS co thé duoc lua chon ngdu nhién hay theo mot quy
tdc nao d6. Chang han, néu thiét 14p n6 bang 10% dai luong 5751) (A6 = 0.15751)

) thi biéu thire tinh toan c6 dang:
5,52) = 5,51) + 0.1551) ; 5,52) = 5,51) — O.lﬁf) , (2.24)
Viéc thiét 1ap budc 1ip AS chi 1a bude thir nghiém trung gian. Diéu quan
tam 1a sai s6 AW ting hay giam bao nhiéu. Dya trén diém nut 5752) tim dugc

theo (2.24), chung ta xac dinh cac diém nut con lai:

(2)
5_(2) j 1 577
n

Tir cac diém nat im duoc theo (2.25), ching ta tinh duogc cac hé s6 a;,b;

i=1ln-1. (2.25)

ctia ham truyén xap xi W? (5) & 1an lap thir hai va sai s6 udc luong:

AW = Max
5 (m,n)® {6 }(2)

AW (5)| = mex. Z)Mdt(é) ~W2(5),6 €[C,0),C 20. (2.26)

5(m)

Dua trén cac sai s6 AW® va AW® nhan duoc trong hai lan lap trén,
chiing ta xac dinh chi tiéu dénh gid dang AW, = AW® — AW @ C4c budc tiép
theo dugc thuc hién theo thuét toan duge biéu dién & dang [74]:

S =6 —F[p(n),5, V,n=23,..., (2.27)
c6 chira s6 1an ldp N va ham trong luong (N), dugc hinh thanh theo cach nay
phai dam bao giam sai léch AW theo su tang cta sd 1an ldp N. Pon gian,

chon p(N)=1/n.Khi nay, cong thirc (2.27) duoc biéu dién ¢ dang tudng minh:

S =5 + %5;”‘1’; n=23,.. (2.28)
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trong d6 dai lugng AW, ; duoc tinh theo cong thirc: AW =AW -AW™;n=23,.,

con budc 1ap AS™ & 1an lap tht N duoc x4c dinh ¢ dang tong quat sau:

AS™ =15,§”-1);n =23,...
n

bé don gian, sb gia AS dugc 14y khong ddi ASY) =const;i=2,3,...Ban
chat ctia phuong phap 1ap dén 10i giai can tim dwa trén thuit toan (2.28) 1a xac
dinh cac cuc tri c6 thé co cta udc luong AW trong mién thuc va 1o giai tbi
uu dugce xac dinh twong ing voi1 gia tri cuc tiéu cua dai luong nay.

Pé xac dinh cac cyc tri cua ude luong AW theo doi sb J,, gla su rang
cac gia tri AW,_,,AW. nhan dugc & céac lan lap thir i—1,i,i+1 twong ung c6
dau xen k& chang han, AW., mang dau am, con AW, 1a duong ... thi cuc tri
ciia wéc luong AW dat duoc tai 5. Viée thuc hién thudt toan (2.28) ddi véi
tat ca cac diém nut ndi suy S, € (0,0) can luong tinh toan 16n. Thuc té thuat
toan lap (2.28) sé& két thuc khi sai 1éch AW, ,|;n=k,k +1,..., nhé hon mot gia
tri v ciing bé & va dau cua chiing khong thay doi, thoa man diéu kién:

AW, | =[AW D AW ®| < gin=k,k +1..
AW, >0(AW, , <0),Vn=Kk,k+1,...

Viéc thuc hién thuat toan 1ap (2.24) s€ dugc thuc hién véi cac b tham )
cau trac khac nhau ciia ham xap xi: (m,n)®,(m,n)® ... Thong thuong m,n s&
c6 gia tri nho do su phtc tap cta bai toan tong hop tiép theo: m<3,n<3.
2.5. Nang cao d chinh xac xdp xi dwa trén sw phan bé khong déu cac
diém nit ndi suy

Phuong phap ndi suy thuc xap xi ham truyén dat dua trén sy phan bé déu
cac diém nut ndi suy da khao sat ¢ trén cho phép nhan duge mé hinh wdc

luong thoa min yéu cau. Tuy nhién, ham sai l1éch (2.18) ton tai cac cuc tri
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khac nhau. Diéu ndy dua dén kha ning st dung phan bd khong déu cac diém

nat s& thay doi sai s6 trén timg khoang noi suy [§i,5

1] tir do tang do chinh
xac udc lugng. Khi cau trac ciia ham x4p xi khong dbi (m,n = const ), phuong
phap tham sb 13 cach duy nhét dé giam sai léch. Dudi ddy, chung ta s& xem
xét cac phuong an kha thi thay doi gia tri cac diém nuat ndi suy va lut phan b
ctia chung nham giam sai s6 u6c luong:

2.5.1. Sit dung diém niit ndi suy tring véi cdc diém khong cia da thivc
Chebyshev logi 1

Nhu d3 biét, viéc chuyén tir dang ban dau W, (S) thanh dang roi rac
W, (6,),i=1,2,... va phan thtic hiru ty W, (5) chi 14 gan dung. Sai léch ciia cac
dic trung s6 W, (5),i=L2,... va cac md ta dang phan thuc hitu ty
W, (6,),W,,(S;) phu thudc nhidu vao viéc chon quy luat phan bd va sé diém nut
77. Vi vay, viéc thiét 1ap gia tri cac diém nut tai diém khong cua da thuc
Chebyshev loai mot T (X), co tinh chat léch khong nhoé nhiat 1a cach trién
vong cho phép ting do chinh xac xap xi (hinh 2.2). Chiing duoc xac dinh boi
hé thte [73]:
T,(X) =L T,(X) = X, T,(X) = X° —%,...,Tnﬂ(x) =XT (X)— %Tn_l(x), xe[-11], (2.29)

2

] S R S— R LA A - -

1

e e s B3 et

T e S It

B, -] S R R - PR

Hinh 2. 2. Dang do thi cua cdc da thire Chebyshev dau tién T (x)
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c6 khoang x4c dinh: x e[-1,1], con cac ham thuc W, (5),W,(J),... x4c dinh
trong khoang: 0 €[0,00). Vi viy, trudc tién can dung hoa khoang xac dinh
cua cac ham duogc xem xét. Mot phuong an don gian dugc dung ma khong

lam thay ddi cac ham thyc 1a thue hién thay thé:
x=2e%-1 (2.30)

trong 6, @ — tham sb thuc. Khi nay, cac da thic T (X) tr& thanh:

T, =1LT.(t)=-1+ 2e T, (1) = % _ e 4 4o

N ! ': ': ' ': ':

05

-0.5

s i i i i i i i

Hinh 2. 3. D6 thi ciia mét s6 da thire Chebyshev T (t) dau tién khi a=1
Tiép theo, thuc hién phdi hop cac da thac T (t) va ham truyén dat thuc
W, (). Cac da thic T, (t) duoc cho trong mién thdi gian (hinh 2.3), con céc
ham truyén lai cho trong mién anh &. Trong khi do, chung ta chi quan tim
dén cac diém nat ndi suy 6,i=12,..17, vi vay da thirc T,(t) s€ dugc chon
theo s6 diém nut 77 va tim cac diém khong cta né. Cac diém niit ndi suy theo
diém khong cua da thirc T (t) ¢ thé dugc xac dinh trong mién thoi gian hay

mién anh. O day sir dung phuong 4n tim anh thyc ctia hé thic (2.30) :
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1: 2 _l_ (2.31)
S S+a &
Khi nay, cac diém nat duoc xac dinh bai biéu thirc:
5i=1+—§a|—177, (2.32)

1
vo1 a - tham sO thuc nao dé dugc dung dé hi€u chinh sai s6 udc lugng, con

{x}, la cac diém khong cua da thirc Chebyshev loai mot bac 7 (T,(x)=0),

con cac ham thuc Tn (0) sé& co dang.
-1 2 1 4 4
T.(0 T5 —_—t—, =—— 2.33
0(0) = ()55 2()25 5+a o+2a" - (233)

Viéc tim diém nat theo (2.32) dam bao dung luong tinh todn can thiét

nho nhit dé xac dinh moé hinh xap xi. Ngoai ra, tham s6 a thiét lap su khong
xac dinh trong viéc ung dung cac cong thuc (2.30) va (2.32), n6 dugc xem
nhu nhan t ty 18 d6i véi cac diém nat J,i=1,2,...7. Mot cach tong quat,
tham s6 nay con duge coi 1 nhan tr di véi cac ham theo thoi gian. Su phu
thudc nay cho phép xac dinh gia tri ctia dai luong a, sau khi ddi chiéu thoi
gian thiét 1ap cta d6i tugng va tham sé theo thoi gian twong tng cua da thirc

T ().

Khi cac dic trung theo thoi gian ciia dbi tuong 1a chua biét hodc kho xac
dinh thi tham s6 @ c6 thé chon tir diéu kién: cac diém nat bao trim toan bod
khoang gié tri cia ham W,,(8) . Tuy nhién day chi 1a mot cach kha twong ddi
va khong dua ra dap an duy nhét theo nghia xap xi dén 10i giai v6i do chinh
xé4c cao nhat. Khi ndy, tham sb a cho phép giam sai s6 u6c luong AW thong
qua phép 1ap da xem xét trong muc 2.3.

2.5.2. Phwong phdp Remez xdc dinh xdp xi déu t6i wu
Phuong an thiét 1ap cac diém nut ndi suy tai cac diém khong cua da thic

Chebyshev loai mdt dugc xem xét trén day da thoat khoéi luat phan bd déu, tao
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ra cac diéu kién dé tang do chinh xac giai bai toan xap xi. O day, khoang cach
giita cac diém nat di khac nhau nhung quy luat thay ddi cac khoang cach nay
khong thay doi duogc. Vi vay xuét hién bai toan sur dung cac diém nGt ma
chung khong tuan theo mot quy ludt ndo, trong khi gia thiét rang d6 chinh xac
giai bai toan tong hop c6 thé ting 1én. Viéc tim céng cu nhu vay c6 thé thuc
hién duoc dua trén phuong phap tao bo1 Remez.

Y tuéng nay nam & viéc hiéu chinh dong thoi tat ca cac diém nut noi suy

&,i=1,7 nhdm giam c4c sai léch cyc dai Max |AW (5)| va max |[AW(S)|
0¢e[61.6] 0e[6).6.4]

J

co tinh dén sy tang gia tr1 sai 1éch gilra cac diém nuat khac, sao cho sai I¢ch

AW, = max |\th(5) —We(§)| trén cac khoang & e[5,,,8],i =17 +1 s& bang

6€e[61.6]
nhau. Khi nay 101 giai nhan duoc s& 1 t6t nhat. Viéc xdp xi cac ham truyén
dat thuong dugc thyc hién trong hai budc:

- Bude 1: x4c dinh mé hinh xap xi W,!(s) chang han dya trén sy phan
bd déu cac diém nat. PE minh hoa cho cach thic nay, trén hinh 2.4 chi ra
d6 thi ciia ham AW!(5) =W, (5) —W.}(5), dic trung cho két qua ctia phép
13p thr nhat.

- Bu6c 2: thay doi dinh huéng mdi diém nit &,i=1,7 dén gia tri {5;’“}”

ma khi d6 s& nhan duoc sy phan bd sai 1éch toi wu AW (5) =W, (5) —W ()
thoa man diéu kién:

AW, =AW, =...=AW_, =AW™". (2.33)

Thuc té dang thirc (2.33) c6 thé chi 1a gan dung, viéc thay d6i cac diém

nat &, =1, s& dugc thuc hién cho dén khi nao sai 1éch trén cac khoang riéng

phan thoa man diéu kién:

Aing,Vi,j:l,n+l;i¢j. (2.34)
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trong do:

Ay =|AW, — AW, | =

max W, (6)-W(5)|- max Nvdt(g)—wm(a)\‘ - hiéu céc

0€[6i 1.61] 0[5 41.6}]

sai léch; & - gia tri v cung bé cho trudc.

r

AW (5)

[\

/AWI (3)
a: on
5

o 5
Wi
Lo AW(S)

Hinh 2. 4. Biéu dién thudt todn Remez xdc dinh xdp xi déu t6i wu
Trong céc bai toan khao sat, viéc dich chuyén c6 dinh hudng cac diém
niit dya trén sy phan tich do thi cta sy phu thude AW, (5) =W, (5) -W,5(5),
& day j -s6 phép lap, i - s6 khoang noi suy. Nguyén 1y dich chuyén kha don
gian: tai cac gia tri sai 1&€ch 16n A\A/ij;i =12,...,j=12,..., cin phai rat ngén

khoang cach giira cac diém nut [J,_,,0.]. Khi st dung cac cdng cu toan xap xi

4 N
----- A

dén 101 giai toi wu can thiét 1ap thuat toan xap xi theo phuong phap Remez va
chuong trinh tuong ing.
2.6. Xay dung chwong trinh tuw dong wéc lwgng

Nhu vay, thi tuc udc luong ham truyén dat (1.10), (1.11) bang phuong
phap ndi suy thuc s& bao gom céc budc sau:

1) Ham truyén dat ban dau ciia doi tugng W, (s) duoc chuyen thanh

dang thuc W, (5),8 €[C,),C >0. Véi doi twgng 6n dinh, tham so C c6 the
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nhan gia tri bang khdng (C =0). Khi ddi twong khdng on dinh, gia trj cua
tham s6 C duogc xac dinh tur diéu kién C >max Re(p,), trong do P, - cac
nghiém cia phuong trinh dac trung.

2) Lua chon tham s6 cau tric m,n cua ham truyén dat xap xi W, (s) va
xéc dinh so cac hé s6 can tim p=m+n+1. H¢ s6 by cua ham xap xi W, (s)
c6 thé duoc tinh trudc theo (2.12), cho phép gia tri 77 giam di mot don vi.

3) Thiét lap cac diém ndt noi suy & =id,,i=2,7 theo (2.7). Truéc hét
tinh 5, ctia khoang phéan bd | 6,5, | theo (2.13), sau d6 tinh &,=3, /7.

4) Xic dinh céc ddc trung s& {W,(&)f ,{Wy ()} theo cic diém nut
S,i=Ln va ham truyén thuc W, (5),W,(5) da biét. Thiet lap va giai he
phuong trinh:

m m-1
bdi tbmgd; by =1, (2.35)

W, (0.)=
dtti n n-1
anéi +an—15i +...+a1§i +a0

tuong ung véi cac he¢ sé ay,b;(i=1n; j=1m) chua biét cua ham truyén xap
xi W, (6).

5) Danh gia do chinh xac xap xi giita cac ham W, (s) va W,(s) hay
W, (5) va W, (5) theo tiéu chuén (2.19) da thiét lap.

6) Thuc hién thuat toan Iap (2.28) véi cac tham sb cau tric m,n va diém
nat ndi suy &,i=1,7 khac nhau dé xac dinh mé hinh xap xi téi wu.

7) Nang cao d6 chinh xac udc luong sir dung cac diém nat ndi suy tring
v6i diém khong ctia da thirc Chebyshev loai 1 theo (2.32) va phwong phap
Remez (2.23).

Pé kiém chung thuat toan, duéi day ching ta s& xay dung chuong
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trinh ty dong xac dinh mé hinh xap xi dang (2.12) véi cac tham sb cau trac
m,n khac nhau cua ham truyén dat (1.10),(1.11), khao sat sy phu thudc cua
sai s uwdc luong vao m,n va cac diém nat ndi suy &,i=L7. Toan bo
chwong trinh duoc viét trén Matlab 2017b, c6 giao dién chinh nhu hinh 2.5
bao gém cac chuong trinh con: “M6 hinh ham truyén déi tiwong”; “Tham
S6 cdu trGc ham truyén xdp xi”; “Mé hinh ham xap xi”; “Khdo sdt ddc
tinh bién dé tan sé”; “Nhap tham s6 doi twong”; “Chon moé hinh woc

lirong Xap Xi toi wu”.

CHON HAM HIEN THI CAU TRUC HAM TRUYEN XAP Xi
THAM SO DOI TUQNG | Oviwan @ véwdz HTDOI TUQNG
b5 +b, s+ —bs+b,

W(is)

1
a5 a5 L asta

(T*cosh((2*s)/3))(sinh(s) + 22*s*cosh(s))

HAM TRUYEN XAP Xi NHAN BUQ'C

3.53¢07 '3 + 1.013e11 512 + 2.422600 5 + 2.522e11
(147cosh(s))/(sinn(s) + 22"s"cosh(s)) 1.604e11 3 + 3.98e00 s'2 + 4.144el1 5 + 1

SAISO XAP Xi: 1.5894e-06

CHON HAM CAN XAP X
O Wadt1(s)

CAC DIEM NUT NOI SUY
SO DIEM NUT NOI SUY CANDUNG: 7

81= 1"a 2= 253287 083= 8.1672"a
04= T7877"a 85= 0.39481%a 06= 0.12244"a
7= 0.012695"a

Hinh 2. 5. Giao dién chwong trinh tw dong wéc lirong ham truyén dat bang
phuwong phap noi suy thuc
Véi cac tham sé cu thé cia biang tai dan hoi: q=7,A=04,

= ™ _qq Ly = M _0, cac ham truyén dat (1.10),(1.11) s& c6 dang:

m, m,
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TN /5) e (g L4ch(s)

Wdt (S) = Sh(S) N 22.S.Ch(5) ’ sh(S) + 22.S.Ch(5)

(2.36)

Thuc hién chay chuong trinh ude lugng theo cac tham sé cau trdc m,n
khéc nhau ctia ham xap xi. Code chuong trinh udc luong duoc liét ké trong
phu luc 1, con két qua tinh toan duoc liét ké trong bang 2.1, 2.2.

Bing 2. 1. Cdc két qua tinh todn ham truyén dat xap xi cua md hinh (1.10)

Tham | Khoang noi M6 hinh xap xi toi uu Sai 0

SO suy W () uGC
(m,n) luong

AW
7.503

0,2 107,107 0.0712

(0.2) [ ] 1.58% + 24.64s +10°°
—0.1786s+1.874

11 0.01,0.02 *107

(&1 [ ] 6.147s+10° 5.99%10
—577.7s+ 2972

1,2 0.19,0.2 24.536

4.2) [ J 0.7743s” +9619s +1
2
22) | [074075) 3.453615" ~114.75 + 3727 132 185
0.6219s” +1164s +1
2 * -5
23) | [2#10%3+10°] ~0.11565 +3.651*10°5+6.847 | 1 oy s
8.742s° +1.2*107°s* +22.55+107%
*1N-3a3 *1N-2 a2 *1N-3
(3’3) [0_042’0_043] -1.76*107s*-3.39*10s" +4.27*10 s+ 2.08 889*10"

2.669s° +1.405*107s* +6.8565 +107°
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Bing 2. 2. Cdc két qud tinh todn ham truyén dat xdp xi ciia mé hinh (1.11)

A i N L. A Sai s6 ugc
Thamso | Khoang noi M0 hinh xap xi toi uu
lugng
(m,n) suy W (s)
AW
34 2.042
0,1 102,107 *1073
(0.) [ ] 3.3555 +107" 6.33*10
*1 N3
1.707s+10
3.077*107%s* + 0.8065s + 2.04
2,2 0.02,0.03 *1(07
(22) [ ] 1.325s% +3.352s +107"° 2.05*10
5.146s° +3.083*10°s +12.92
2,3 0.01,0.02 *107°
( ) [ ] 8.14s> +5.06*10°s* +21.2s +10™" 1.23710
3.53*107s® +1.01s° + 2.42*107°s + 2.52
3,3 0.1,0.2 *10-6
( ) [ ] 1.604s° +3.98*107°s” +4.144s +10™ 159*10

Nhu vdy, md hinh udc lugng tot nhat khi xap xi ham (1.10) nhan duoc
v6i cac tham s cAu trac m=3, n=3 ¢0 sai s6 8.89*107:

L ~1.76*1073%s> —3.39*107%s% + 4.27*10>s + 2.08
W (s)=
2.669s° +1.405*10%s® + 6.8565 + 107"

e
Con dbi vai ham (1.11), m6 hinh udc lugng tdt nhat nhan duoc véi céac
tham sb cdu tric m=2,n=3 s& c6 sai s6 xap xi 1.23*10°°;

W2 (s) = 5.146s° +3.083*10°s +12.92
¢ 8.14s° +5.06*10°s* +21.2s +10™*

2.7. Két luan chwong 2
Trong chuong 2, nghién ctru sinh di dé& xuét va khao sat cac cong doan

wdc luong ham truyén dat phire tap c6 chira cac thanh phan quén tinh va siéu
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viét dua trén co s cua phuong phap ndi suy thuc. Thuat toan va chuong trinh
theo RIM di duoc xdy dung dé xap xi ham truyén dat mé ta bang tai dan hoi
(1.10), (1.11) trong céac hé truyén dong dién tu dong nhiéu dong co bang ham
truyén dat dang phan thic hiru ti. Bén canh viéc dua ra dang ham cu thé,
chuong trinh con tinh sai sé wdc lugng v6i cac ham truyén dat xap xi khac
nhau, tir @6 cho phép xac dinh céu tric va tham sé cia md hinh udc luong co

sai sO nho nhat.
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Chuong 3
CO SO TONG HQOP HE THONG PIEU KHIEN UNG DUNG PHUONG
PHAP NOI SUY THUC

Su phirc tap cta ham truyén dat mo ta cac dbi twong c6 tham sd phan
bd néi chung (1.1) hay bang tai dan hoi n6i riéng (1.10), (1.11) lam cho viéc
tong hop hé thdng diéu khién chung tré 1én kho khan hon nhiéu. Trong
chuong 2, luan an da khao sét cach thirc tong hop hai cong doan va xdy dung
thuat toan udc luong ham truyén dat c6 chita cac thanh phan quéan tinh va siéu
viét bang phwong phap ndi suy thuc. Cach tong hop khac dua trén viéc thao
tac truc tiép voi cac mod hinh géc mo ta dbi twong duoc didu khién (1.11). Tuy
cach nay c6 nhitng khé khian ma khéng phai luc nao ciing khic phuc duoc do
c6 mit cac thanh phan quan tinh va siéu viét, nhung vu diém cua nd 1a sai s6
tinh todn nho do khong c6 cong doan xap xi va quan trong 13 bao luu cac tinh
chat dic trung cua ddi tuong diéu khién. Vi vay, chuong nay nghién clru sinh
s& phan tich va thiét 1ap thuat toan tong hop bo diéu chinh dam bao céc chi
tiéu chat luong yéu cau ciing nhu nang cao d6 chinh xac tong hop tmg dung
phuong phap ndi suy thuc, cho phép thao tac truc tiép véi ham truyén dat cua
d6i twong ma khodng phai thuc hién cong doan xap xi hoa.

3.1. Thiét lap bai toan

Xét so dd cau tric cua hé thdng diéu khién mot vong c6 phan hdi am nhu
trén hinh 3.1. Hé thdng nay bao gom déi twong diéu khién c6 tham sé phan bd
(W,,(s)) da biét, dugc biéu dién boi ham truyén dat (1.11). Bo diéu chinh (
W._(s)) va khau hdi tiép (K,,) la cac thanh phan chua biét. Bai toan dat ra 1a
xac dinh ham truyén dat ctia bo diéu chinh:
bs"+b " +..+bs+h

Wdc(s) = n n-1
ahs +an_1s +....+als+a1

(m<n), (3.1)

va hé s6 hdi tiép K, sao cho hé théng c6 cac chi tiéu chét luong: sai s tinh,
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d6 quéa chinh, thoi gian qua do, ... thoa man diéu kién:

o,—Ac<o,<0o, +Ac

) (3.2)
ty <t
hoac
o,~Ac<o,<0, —I—AO" (3.9

te — tog"
voi, Oy- do qua chinh yéu cau cua hé; Oy, - d0 qua chinh cua h¢ duogc téng
hop; Ao - sai léch @6 qua chinh cho phép giita hé thong mong mudn va tong
hop; t5 - thot gian qua do yéu cau ctia hé mong mudn; t;rc‘j - tho1 gian qua do
cua hé duoc téng hop; tg;‘“ - thot gian qua do nho nhét co thé dat duoc cia hé
duoc téng hop. Trong thuc té, khi khong tdn tai bo didu chinh (3.1) dé hé
théng théa man diéu kién chit (3.2), chung ta co thé chuyén dén diéu kién
(3.3), trong d6 d6 qua chinh tuan theo gidi han chat con thoi gian qua dd la
nho nhat (gia tri nay van 16n hon gia tri yéu cau %" >t%) . Viéc chuyén tr
diéu kién (3.2) sang (3.3) nham dam bao bai toan tong hop ludn co 10i giai ma

van khong mét di tinh tong quat.

Wals) |—p Wafs) >

K}a‘ ————

Hinh 3. 1. So' d6 cau truc hé thong diéu khién tir déng dién hinh
Pé xac dinh cac tham sd ctia b diéu chinh, chung ta thiét lap va giai
phuong trinh biéu dién méi lién hé giita ham truyén dat ciia hé kin mong

mubn (WX (s)) va dugc tong hop (W, (s)):
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MOEINOP (3.4)

trong do, v6i so @b cau tric trén hinh 3.1, W, (s) duoc xac dinh theo biéu thric:

W, (s)W
Wﬂf (s) = dc (s) at (s) ’ (3.5)
1+W, ()W, (s)K,,
hodc xem xét phuong trinh tong hop & trang thai ho:
Wi (8) =W () =W, ()W, (5) (3.6)

v6i ham truyén mong mudn cta hé ho (W, (s)) duoc xéc dinh tir ham truyén
mb ta hé kin (WX (s)) va hé s6 hdi tiép (K,,), theo so d6 cau tric trén hinh
3.1, s€ co dang:

Wi (3)

W (s) = .
m(S) 1-W, (5)K,

(3.7)

Nhu vdy, nhiém vu chinh cua bai toan tong hop 1a thiét 1ap va giai
phuong trinh (3.4) hodc (3.6), sao cho nghiém cua né (K, ,W, (S)) dam béo
dang thirc gan dung gitra cac ham truyén duogc téng hop va mong mudn cua
hé kin hay hé ho. Trong thuc té, khdng thé nhan dugc dang thic chinh xac
ctiia phuong trinh tong hop (3.4), vi vay ching ta phai tim kiém loi giai gan
dung. Viéc nay khong lién quan vé mat toan hoc ma chi lién quan dén cac dic
tinh vat Iy va ky thuat [75-77]. Viéc giai phuong trinh tong hop (3.6) thay vi
(3.4) s& lam giam dang ké dung lwong va sai sd tinh toan. Dang (3.6) phu hop
v6i 1y thuyét cac bai toan dong hoc nguoc va vé ban chat giéng vai viée tong
hop bo diéu chinh bang phuong phap dua trén dic tinh tan sb logarit. Co so
chung giai phuwong trinh tong hop (3.6) tmg dung phuong phap noi suy thuc
s& dugc dan ra dudi day.

3.2. Thuit toan tong hop bd diéu chinh
Pé hinh thanh thuat toan tong hop bd diéu chinh bang phuong phap noi
suy thyue, phuong trinh tong hop (3.4) o tinh dén (3.5) duoc bién d6i vé dang

tuong duong:
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Wi (5)

Wdc (S) = Wdt (S) _Wdt (S)W”l,(m (S) Kht |

(3.8)

Trong (3.8), dé xac dinh W,_(S), ching ta can x4c dinh hé s hdi tiép
K., va ham truyén mong muén WX (s) va cic dic trung s6 cia cac thanh
phan WX (s),W,,(s),... Nhu vay, viéc giai phuong trinh tong hop (3.8) s& bao
gom cac cong doan chinh: Xac dinh hé sé hoi tiép K, ; Tim ham truyén dat
mo ta h¢ thong theo céc chi tiéu yéu cau o, t)5 ; Giai phuong trinh tong hop
(3.8); Hiéu chinh hé théng sau tong hop, s& dugc xem xét dudi day.
3.2.1. Xac dinh h¢ sb hai tiép K,

Thuc té, dai lugng K., co thé tim dugc tir phwong trinh mo ta ché do
tinh cua hé théng:

— yt _Ay
X~ Kht(yt _Ay)

(3.9)

P

trong do, X,- tin hi¢u dau vao cho truée, Y, - tin hiéu dau ra yéu cau, AY - sai
sb tinh cua hé théng (sai Iéch cua tin hi¢u dau ra thuc Yy so voi tin hi¢u dau ra
yéu cau Y,), K o~ hé sO truyén ciia mach ho. Nhu vay, gia tri K, c6 thé tim
dugc tir diéu kién dai luong K , bhaila s6 duong:
X, — Ky (y, —Ay) > 0. (3.10)

3.2.2. X4c dinh ham truyén mong muon ciia hé thong

Viéc xac dinh cdc ham truyén mong muén WX (s) va W (s) cua hé
tham chiéu tng véi trang thai kin va hd 1a céng doan quan trong trong qua
trinh thiét 1ap va giai phuong trinh tong hop (3.8). C4c ham truyén nay c6 thé
tim duoc theo hai cach:

1. Cdc phirong phdp gidn tiép cho phép nhan dugc ham truyén mong

muodn dya trén cac mo hinh trung gian, cac ddc trung va céc chi tiéu chat lugng
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nao d6. Phuong phép tan sb co tinh truc quan, cic ham truyén tham chiéu s& co
dic trung tan sd twong Gmg véi ching ... Theo cach ndy, trude hét xac dinh dic
trung tan s6 logarit theo céc chi tiéu chét luong da cho, sau d6 chuyén dén ham
truyén dat mong mudn tuong tmg. Ddi véi 16p cac hé chap hanh dién co [55],
phuong phép tan sd duoc sir dung rong rii dé hinh thanh céac tinh chit mong
mudn theo tiéu chuan t6i vu ddi ximg hodc mo dun [77-79]. Tuy nhién phuong
phap khong cho phép tong hop cac hé théng véi do qua chinh o, cho trude,
t6i uu hoa vé tinh tac dong nhanh va ting cudng do bén vimng cta hé thong khi
can thiét. Vi vy phuong phap nay co thé dugc dung dé nhan duoc 101 giai xap
xi dau tién, cac tham sd cua no sau do s& duge hiéu chinh.

Phuong phap quy dao nghiém [76] cho phép thiét 1ap ving phan bd
nghiém cua da thic dic trung cua ham truyén dat W" (s) dua trén cac chi
tiéu chat luong gian tiép nhu mutrc 6n dinh, d6 dao dong v.v. Tai d6 dic trung
qua d6 s& thoa mén cac chi tiéu vé do qua chinh va thoi gian qua do da cho.
Loi giai nhan duoc theo cach nay chi 1a tuong dbi theo cac chi tiéu chat luong
d3 cho do su ving mat cta da thirc tir cia ham truyén.

2. Cac phuong phap truc tiép cho phép nhan dugc ham truyén (3.7) dua
trén cac dac trung dong hoc theo thoi gian (dac trung qua do hay qua do
xung) hoic 1 cac chi tiéu chét luong cho trude, theo cac dir lidu ban dau (ciu
trdc m,n cta ham truyén va bac phiém tinh) duoc xac dinh trudc. Cac
phuong phap tryc tiép khac nhau bao gom:

- Xac dinh ham truyén mong mudn dya trén cac dic trung qua do chuan
tac [76], cho phép lua chon tir ho cac dic trung qua d6 mot dic trung phi hop
hon ca véi cac diéu kién xac dinh, tir 46 xac dinh duy nhat ham truyén dat cta
hé hé mong mudn. Nhimg han ché ciia phuong phap nay chinh 1a viéc Iya chon
bi gidi han trong mot 16p cac dac trung quéa do cod thé, dic biét 1a khi phai tuan

theo cac tham sd quan trong nhu do qua chinh. Ngoai ra trong ham truyén
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khong c6 da thirc tir, diéu nay dan dén sai sb khi tong hop bo diéu chinh va kho
khin trong viéc tu dong hoa thiét ké khi tng dung phuong phép nay.

- Xac dinh ham truyén mong mudn dya trén hai chi tiéu chat lugng
quan trong nhit 13 do qua chinh mong muén o,. va thoi gian qua do t,5 [69].
N6 cho phép nhan dugc md hinh mong muén & dang ham truyén mé ta khau
dao dong. Phuong phap ndy ciing c¢6 nhimng han ché: ham truyén nhan dugc
c6 bac thip va khong co da thire tir lam cho kha ning cta no trong viéc thiét
lap cac tinh chat dong hoc cia mo hinh bi han ché. Vi vay phuong phap nay
chi nén dung dé giai cac bai toan khi khong can thiét 1ap va tai tao lai chinh
xéac cac chi tiéu chat luong cua hé thong.

Trong [69], ham truyén mong mudn WX (s)véi tham s cau trdc(

m=1n=2), dugc xac dinh duya trén cac chi tiéu chat luong yéu cau o, Va

YC o X A4 .
to S€ €O dang:

H
% in(* = -3 y
W, (8) =—F——H it =5——~ o=, (3.11)
(ZOS -I-Otls +1 —2{[|n( max _1)]+7Z_2} tqd
tr H
o ®
véi: H_ - tin hiéu dau ra ¢ trang thai xac 1ap; H_, — gia tri cuc dai cua dic
r A A 7 ) 7 3 9.° Hmax - Hoo
trung qua d9. Po qua chinh dugc xac dinh boi: o, = H—lOO%. Han

ché ctia no 1a bac ctia ham truyén khong thay d6i duoc, diéu nay khong cho
phép tinh dén cac yéu cau khac ngoai o, va ty.

Phuong phap ndi suy thuc cho phép nhan dwgc ham truyén mong
mudn. N6 cho phép nhan duoc ham truyén mong mudn theo céac chi tiéu chét
luong cho trudc, tham sd cu traic M va N bat ky va ung dung cac tinh toan

s0 [68]. Cac tinh chat mong mudn cua mo hinh c¢é thé dugc biéu dién ¢ nhicu
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dang khac nhau: dac trung dong hoc theo thoi gian, dap Gng cua hé véi tac
dong nao d6 hay cac chi tiéu chat luong [69]. Dudi ddy ching ta s& xem xét
mot s6 cach xac dinh ham truyén mong muén tmg dung phuong phap nay.
1. Xdc dinh ham truyén mong mudn theo ddc trung qud do xung
Cho dap tng xung mong mudn cta hé k€ (1), duoc biéu dién bang
biéu thire giai tich, dd thi hodc & dang bang. Yéu cau x4c dinh cac hé sb cua
ham truyén dat:

b s"+b "' +..+bs+b,

Wk (S) = )
" as"+a st +..+as+1

(3.12)

v6i cac tham s6 m, n di biét. Sir dung phép bién doi tich phan thuc, ham

truyén thuc WX (), x4c dinh theo dc trung qua do xung Kk (t) c6 dang:
Wk (8) = [ Kk (e dt, 5 0. (3.13)
0
Do dic trung k¥ (t) 1a mo hinh cua vong diéu khién 6n dinh, vi vay
tich phan trong (3.13) hoi tu voi moi gid tri &> 0. Pic trung s& (Wi (3)}
n
c6 kich thude 77 dugce xac dinh theo cong thire:

Wi (8) = [ ki (D~ dt,i =17, (3.14)
0

Céc diém nut ndi suy 8, duogc tinh theo phuong phap chuan tic bat dau
tir &, =0, diém nht noi suy 8, dugc tinh theo cong thire (2.12). Trong nhiéu
truong hop, dic trung kX (t) co thé dugc cho dudi dang bang hodc do thi.
Khi 4y viéc tinh tich phan (3.14) dugc thuc hién bang phwong phép sd:

N N
W (5)=> Kk, (t)e AL, j=1N. (3.15)
j=1

Cong thie (3.15) cho phép tim gia tri gan ding cua cac phan tir dic
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trung sb, thuong duoc biéu dién ¢ dang ma tran:
W =IXTxK
W = [\anw(m (51)’Wn|1(m (52)’ "'1Wr:m (5;7 )]
T =diag[At,], j=LN

) 3.16
K =K (1), K (6), K )] (3.16)
_e—éltl e“% e—altN_
p %t ook g%
| =
a ot oot oM

Nhu vay, cac hé sb a,,b; cua ham truyén (3.12) 1a nghiém cua hé

phuong trinh:
m m-1
W (5) = b, n+ b, 10, _ +...+DbJ, +Dy
a,o, +a,,0, +..+a0 +1
m m-1
WX (5,) = b. 0, n+ b. .0, _ +...+bJ, +Db,
a0, +a 0, +..+a0,+1 . (3.17)
W (5) = bménmn+ bm_lcSn": +...+b5, +b
a0 "+a,0" +..+aos, +1

Pén day, viéc xac dinh ham truyén mong muén ciia hé thong diéu khién
theo dap tng qua do xung coi nhu di dugc giai quyét. Tuy nhién ching ta can
thue hién viéc danh gia két qua thu duoc véi sd lidu ban dau. Budce nay 1a rat
can thiét khong nhimg vi 1y do sai s khi tinh tich phdn ma con can dé kiém
tra tinh x4c thuc cta cac sb liéu ban dau, cling nhu do chinh xdac tinh toan. bé
minh hoa, ta xem xét vi du: cho dap ung xung cta vong diéu khién chuin
k (t)=6e? —e™, can tim nghiém & dang W' (s)= 218_+b0 :

s +as+1

Cac hé sd a,,a,,b,b, duoc xac dinh theo hai budc. Bude 1 tinh 4 phan tir

cia dac trung so, budc 2 tim ciac hé sO cua ham truyén thuc
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WX (8) = bo +Db,

m(0) =—— ;6 €[0,0). O bude 1, véi 6, =0, phan tir dau tién cua
a,0" +a,0+1

dic trung s6 WX (5,) xac dinh theo cong thic:
W (6) = [ (6e™ —e™)e*dt =2. (3.18)
0

biém nit &, =5, duoc xdc dinh theo (2.12). Véi &, =15, dicu kién
nay s€ dugc thdéa man. Cac diém nat con lai dugc xac dinh theo luat phan bd
déu &, =5;8,=10. Tir day, cac phan tir ctia dic trung sé dugc xac dinh theo
(3.18): {W (5i)}4 ={2;0.69;0.4;0.29} . Thiét lap va gidi h¢ phuong trinh:
2=D,
0.69=(b5+h,)/(a,5° +a,5+1)

0.4=(b10+h,)/(a,10° +a10+1) ’
0.29=(b15+h,)/(a,15° + a,15+1)

(3.19)

ching ta tim duoc cdc hé sd cta ham truyén mong mudn:
a,=0.5,a =1.5b =2.5,h, =2. B¢ kiém tra, ching ta tim ham truyén chinh
xac theo ham k¥ (t) va dbi chiéu v6i ham truyén tim dugc theo cach trén.
2. Xac dinh ham truyén mong muon theo dic trung qud dé
Cho truée dic trung qua d6 mong mudn h (t) va tham s6 cAu tric m,
n caa ham truyén (3.12), can x4c dinh cac hé sd ctia ham truyén nay. Gia trj
b, co thé tinh dugc truc tiép theo dic trung h® (t) dwa trén ly thuyét vé gia tri

té1 han cua ham anh Laplace:
: 1 .
by =1im SWX (s)== lim he (t), (3.20)
S S —>00
va s6 cac hé s6 chua biét s& giam di 1. Mbi lién hé gitra dic trung qua do
h* (t) va ham truyén WX (s) dugc xac dinh bang biéu thic

HX (s)=WX (s)/s (HX (s)=L" {hrﬁm (t)} ). Chuyén sang mién thuc, ta co:
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W, (6)=8HE, (6, (3.21)
trong d6, ham HYX (&) dugc xac dinh truc tiép bang cong thic bién d6i thuan

theo bién thuc & :

HX,(8) = [h, (e dt;5 >0, (3.22)
0
con ham truyén dat thyc c6 dang:

WX (8)=6. j h¥ (t)edt;5>0, (3.23)
0
va cac phan tir ciia dic trung sd {Wn'fm @ )} , duoc tinh theo biéu thirc:
n
W, (8,) =8, [ hi, (e *dt; 5, €[0,00). (3.24)
0

Khi ham h¥_(t) duoc cho dudi dang db thi hay bang, ham truyén theo
dic trung qua do h® (t) can chuyén sang dang tich phan s6. Trong truong hop
c6 mit khau tich phan, diém nut dau tién 8, =0 s& khong con phu hop do
Li_r)ran'fm (5)=oco va viéc tinh diém nat ndi suy cudi theo (2.12) théng qua
WX (0) s& khong thuc hién dugc. Khi ndy, cac giéi han ctia khoang phan b
diém nat duoc tim bat dau tir gidi han dudi, tic 14 &, > 0. Biéu thuc tinh J,
c6 thé nhan dugc tir yéu cau: tich phan trong (3.24) khi két thuc thoi gian diéu

chinh t.; can phai giam t6i gia tri nho co thé bo qua (A =0.01+0.05), tic 1a
phai thoa mén didu kién: h, (t25)e ™ <A Tir day, ta c6 biu thirc tinh &,

5 I/, (61

1 yc
[5#

(3.25)

Cac diém nut con lai dugce xac dinh theo quy tic thong thudng cua luat

phan bb déu: &, =id,;i=12,...,7. Cong doan cudi cung 1a kiém tra d6 chinh
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xac cua nghiém nhan duoc. Trudng hop chung nhét 13 st dung ham sai léch
tuyét doi:
Ah= mgx\h(t) i (0), (3.26)

voi h(t)- dic trung qua do tim dugc voi bd diém nat noi suy xac dinh. Néu
Ah nho hon mot dai lwgng cho trude nao d6 Ah.. thi bai toan coi nhu da dugc
giai quyét. Nguoc lai, can s dung phuong phap tham s hodc cau trac dé giam
sai s6. Phuong phap tham s cho phép thay doi gid tri Ah bang cach dich
chuyén cac diém nut ndi suy dua trén tinh chéat chéo nhau ctia phép bién doi tich
phan thue di dugce xem xét ¢ trén. Phuong 4n cdu tric chinh 13 thay d6i bic m,n
ctia ham truyén dat WX _(s) . Thu tuc giai bai toan duge dan ra dudi day:

1. Xac dinh hé s6 b, theo gia tri x4c 1ap cta dic trung h® (t).

2. Tim s6 cac hé s6 chua biét: n=m+n.

3. Xac dinh diém nat dau tién &, theo (3.25), sau d6 tim cac diém nat
con lai.

4. Tinh cac phan tir caa ddc trung s6 {Wn'fm (o )}77 theo cong thirc (3.24).

5. Tim cac hé s ctia ham truyén (3.12) bang cach giai hé phuong trinh
(3.17).

6. Kiém tra va hiéu chinh két qua. Xac dinh sai s6 theo (3.26), thay d6i
cac diém nat ndi suy néu can, ting gia tri tham s6 M hodc N cua ham truyén
tim duoc.

Dé minh hoa, ching ta tim ham truyén dang WX (s)=b,/a,s* +as+1
khi dac trung qua d6 mong mudn h_(t) =22 —37.87e %" sin(42.982t + 62).
Thuc hién theo cic budc trén ching ta nhidn duoc: b, =22;

n=m+n=1+1=2. Lua chon tqygzo.l(s),A:ODOl, ta tim duoc:

5 —|n[1o—3 /110]

) Y =116. Véi N =100,At)y =0.001(s), ching ta tim dugc
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cac phan tir cua dic trung sb: {Wr;‘m (b‘i)}2 ={7.5388;3.6532} . Ttr day, chlng ta

nhan dugc hé phuong trinh:

—437.2504a, — 25360.5232a, = —14.4612
—423.7712a, — 49157.4592a, = —18.3468"

Cubi cing chung ta nhan duoc: a =0.0228;a, =1.7597.10* va ham
truyén co dang WX (s)=22/1.7597*10s? +0.0228s +1. Dé kiém tra két
qua nhan dugc, trudc hét ching ta tim dac trung qua do cua mo hinh da nhan
duoc h(t) va so sanh véi dic trung da cho he (t). Do thi caa chung duoc dan

ra trén hinh 3.2. Gié tri sai s6 Ah= mtax‘h(t) —h* (t)\ =0.4 1a chdp nhan dugc.

25

ETE7]

20—

15 —

Hinh 3. 2. D6 thi ciia ddc trung qua dp mong muén h:_(t) va mo hinh tim
duwoe N(t)

3. Xdc dinh ham truyén mong muén theo cdc chi tiéu chdt heong truec tiép
Viéc tim ham truyén mong mudn theo céc chi tiéu chat luong tryc tiép,
kha thi hon so véi hai trudng hop trén, do dic trung qué d6 tham chiéu he (t)
rat hiém khi duoc cho dudi dang tudng minh véi tat ca t e [0,t,5] ma chi can
thoéa man mot sb yéu ciu nhat dinh, chrfmg han d0 qué chinh, thoi gian qua
d6... Vi vay, dudi day ta s& tim ham truyén dat dang (3.12) c6 do qua chinh
o,. thoa mén diéu kién: O, —A0g <0<0, +Ao VOI, 0,-dd qua chinh
cho trudc, con Ao — luong sai léch cho phép, con thoi gian qua do t); va

gia tri x4c lap H, da biét.
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Trudce hét, xac dinh gia tri ctia hé s6 b,=H_ va n=m+n. Dic trung
qua dg trén hinh 3.3 théa man céac yéu cAu ban dau, con lai n6 1a mot ham bat
ky theo thoi gian. Biéu dién cac diém dic trung trén do thi caa h* (t): hai
diém hr';m (t,) va hn'im (té’j ) duogc xac dinh dua trén s6 liéu ban dau. B6 sung
thém hai diém h*_(t_), h* (t_) 1a cdc diém cuc tri ctia ham, chinh n6 xac
dinh d6 qua chinh. Nobi cc diém trén lai v6i nhau béng cac doan théng, ta co:
h"(t) =k t+b (r=212,3,4). Sau d6 xac dinh cac gia tri cia dac trung s6 theo
cong thtrc:

tag
Wy, (3) =3, [ ' (t)e dt;i =17, (3.27)

0
Céac diém nut ndi suy duge chon: & =id,. O ddy chap nhan st dung
cong thirc xap xi dic tuyén ban dau bang cac doan thang, nd cho phép thuc
hién viéc tinh tich phan kha don gian. Cudi cing, tir dic trung sb {Wr:m (5,)}77
va ham truyén dat can tim (3.12), ta thiét 1ap hé phuong trinh (3.17). Céc hé

s6 ctia ham truyén (3.12) s& dugc xéac dinh thong qua giai hé (3.17).

0] I (1)

h;m(fa—) : h:;m(ta+)
H.

bbbty tsy

Hinh 3. 3. D6 thi ciia dép iing qud do h¥ (t) véi cdc diém ddc trung
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Cubi cung, viéc hiéu chinh két qua theo gia tri yéu cau cua cac chi tiéu
dugc thyc hién dya trén su phan bd sai sb trong khoang thoi gian t e [0,t55]
va can trén cta diém nat nodi suy o,: néu do qué chinh nhan dugc ¢ bude 1 (
o) tng voi diém nat 5,71 1a 16n hon gié tri cho phép o' (o > O + AT ),
thi & budc 2 can giam gia trj diém nat 5772 (5772 < 5771 ). Nguoc lai, can ting gia
tri diém nat & cac budc tinh toan sau (5772 > 5,71). Sau mot sb lan 1ap (thuong

la 3-4 1an lip), ching ta s& nhan duoc két qua mong mudn. Pé minh hoa,

bs+b,
a,s’+as+1’

chiing ta xem xét bai toan xac dinh mé hinh c¢6 dang: WY (s) =

dap ung céac chi tiéu: d§ qua chinh 0.2-0.03<0<0.2+0.03; thoi gian qua
do t; <10(s); gia tri xac 1ap H, >1(rad) . Toan bd qua trinh tinh todn va

hiéu chinh duoc dan ra trong bang 3.1.

Bing 3. 1. Két quda tinh toan ham truyén mong muon dap iing yéu cau dit ra

S6 phép | Gid tri Gia tri cac hé sd Céc chi tiéu chat
lap cua lugng
5, b, a, a % t4(5)
1 4 11.027 | 37.159 | 2.743 1.3 100
2 2 1.871 6.587 2.271 0.29 11.5
3 1 -0.419 | -0.385 | -1.372 - -
4 1.5 0.954 3.666 2.028 0.17 9.2

3.2.3. Giai phwong trinh tong hop

Pé xac dinh bo diéu chinh dua trén co sé ciia RIM, trudc hét cac thanh
phan trong phuong trinh tong hop (3.8) dugc biéu dién theo bién thuc &:

W, (6)
W, (8) —W,, (WX (5K,

W, (8) = (3.28)

Viéc giai phuong trinh (3.28) duoc thuc hién trong 3 cong doan [69,70]:
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- Cong doan thir nhat x4c dinh cac dic trung s6 ctia cac thanh phan trong
phuong trinh (3.28) véi cac diém nut ndi suy & (i =1,7;7 =m+n+1) theo luat

phan bd déu:
T —
o, =—>(=1n). (3.29)
n

- Cong doan thtr hai xac dinh cac hé sb can tim (a,b J.) ctia bo diéu chinh

(3.1) bang céch giai hé phuong trinh:

Wd ( 51) — bm51m T bm—151mj Tt b151 + bo — Wr:m (51) k
c an51n + an—151n Tt a151 +1 Wdz (51) _Wdz(51)Wmm (51) Kht
W, (5= o0 bl e 0S h We(0)
c 8,0 +2,.0, +utad+1 W, (8)-W,([GW,,(J,)K,
(3.30)
W, (5)= b0, +b,.6, " +...+b5, +1y _ Wy (5,)
S A a0 el +1 W (6) - W, (6 W (8K,

- Cong doan tht ba thyc hign ude luong céc chi tiéu chat luong (ot )
cia hé théng diéu khién tng véi bo diéu chinh vira nhian dugc va ddi chiéu
véi cac chi tiéu yéu cau (0,3 )- Trong truong hop cac chi tiéu nay khong
thoa man diéu kién (3.2) hoic (3.3), ching ta can giai hé (3.30) tng vai b
diém nat noi suy méi (50 =™ +AS,i=1+7: §¥- bo diém nit & lan lap
thir k; 5% - bo diém nat & 1an lap thi k+1; AS - s6 gia cia doi s6 thuc &) va
lap lai cac bude tinh toan trén cho dén khi hé théng sau téng hop c6 chi tiéu
chat luong thoa mén cac yéu cau dat ra. RS rang, viéc tong hop bd diéu chinh
theo thuat toan trén khdng gap kho khin nao trong truong hop ddi tuong diéu
khién phuc tap (d6i twong phi tuyén hoac c6 tham sé phan bd, ...) vi cac biéu

thic cua (3.30) hoan toan co gia tri sb.
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3.3. Hiéu chuan d§ qua chinh ciia hé théng sau tong hop

Nhu trén, cach co ban dé hé thong sau tong hop dat duoc do qua chinh
theo diéu kién (2.2) 1a thay doi gia tri cac diém nit ndi suy. Trong trudong hop
néu viéc lap theo diém nut noi suy ma hé thdng van chua thoa man diéu kién
(2.2) hoac (2.3)) thi can tién hanh hiéu chinh theo cac bién cong cu khac nhu:
d6 qué chinh va thoi gian qua d6 yéu cau, hodc st dung cac ham trong luong
dic biét [69]. Van dé nay s& duoc xem xét dudi day.

3.3.1. Hiéu chuan dd qua chinh theo thoi gian qua d$ yéu cau (ts)

Nhu di biét, dé danh gia chat lwong hé thong diéu khién cé hai chi tiéu
quan trong hon ca d6 1a @6 qué chinh va thoi gian qua d6. Cac chi tiéu nay co
mbi quan hé twong hd véi nhau, tic 12 viéc tang/giam chi tiéu nay s& lam thay
doi chi tiéu con lai. Nhu vy, nguoi ta c¢6 thé sir dung chi tiéu nay 1am bién
cong cu dé hiéu chinh chi tiéu kia. Theo cach nay can xac dinh sy phu thuoc
gita o, va t¥s (o, = f(t%). Thyc té cho thdy, dé dat duoc chi tidu oy, du
nho can tang thoi gian qua do yéu cau to -

3.3.2. Hiéu chuan d9 qua chinh sir dung cac ham trong lwong dic biét
Mét cach khac dé hiéu chuan d6 qua chinh ctaa hé duoc tong hop 1a dua

vao phép bién doi tich phan thuc (2.2) cac ham trong luong ¢ dang dic biét

w(t). Dé hinh thanh cac ham trong luong nay, chung ta biéu dién phuong

trinh tong hop (3.4) & dang thuc WX (5) =W/} (5) va dong thoi & cac dang

lién tuc:
Tk;m (t)e dt ;T ki (t)e™'dt, (3.31)
0 0
va roi rac tuong minh:
kanm (t)e *'dt ;T ki (t)e "dt,i=1,2,...,77. (3.32)
0 0

O day, cac ham theo thoi gian k¥ (t),k (t) tuong tng 1a dap tng qua do
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xung ctia hé mong mudn va duoc tdng hop, con bidu thic € chinh 1a ham trong
lwong anh huong dén tée do hoi tu cua tich phan va sai s6 Ak(t) =kX (1) — k(1) .
N6 cho phép thay doi cac tinh chat dong hoc cua hé duoc tong hop khi dich
chuyén cac diém nat noéi suy (8,i=12...).Vi vay trong nhiing truong hop cu thé,
ngudi ta dua vao (3.31) cac ham trong luong c6 dang dac biét, chang han:
w(t) =e (L —e ™), nhu chi ra trén hinh 3.4. Phuong phap nay cho phép dat
duoc d6 qua chinh yéu cau ma khong phu thudc vao viéc phai thay déi cac thdng
tin ban dau o, ty; . Tuy nhién, viéc diing ham trong luong nhu vay s& lam mat di
su twong quan va khéng cho phép chuyén doi qua lai gitra phép bién déi tich phan
thuc (2.2) va phép bién ddi Laplace (2.1). Ngoai ra, khéng c6 mot quy tac chung
dé thiét 1ap cac ham trong luong nay. N6 duogc xac dinh theo ting bai toan cu thé
va cha yéu dya vao kinh nghiém cua nguoi thiét ké. O day, ham
w(t) =e " (1—e™") duoc thiét 13p sao cho dd thi ham qua do cua hé mong muén
h (t) va w(t) dong dang véi nhau, con diém nit noi suy 8, duoc xac dinh tir
diéu kién: thoi diém dat gia tri cuc dai cua cac ham h* (t) va w(t) tring nhau
nhu minh hoa trén hinh 3.5. Vi vay, cach thac nay chi dugc st dung trong nhirng
truong hop riéng.

0.5
w(l)
04
0.3
0.2H--

01

0

-01

-0.2
B e e

D st -l kil

05 i i i i i i i i i

Hinh 3.4. Biéu dién ham W(t) véi cdc gid tri & khdc nhau
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0 (1)

b

f
Hinh 3. 5. D6 thi cia cdc ham h¥ (t) va W(t) véi cdc gid tri & khdc nhau
3.3.3. Hiéu chuan d9 qua chinh dya trén cac hAm truyén mong muén suy
rong (o)

Thuc nghi¢m tinh todn cac bd diéu chinh chi ra rﬁng, & cac diéu kién
két hop nao d6 giira cac dir liéu ban du (cac tinh chat mong mudn cua hé va
cac tham sd cta ddi tugng diéu khién) c6 thé xuét hién nhimg kho khan trong
viéc dat duoc do qua chinh véi do chinh xac can thiét va nhu vay bai toan chi
dugc giai mot cach gan ding. O két qua nhan duoc, do qua chinh oy, cla hé
d3 tong hop con nhoé hoic 16n hon gia tri yéu cau o,.- Hon nira, viéc thay d6i
cac diém nut noi suy (v6i luat phan bod déu) co thé khong dua dén 1oi giai can
tim v6i diéu kién phai tun tha cac yéu cau vé do bén vimg va tinh tac dong
nhanh. Vi vy xuit hién bai toan tim kiém 101 giai khong lién quan dén viéc
str dung dai luong thoi gian qua do yéu cau tys - Mot trong nhimg phuong an
giai quyét tinh hudng nay 1a thay do6i trudc gia tri ciia d6 qua chinh mong

muon trong lan can cua d6 qua chinh da cho. Khi o, >0, + Ao, di€u nay

dua dén can giam gia tri cia do qua chinh mong muén o, dén dai luong
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O\ mins tai 46 hé duge tong hop s& thoa man diéu kién (3.2). O trudng hop

nguoc lai, khi o, <o, —Ac,, di€u nay co nghia 1a can tang gia tri mong

yc ?

muon o, déndailuong o, ..

3.4. Tong hop cac hé théng diéu khién tw dong nhiéu vong

Trén day chung ta dd xem xét van dé tong hop bo didu chinh ddi véi hé
théng c6 mot vong 1ap. Tuy nhién, trong thuc té cac hé thong thudng cé nhiéu
vong lap co ciu tric phuc tap. Vi vay van dé tong hop sé phirc tap hon nhiéu.
C6 hai cach co ban dé tong hop cac hé thong nhu vay:

1. Cdch thir nhat, coi hé thong 1a tap hop cac vong diéu khién riéng biét,
khong anh huong dén nhau. Trong trudng hop ndy, mdi vong duge tong hop
riéng ré& 1an luot tir vong trong dén vong ngoai [78-80]. Han ché cua cach nay
la sai sb tong hop ting 1én theo timg vong ldp vi chung ta chi biét trudc cac
thudc tinh mong muén cua toan hé thdng trong khi can co thong tin vé cac
tinh chat mong mudn cua timg vong bén trong dé tinh toan bo dicu chinh cua
né. Do d6, can phai xac dinh céc tinh chat mong mubn cho timg vong. Viéc
nay khong c6 161 giai chinh xac (hodc khong thé thuc hién duoc), dan dén sai
s6 tang lén trong sudt qua trinh tong hop.

2. Cdch thir hai, thiét 1ap phuong trinh tong hop chung, c6 chira cac hé
s6 can tim cila tat ca cac by diéu chinh. Cach nay dan dén céc phuong trinh
phi tuyén dbi voi cac tham s ctia b diéu chinh. Phuwong phép tong hop nhu
vy doi hoi phai khai trién phuong trinh ban dau thanh hé phuong trinh phi
tuyén. Viéc giai cac hé nay s& kho thuc hién dugc trong mién thoi gian va
mién anh Fourier hodc Laplace [76].

Cac hé théng co dién tir (ching han hé truyén dong dién tu dong)
thuong gom mot s6 vong diéu khién 16ng nhau c6 so dd cau trac tong quat

duoc chi ra trén hinh 3.6. Chat lugng 1am viéc cia cac hé thong nay phan
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16n duogc quyét dinh boi cac dic tinh ctia hé chap hanh gdm dong co chap
hanh, cach thirc ché tao va hé théng diéu khién. Viéc hiéu chinh cac tinh
chét cua hai khéi dau tién (cac ddi twong diéu khién) thuong rat kho thuc
hién vi can phai thay doi thiét ké cua ching. Hé thdng diéu khién cho phép
hiéu chuan cac tinh chét ctia hé chap hanh (vi du, dai thong, thoi gian dap
Gmg v6i mot tin hiéu dau vao,...) bang cach hinh thanh céac tac dong diéu
khién twong tmg. Viéc tong hop céc luat diéu khién 1a van dé trong tam khi
x4y dung cac hé thong diéu khién ty dong cho cac hé co dién tir. Khi tinh
dén cac nhiéu tin hiéu va tham sé trong doi twong khao sat, chung ta can
phai xay dung cac hé thong ty dong diéu chinh dé 6n dinh céc tinh chét cho

trude cua thiét bj chap hanh.

%e Wis) > %@e Wis) > a@e Wils) (B w=0) y(TJ% W) lﬁ—; W) &(l

Ky

Hinh 3. 6. So' d6 cdu triic téng qudt ciia hé thong diéu khién nhiéu vong
(W, (5) - ham truyén ciia phan khéng doi ¢ vong lap thir i (i = 1k, k—sé vong lap cua
hé thong); W.(S),K.— twong vng la ham truyén cia bé diéu chinh va hé sé phdan hoi
trong vong lap thit i; x(1)- tin hiéu vio cia vong Idp ngoai cing; Y,(t) - tin hiéu dap
ung cua vong lap thir i)

Nhiém vu dit ra 1a tong hop bo diéu chinh dang:

bs"+b, s""+...+bs+b,
as"+a st +..+as+a

W.(s) = (m<n,i=1k), (3.33)
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cho mdi vong lip va cac hé s6 hoi tiép K (i =1k) sao cho hé thong cé cac chi
tiéu chét luong thoa man diéu kién (3.2) hodc (3.3):

Pé giai bai toan dua trén RIM, chung ta can thiét 1ap phuong trinh tong
hop biéu dién mbi lién hé giita ham truyén mong mudn cta hé kin W* (S) véi
cac bo diéu chinh W (s) trong mdi vong lap, hé s6 hoi tiép K va ham truyén
cia céc phan khong doi W.°(s) c6 chira déi tuong diéu khién W, ()

W (5) 2 FIW,(S), s W, (8), K,y oy K W2(S),.. W (5)] (3.34)

Thuc té khong co6 phuong phép chung giai phuong trinh (3.34) vi: Thir
nhat, né chira k ham truyén chua biét W.(s),i =1,k nén sb céc hé s6 can tim 1a
rat 16n. Thir hai, mot sd cac hé sé phi tuyén dugc dua vao (3.34) ¢ dang tich
cua chung. Thir ba, ham truyén dat cua bd diéu chinh thuong 1a bac mot hoac
bac hai khi tinh dén cac yéu cau vé mit vat 1y. Do d6, chung ta phai tim 10i
giai gan dang theo cic tiéu chuan xac dinh vé cau trac va danh gia sy gan
dung giita hai vé cua phuong trinh (3.34), nghia 1a can don gian hoa (3.34)
dén muc co thé giai bang cac phuwong phap di biét. Ban chat cua cach thic
tong hop tmg dung phuong phap ndi suy thuc nhu chi ra ¢ trén la chuyén
phuong trinh tong hop (3.34) vé dang c¢6 dbi s thuc:

WE (6) = FIW.(8), s W, (6), K., ooy K, W (8),... W ()] (3.35)
hinh thanh quy luat phan b cac diém nat ndi suy ¢, chang han theo luat phan
bd déu (2.14), thiét 1ap va giai hé phuong trinh dai so:

W (S) = FIWL(S, ), oo W (8, Ky oy K WO(S), 0 WP (S =177 (3.36)
dé xac dinh cac hé sb hdi tiép K, va nhitng hé s6 chua biét ciia cac bo diéu
chinh. Duéi day, chung ta s€ xem xét kha nang tng dung phuong phap nay

doi voi hé thong di€u khién nhiéu vong theo hai cach noi trén.
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3.4.1. Tong hop lan lwet tirng vong diéu khién

Trong truong hop nay, viéc tong hop hé théng dicu khién tu dong nhidu
vong thuc chit 1a tién hanh giai phuong trinh tong hop (3.34) ddi véi timg
vong lap riéng biét. Thu tuc chung giai bai toan nay gém ba cong doan chinh:
Thir nhdt, xac dinh mo hinh toan ctia phan khong d6i W,*°(s),i=1k; Thir
hai, thiét 1ap cac ham truyén tham chiéu W"(S) mo ta chat luong ctia qua
trinh qué do trong vong lap thtr 1; Thur ba, tinh toan va hi¢u chinh cac hé¢ $6
ctia b diéu chinh W (S) theo thuat toan di thiét lap trong muc 3.2.

Cac ham truyén ciia phan khong ddi (W,°(s),i=1k) c6 lién hé voi dbi
tuong diéu khién W, (S) . Bé xac dinh chiing, trudc hét cac lién két phan hoi duoc
mé ra, cac hé s6 phan hoi K (i =1k) khéong duge tinh dén con trang thai ban
dau cua moi bo didu chinh bang 1 (W, (s)=1,i =1,k ). Sau do, dat 1én hé thong
tin hi¢u hinh thang x(t) va xac dinh tin hiéu phan tng tuong ung (y, (t),i = 1,k).
Khi nay, ham truyén thuc duoc xac dinh theo cac dir liéu nhan duoc:

]' y; (t) - exp(—ot)dt

W, (5) =2 (i=1k)’ (3.36)
j x(t) - exp(—St)dt

voi T 1a thoi gian quan sét tin hiéu Y, (). Thoi gian T phai khong it hon thoi
gian qua do trong mach dugc xem xét. Thyc té, cac ham Y, () va X(t) duoc
cho & dang bang. Viéc tinh cac tich phan trong (3.36) c6 thé dugc thuc hién
bang phuong phap s6. O dy, ham truyén thuc ctia d6i twong diéu khién:

W, (6)=W,,(6), (3.37)
duogc biéu dién bang tich cac ham truyén ctia phan khong doi:

W, (8) =[TW*(6) . (3.38)
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Tu (3.37) va (3.38), chung ta nhan dugc hé thic lién h¢ gitra cac ham
truyén thuc W "°(6) va W, (6):

WYiX (5)

W 5),i:2,k. (3.39)

WlKD (5) = Wylx (5) ’WI “® (5) =

YigX (
Dua trén cong thirc (3.39), ham truyén thuc cua phan khong doi trong mbi
vong lap W' (8) s& duge xéac dinh duédi dang:

b,6" +b, 5° +..+bS5+Dby

,q>p,i=1k. 3.40
a,0'+a, 0 +..+ad+1 a=p (3.40)

WiKD (5) =

Budc tiép theo 13 xac dinh ham truyén mong muén cta hé thong W (s) va
cua ting vong lap W." (s). Do chét luong qua trinh qua do ciia hé thong thé
hién khong chi & vong 1dp ngoai cung W' (S) ma con & cac vong lip bén
trong, nén khé khin trong viéc xac dinh ham truyén mong mudn ctia mdi
vong lap W" (S). Van dé nay co thé duoc giai quyét nho sir dung dai lugng
hang sb thoi gian da biét ciia phan khong doi twong tmg W °(S) . Hang s6 thoi
gian T duoc 1ay xap xi bang hé s6 & ctaa ham W'®(S) sau khi bo di cac thanh
phan c6 bac 16n hon hai. Su phu thudc cia thoi gian qua do trong vong lap
thtr i (1)) vao hing s6 thoi gian cuc dai T, dugc bicu dién bang biéu thuc
[79,80]:

t;d:3-d-Ti, (3.41)
v6i: d =0,5+10 - tham s6 diéu chinh duogc str dung dé thay d6i thoi gian qua
do t, khi thuc hién thu tuc 1dp hiéu chinh tham s6 bd diéu chinh nhdm t6i uu
hoa tinh tic dong nhanh ctia mach [79,80]. Nhu viy, biéu thuc (3.41) cho
phép danh gia tinh tac dong nhanh ctiia mach dugc tong hop, con d6 qua chinh

o co thé duoc dung nhu mdt tham s6 hiéu chinh. Cudi cung, ham truyén
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mong mudn ctua mdi vong lip duoc xac dinh theo (3.11) dua trén thoi gian
qua do t,, 46 qué chinh o, tim duoc.

Cubi cung thuc hi¢n téng hop cac bd diéu chinh mét cach tuan ty cho ting
vong ldp trén co s& gidi phuong trinh (3.34) theo thuat toan di dan ra trong
muc 3.2. Luu ¥ rang, cac hé s6 hoi tiép ctia mdi vong lip K co thé nhan gia
tri K. =1/ H_, con cac diém nut § phan bd déu, diém nut dau tién co thé duoc
x4c dinh bang bieu thue: 6, =3,5/t,[79,80].

3.4.2. Tong hop dong thoi cac vong diéu khién

Pé cu thé, dudi day xem xét kha ning ung dung phuwong phap ndi suy
thuc tong hop doéng thoi cac b diéu chinh ctia hé théng ba vong diéu khién
(hinh 3.7), trong d6: W,®(s),i =1—3- Ham truyén phan khong d6i trong mdi
vong lap; W.(s),W,(s),W,(s),K,K,,K, - ham truyén ciia cac bd diéu chinh va

hé s6 hoi tiép ciia moi vong 1ap.

%% Wi(s) %‘?% Wis) iﬁ?@—s Wi | v | o/ [ 15 s
K
K
Ks

Hinh 3. 7. So d6 cdu tric ciia hé thong ba vong diéu khién
Véi so do hinh 3.7, phuong trinh tong hop (3.34) dugc viét lai & dang

tuong minh doi vai hé kin:
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WE (s) = W, (S)W,rp (S)W, P (5)

TR, Wo (W, (W(S) (3.42)

véi: WP (s) = % ;con W, (S) duoc xac dinh theo biéu thirc:

Wy ()W (SIW, () _ W(WP(s)  kope Cy
Woro (5) 1+ KW, (W, (S)W,(s) o (S)_1+ KW, (s)W,(s) W)= js)’ (343)
hodc d6i véi hé ho:
W (8) =W, ()W ()W (S), (3.44)

v6i: W (s) - ham truyén mong mudn cta hé hd duge xac dinh theo biéu thuc:

Wi (5)

WD (s)= ,
() 1- KVT'Van:m(S)

mm

(3.45)

R rang, viéc giai phuong trinh tong hop (3.44) thay vi (3.42) s& lam giam
d6 phtic tap cua thuat toan va khdi lugng tinh toan. Thay thé biéu thire (3.43)
vao (3.44), ching ta nhan duoc phuong trinh tong quat tong hop cac bo diéu
chinh cua hé thong:

Wi (5) = WM W (W (S (WSO )
T LKW (WO (5) + KW, (W (S (WP (5)

(3.46)

Céac cong doan co ban giai phuong trinh (3.46) bang phuong phap noi
suy thuc khong khac so vé6i khi tong hop cho timg vong lip. Piém khac 1a
phuong trinh (3.46) c¢6 chtra nhiéu hé s can tim va cac hé sé phi tuyén.
Piéu nay lam cho viéc giai nd c6 nhimng kho khin nhat dinh. Do d6 trudc
tién can phai don gian hoa (3.46) dén muc co thé giai duoc bang cac
phuong phap da biét. Thu tuc don gian hoa (3.46) thudng bit dau bang viéc
loai bo cac hé sd phan hdi nho cac thong tin tién nghiém. Sau d6 thiét 1ap
céc diéu kién sao cho mot hay mot sd vong lap c6 thé duoc tong hop riéng.
Tuy nhién khong cé cach chung dé don gian hoa phuong trinh (3.46) ma

tuy thudc vao ting bai toan cu thé. Ngoai ra, can phai thiét 1ap cac diéu



78

kién bo sung cho cac hé sb can tim khi giai cdc phuong trinh phi tuyén. Cac
diéu kién nay thuong dugc xac dinh bai kinh nghiém ciia nguoi thiét ké. Vi
vdy phuong an tong hop ddng thoi chi duge ap dung trong mot sb trudng
hop riéng.
3.5. Hién thue héa chwong trinh tong hop trén may tinh
3.5.1. Lwu d6 thuit toan chwong trinh

Tir nhitng phan tich trén day, luu d6 thuat toan tong hop bd diéu chinh
ctia cac hé thong diéu khién nhiéu vong bang phuong phap ndi suy thuc duoc

dan ra trén hinh 3.8.

- Nhap cac tham sé cua dé1 twong W (s)va cac chi tiéu chat
luong yéu cau o_,t°, Ao

|
- Xac dinh hé s héi tiép K theo(3. 10). ham truyén mong
muén W’ (s) theo (3.11)wva cac ham truyén W *'(s) theo
(3:39)
v
- Lvra chon cau tric bé diéu chinh W (s) theo (3. 1) cua fimg
> vong (m.n).
- Thiét 1ap cac diém nit ndi suy: 8,A8,8 theo(3.29)

-
- Thiét lap va giai phuong trinh téng hov lan hrot (34) cho
tirng vong. hoac dong thon (3.46) cho ca hé.
- Xac dinh cac chi tiéu 0, ,1", cua hé sau tong hop.

Kiém tra didu kién
Khong thoa (3.2) hoac (3.3)
man

Khao sat hé sau tfmg hop

Hinh 3.8. Luu do thudt todn téng hop bo diéu chinh ciia hé théng tw dong

nhiéu vong
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3.5.2. Xdy dung chwong trinh tong hop
Pé kiém tra tinh diing dan cua thuat toan trén, dudi day nghién ciru sinh
s& xdy dung chuong trinh téng hop cho hé truyén dong dién ty dong gdm ba
vong diéu khién: dong, tdc do va vi tri str dung dong co mot chiéu kich tir doc
1ap c6 cac tham $6: Cong suat dinh muc dong co dién P =200W); di¢n ap
phan tng dinh mac U, =110(V); dién ap kich tir dinh mac U, =110(V) ; téc do
dinh mirc n=3000(v/ p); dong dién phﬁn ung dinh muc 1, =2.46(A); dién tro
cudn ddy phan tng R, =0.726(Q) ; dién tr& cudn day kich tir R, =560(Q) ; mo
men quan tinh dong co J =0.08(kg.m?); hing sd thuc nghiém C,=0.4. Céc
tham sb bo bién ddi: dién ap ra U, =230(V), dién ap ra U, =10(V), tin sb
chuyén mach f =500(Hz), dién tré twong dwong mach lucR,, =0.06(Q2). Giao
dién chinh cua chuong trinh dugc chi ra trén hinh 3.9.

CHUONG TRINH TU DONG TONG HOP BO DIEU CHINH CUA CAC HE THONG CO DIEN TU NHIEU VONG

1404 o . “ie
1 P Ki
NHAP THAM SO MONG MUON HE THONG I B8 14,56 () XAC DINH HE SO HOI TIE
D0 qua chinh 5 % 43 | Y v f ‘s Tim & K K <=t 0204
Sa 58 35 qud chinh cho phép 01 “ ‘Il >,
Thn gan quéd 60 05 s |4 ",'.,v__ : : : Chon Ki = 1
Sa b thin gan qué 80 01 - MY, - | S - :
Ddu ra xic Wp mong mubn 03 _{".‘J A aj ¥ ; ¢ Chon cdu tric bd didu chinh
T h3) P -
Ham tuyda mong muda 06 { / A ‘ (U
0027625 +1 a4 4/ i/ h2(t) : : Chonmitnisuydhy 01
W) 11 DY rdng Gém nx suy 01
000092068 s*2 «0 0552415+ 1 02 }‘) /i S } Chon nit ndx suy col 10
D6 qué chinh 051206 £(s)
Thir gian qué 49 0001758 | O g YN T ) (A:s T TN Soci
Ham truyén phin khong dol Xéaddth | Ddc trung qua 89 | Zoom uulsoou.v:..g
cua timg vong l&p - Ving diim nds suy théa man
= bip)sp ¢+ b1 s + b0 Ham truyén bd di¢u chinh P
W (s)= (1=1.2.3)
aq)s'qr *als+ 0
h e Wis) = Kp =8 3 HE THONG SAU TONG HQP
) 916 1200.018) D0 qué chinh 0%
25 aoszon | 2 887 2 w2877 Thén gian qua G0 037117
E §15.2841 2 nocsy 2N m
- D4 qua chinh 0 —Nemsidingco | _Naipwaucs | Seve! | | A=
Kndo S8 | Thon gan qua 68 38208 Téng hop ving ding &dn_ | Téng hop weg At | 4

Thoat

Hinh 3.9. Giao dién chwong trinh tw dong téng hop bo diéu chinh ciia hé

thong co dién tir nhiéu vong
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Két qua tinh toan cac tham sb cua bd diéu chinh trong timg vong dong,
tdc d6 va vi tri duoc chi ra trong bang 3.2, con so dd céu trac hé théng sau
tong hop va két qua moé phong duoc chi ra tuong tng trén hinh 3.10, 3.11.

Bing 3. 2. Tham s6 ciia Cac b diéu chinh sau tong hop

Vong dong dién Vong toc do Vong vi tri
Ky = 0.74245 Kp = 11.1517 K, =8.3
Ki=1.1402 Ki=0 Ki=0
Kq=0.055204 Kq=0.26241 K¢g=0

Ki=1 Ky=1 K:;=1

K_m
J

Stepd Tranger Fend

FID(s) b _ch > & S 1_ B Kﬂ 3 1.
TepsH T1aH T2s4 Is s
Tr

angfer Fen2 Inkegrator?

Dja@}pmm¢Q}+ng

Stepl BaBC it B4 BC tic dd Saturabon B3 BC dong Babiinddi  Trangfer Fent Trander Fenf

L = SR TS I :
LZL§ I I ‘ .
1

HATS S N s

. s a a

" . " ' ' " "
']_ﬁ'.l s i i a a
L R T T [ S S -
" - h ' ' o )

u " 1 ' ' " "

1 N R S i i P R R |
0 0.5 1 1.5 2 35 1(s) 3

Hinh 3. 11. Cdc qud trinh qud dg cia hé théng trudce va sau tong hop
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(h,,(t)- déic trung qua do vong dong (M), toc dé(rad/s) va vi tri (rad)
twong ung cua hé thong truée khi tong hop; h,sqt)- dic trung quda dé
vong dong (A), toc do(rad/s) va géc quay (rad) twong ing cua hé thong
sau tong hop)

Tur viéc phan tich cac cac qua trinh qua dg, chung ta xac dinh dugc thoi
gian qud d0 va dd qua chinh trong tung vong ldp: vong dong:
th =0,01(s),0,, =12,9%; vong téc do: tl =0,041(s),0, =10,2%; vong vi tri:
t;’; =0,1(s),0,, =0%. Nhu vay, cac bd diéu chinh nhan duoc dap tmg cac chi
tiéu chat luong yéu cau cia hé théng (hinh 3.11). Két qua tinh toan va mo
phong cho thiy hiéu qua cua thuét toan tong hop dua trén phuong phap noi
suy thuec.

3.6. Két luan chwong 3

Trong chuong 3, nghién ctru sinh da thuc hiéncac noi dung: Thiét lap
phuong trinh va thuét toan téng hop bo diéu chinh cua cac hé thoéng diéu
khién ty dong nhiéu vong theo phwong phap noi suy thuc; Khao sat cac
cach hiéu chinh tham sé bd diéu chinh sao cho hé théng duogc tong hop
dap tng cac chi tiéu chat luong cho truéc; Xay dung chuong trinh ty dong
tong hop, kiém chiéng tinh xac thuc thuat toan da dé& xuat cho mot hé

thong cu thé.
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Chuong 4
XAY DUNG HE TRUYEN PONG PIEN HAI PONG CO CO CHUA
BANG TAI PAN HOI DANG VONG KIiN

4.1. Tong hop hé thong diéu khién

Trong phan nay, nghién ctru sinh s& thyuc hién tinh toan cic bd diéu chinh
cho hé truyén dong dién ty dong hai dong co co chira bang tai dan hoi dang
vong kin ¢6 so d6 cau trac nhu trén hinh 1.11 dwa trén thuat toan tong hop da
chi ra trong chuong 3. Hé thong diéu khién cho mdi dong co s& gom hai vong
diéu khién: tir thong va toc d6. Vong diéu khién tir théng gém vong lap dong
va vong lap tir thong, con vong diéu khién tdc do gom vong liap dong va vong
lap toc d9, trong d6 van tdc dai cta bing tai dugc 1ay ra tai dau truc dong co
duoc dua vao mach hdi tiép.
4.1.1. Tong hop vong diéu khién tir thong

1. Vong lap dong dién

Dua trén so do hinh 1.11, phuong trinh tong hop ctia vong lip dong sé

c6 dang:
K., 1/R,
d°'“()T Ss+1Ts+1
W, () = K 1/R (41)
1+ Ky Wy, (8).——™
T, s+1 T,s+1

voi: K, T - cac tham so cta bién tan; K, - Hé so hoi tiep ctia vong lap dong;

inv?

2
R,=R +R, tz“ trong d6: R, - Dién tré cia mach Stato; L,,- Dién cam tong

dugc tao nén boi tir thong trong khe hd cua dong co; L,- Dién cam twong

duong cua cudn day Roto; R'Z— Dién tr¢ quy doi vé Stato cta mach Roto;
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G A A ‘A 9 ?
T,= —Ll, trong do: o - HE so tan toan phan; L,- Dién cam twong duong cua
3

cudn day Stato; Wy, (s) - B diéu chinh dong dién (Chi s6 “1” biéu dién kénh
diéu khién cho dong co thir nhat); Wn',f,d (s)- ham truyén dat mong mudn cia
vong dong dién.

Pé cu thé, dudi day ching ta s& thyc hién giai phuong trinh tong hop
(4.1) khi ding dong co khong dong bo 16 to 1ong séc c¢d cac tham sd:
L, =0.3135(H);L, =0.3178(H); 0 =0.0903;L =0.301(H);R, =6.602(C2); T, =0.00429(s);
T,=0.09287(s);z, =2,J,=0.033 va bién tan ¢4 tham so: dién 4p ra U, =230(V),
dién ap diéu khién U, =10(V), tan sb chuyén mach f =500(Hz),
K., =31.LT

inv

=0.625.10"(s).
Pé tinh cac tham sd cua bo diéu chinh dong dién WdlCld (s), trudce tién dya
trén cac chi tiéu chit luong mong mudn cho trudc cua vong dong dién:

o, =4%;t2 =0.08(s);H,, =1, ham truyén dat mong muén Wn'j,d (s) dugc tinh

bang mot trong cac cach dd néu trong muc 3.2.2, ching han theo cong thuc
(3.11) s€ co dang:

0.012s+1
A4%107's* +2.4*10%s+1
Heé s hoi tiép mach dong k, dugc chon tir diéu kién (3.10): k, =1. Khi

(4.2)

WE (s) =
mld() 2

nay, véi bo diéu chinh dong c6 dang PI:
d

K
Wy, (s) =K; +?', (4.3)
hé thtrc (4.1) c6 dang tuong minh:
Kis+K; 31.1 0.15
0.012s +1 ~ s 0625.10"s+1 429*107s+1 (4 4
24%107s"+24%107s 41 | KSs+K; 31.1 0.15

s 0.625.10"s+1 4.29*103%s+1
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Trong (4.4) c6 hai hé s6 can tim: K¢ K¢, vi vay can chon hai diém nut
noi suy (J,,6,) dé dam bao phuong trinh c6 nghiém duy nhat. Dé thyc hién
phép lap, khoang ndi suy dugc chon: §e[0.1-2], con budc ndi suy:

AS =0.1. Két qua tinh toan nhan duoc bo diéu chinh:

—0.044s +11.87
Wdlcld (s)= S (4.5)

Vva cac chi tidu chét lugng dugc dan ra trong bang 4.1, con cac qué trinh qué
do duoc chi ra trén hinh 4.4 .

Bing 4. 1. Két qua tong hop vong ldp dong dién

Vvong | Khoang | B¢ diéu chinh Danh gia chat luong
1ap | noisuy Tham s6 mong Tham s6 tong hop
mudn

0y %0 ty () H, | 0,% tct]rc]i (s) | H

Dong | [0.1-2] | —0.0445+11.87 | 4 [ 008 [ 1 | 1.48 [0.036| 1

dién S

2. Vong lap tur thong
Phuong trinh téng hop clia vong ndy c¢6 chira vong lap dong, dugc biéu
dién bang hé thuc:
Lm
T,5+1
Lm
T,s+1

Wy, (S)W,q (3).
WX (s) =
Mgy

(4.6)

1+k, '\Ndlcqﬁd (5)W,q (s).

: L > N A o
voi: T, = R—?; W, 4, (8)- b0 diu chinh tir théng, con ham truyén dat cia vong
2

lap dong voi bd diéu chinh (4.5) duge xac dinh theo biéu thuc:

_0.044s+11.87 311 0.15
_ S '0.625.10%s+1 4.29*103s +1
Wiq (8) = |, 00445+1187 311 0.15 (4.7)

S '0.625.10%s+1 4.29*103s +1
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Ham truyén dat mong mudn Wn'f¢d (s) vo1 cac tham s6 yéu cau cho trudc:
Oy = 4%;tqydc =0.15(s); H_ =1 s€ co dang:
0.022s +1
W, () = . 4.8
m () 8*107s? +0.044s +1 q (49)
Thuc hién giai phuong trinh tong hop (4.6) theo cach nhu tong hop vong

dong dién voi: khoang ndi suy: §€[0.1-2]; budc ndi suy: AS=0.1; hé $6

héi tiép: k , =1, ching ta nhan duoc bo diéu chinh tir thong dang PI:

7.293:85.73’ (4.9)

Wdlcqﬁd (S) =

va cac chi tiéu chat luong cua hé sau tong hop duoc liét ké trong bang 4.2,
con qua trinh qua d6 dugc biéu dién trén hinh 4.5.

Bing 4. 2. Két qua tong hop vong diéu khién tir thong

Vong | Khoang | B diéu chinh Panh gia chat lugng hé thong
lap | noi suy Tham s6 mong Tham s6 tong hop
mud6n

o, % | t5(s) | H, | 0,% t;?j (s) | H,

Tu |[01-2]| 729s+8573 | 4 | 015 | 1 | 34 | 0.5

Step Response

Amplitude

o 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16
Time (seconds)

Hinh 4. 1. Cdc qua trinh qud d@5 ciia mach dong: 1- mong muon; 2- tong hop
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Step Response

——1

e

Amplitude

02 . s s s s
0] 0.05 0.1 0.15 0.2 0.25 0.3
Time (seconds)

Hinh 4. 2. Qud trinh qud dé ciia vong tir théng: 1- mong muon; 2- tong hop
4.1.2. Tong hop vong diéu khién toc dd
Véi so d6 cau tric trén hinh 1.11, vong diéu khién téc d6 c6 ba vong
lap riéng biét 16ng nhau: dong dién, téc do. Vong lap dong duoc téng hop nhu
trong kénh diéu khién tir thong. & ddy chung ta s& xem xét viéc tong hop vong
diéu khién toc do.

Trong vong diéu khién toc d6 c6 mit bang tai dan hoi (W, (s)). Khi:

G=2 =7, A=1-2%/1=04, u="2-11 ;1 -Te_0 po1.R=1i=4,
m

2a m, y
ham truyén dat mé ta bang tai (1.11) s& c¢6 dang:
. 14ch(s)
W, (s)= . 4.10
a(®) sh(s) + 22s.ch(s) (4.10)

Duya trén so d6 cau triac hinh 1.11, chung ta thiét 1ap duoc phwong trinh
tong hop vong diéu khién tc do c6 chira bing tai dan hoi:
L 'Lwd: (S)i
2L, Rp IR,
3L 1 .. 1 (4.11)
1+k W (SW,, (). =™ —— W, (S). -~
2L, Rp IR,

Wi, (8) Wy (5).

W, (5) =
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v6i: WE (s)- ham truyén dat mong mudn cta vong toc do; Wi (s)- ham
truyén dat ciia b diéu chinh toc do; W 4 (S)- ham truyén dat cta vong dong
c6 dang (4.7); W (s)- ham truyén dat mong mudn cta vong tdc do, véi cac

tham s6 yéu cau cho trude: o, =4%;ty; =0.5(s);H,, =3, s¢ c6 dang:

1 Lgd
B 0.2265s + 3
9.56*10°s%+0.155 +1

W, (s) (4.12)

Thuc hién giai phuong trinh tong hop (4.11) theo cach nhu tong hop
vong dong dién voi: khoang ndi suy: §€[0.1-2]; budc ndi suy: AS=0.01;
hé sb hoi tiép: k, =1, ching ta nhan duoc bod diéu chinh tdc do dang PI:

W2 (s)= 55.7958+ 8.68 | (4.13)

va cac chi tiéu chat luong ciia hé sau tong hop duoc liét ké trong bang 4.3,
con qua trinh qua d6 dugc biéu dién trén hinh 4.6.

Bing 4.3. Két qua tong hop vong diéu khién téc do

Vvong | Khoang | B0 diéu chinh Panh gia chat luong hé thong
lap | ndisuy Tham s6 mong Tham s6 tong hop
mudn

0% | 15(s) | H, | 0% | tiy(s) | H

tqd d

Toc |[0.1-2]| 55.79s+8.68 | 4 | 05 | 3 | 1 | 036 | 3

do 5
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Step Response

Amplitude

0] 0.1 0.2 0.3 0.4 0.5 0.6 0.7
Time (seconds)

Hinh 4. 3. Qud trinh qud dé ciia vong diéu khién toc dg: 1- mong muén; 2-
tong hop
4.2. M6 phéng, danh gia hé thong diéu khién sau tong hop

Duéi ddy, nghién ctu sinh tién hanh xay dung chuong trinh trén Matlab
tu dong tong hop cac bo diéu chinh cho hé truyén dong dién hai dong co chu
dong co6 chira bang tai dan hoi (hinh 1.11). Toan bd code chuong trinh dugc
dan ra trong Phy luc II. Giao dién chwong trinh chinh duoc chi ra trén hinh
4.4, gdm céc khdi chirc ning sau:

1. Module “Ham truyén doi twong”, cho phép nhap cac tham sd, tinh
toan va hién thi ham truyén dat twong tng cua dong co, bién tan va bing tai
dan hoi.

2. Module “Chi tiéu chdt lwong ciia hé théng”, cho phép nhip cac chi
tiéu chat luong yéu cdu cua timg vong diéu khién gdm thoi gian qua do, do
qua chinh, sai s0 quéa chinh, sai s6 xac 1ap. Khi an nat “xac nhan”, chuong
trinh s& tu dong tinh toan va hién thi ra cidc ham truyén kin mong mudn cua
ting vong diéu chinh dong dién, téc d6 va vi tri theo cong thire (3.11).

3. Module “T 5ng hop cac vong diéu khién”, thuc hién chon ciu tric bo

diéu chinh, khoang ndi suy va tinh toan tham s6 cua cac bg di¢u khién, dong
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thoi danh gia va hién thi chi tiéu chit luong cta timg vong: dong dién, tir
thong, tdc d6 va vi tri ctia hé théng.
4. Module “Chdt lwong hé thong tong hop”, dé hién thi chi tiéu chat
lwong va dic trung qua do cua timg vong diéu khién twong tmg.
Pé danh gia cac chi tiéu chat lugng cua hé théng sau tong hop, ching ta
str dung mat trong nhitng md hinh xap xi ciia ham (1.11) nhan duoc theo thuét
toan da dan ra trong chuong 2, duoc biéu dién bang biéu thic:

0.03529s* —2.55*10°°s® + 0.2704s* —3.299*10%s + 0.298
0.1122s° +0.8735s° + s

W, (s) = (4.14)

So db ciu triic md phong hé thong sau tong hop trén Simulink duge chi
ra trén hinh 4.5, cic qua trinh qua do trong cac vong diéu khién dong dién, tir
thong, toc do duoc chi ra trén hinh 4.6, 4.7 twong tng, con dang do thi biéu
dién su bién thién luc cang va d6 sai 1éch luc cang trén hai truc dong co, dugc
chi ra trén hinh 4.8, 4.9.

Cac két qua tinh toan nhan duoc nhu sau: Thoi gian qua do va do qua
chinh trong timg vong lap: dong: ty =0.036(s),0,, =1.48%; tir thong:
t§ =0.15(s), 0, =3.4%; toc do: t& =0.36(s),0,, =1%. Dicu nay cho thay,
bo diéu chinh nhéan dugc dap ung cac chi tiéu chat luong cho trudc cua tung
vong lap trong hé thong.

D6 thi trén hinh 4.8, 4.9 cho thay: sy bién thién luc cing ciia bang tai tai
hai truc dong co déng bo nhau va sai 1éch luc cang trén hai truc dong co do
sai 1éch tbc do cua cac dong co gay ra hau nhu khong co. Két qua tinh toan va
mo phong cho thay tinh xac thyc ctua phuong phap tong hop dé xuét, né cho
phép thao tac truc tiép voi mo hinh gde mé ta bang tai (1.11) ma khong gip
kho khin dang ké nao.
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Hinh 4. 6. Qud trinh quad do vong dong dién
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Hinh 4.7. Qué trinh qué dé vong téc dé
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Hinh 4. 8. Biéu dién luc cang cua bang tai tai dau truc hai truc dong co
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Hinh 4.9. Sai léch luc cang ciia bang tai girra hai truc dong co

4.3. Xay dung md hinh thuc nghiém hé truyén déng dién hai dong co' co
chira bing tai dan hoi

Viéc xay dung mé hinh thuc nghiém duoc thuc hién trong khudén kho
cta dé tai: “Xay dung hé thdng truyén dong dién tu dong nhiéu dong co chi
dong duogc lién két v4i nhau boi céac phén tir dan hoi” véi M sé: DTT2018-
03-B, theo hop dong Sb: 70/HD-SKHCN ngay 23/8/2019 v6i S Khoa hoc va
Cong nghé tinh Pong Nai, da duoc nghiém thu 5/2021.
4.3.1. So' @6 chirc ning ciia hé thong

Mo hinh ciu trac tong quat ctia hé truyén dong hai dong co khong dong
bo lién thudc nhau bdi bang tai dan hoi, duoc chi ra trén hinh 4.10, bao gém
cac thanh phan chinh: May tinh (1); Bo mach chinh (2); Cong tic to (4,5);
Mach xir 1y va khuéch dai tin hiéu loadcell (3); Bién tan (6,7); Pong co (8, 9)
kém hop giam tdc; Encoder (10, 11); Bang tai (12); Cam bién luc cing
loadcell (13).
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Hinh 4.10. M6 hinh tong quat hé truyén dong hai déng co ¢é bing tdi dan hoi

So d6 chic ning hé thong diéu khién tuwong tmg véi ciu tric trén hinh

4.10 duoc chi ra trén hinh 4.11, bao gdm:

Thiét bi
| diéu khién |
giamsat |
hé thong
Y Y
Thiét bj Thiét b
diéu khién diéu khién
dong co' 1 dong co 2
Khuéch Cam . Khuéch
. . A as Tai trong . .
dai cong bien tai bine tii dai cong
suat 1 trong g suat 2
f
Y A A
Do toe dd | _ N - A A S gaean AL | n | Do tée dp
dongcol [ Pong co' 1 - HE thong bang tdi dan hoi [« Pong co 2 ™ Dong co 2

Hinh 4.11. So do chirc ndng hé thong diéu khién gidm sdt hé truyén dong

bdng tdi véi hai déng co lién két dan hoi
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- H¢ thong bang tai dan hoi: ¢6 dang tang quin st dung vat liéu dan
hdi va duoc truyén dong bang hai dong co chu dong. Vat liéu st dung 1am
bang tai co két cdu dan hoi v6i hé s dan hdi phu thude timg loai vat lidu.
Thong thuong sir dung cac loai vat liéu dang soi vai két hop cao su.

- Tdi trong bdng tai: Khoi nay dung dé thay doi tai trong cua bang tai
trong qua trinh hoat dong. Dé thuc hién thay ddi tai ¢ thé dat thém cac vat
nang 1én bé mit cta bang tai, hoac tao cac luc nén cudng buc Xuéng bé mit
bang tai. Do bang tai lién tuc chuyén dong cho nén thay ddi tai trong str dung
thiét bi tao luc nén xuéng bé mat bang tai s¢ thuan ti€n hon.

- Cdm bién tdi trong: Khoi ndy dung dé do ludng tai trong dat 1én bé mat
bang tai va dua vé thiét bi diéu khién va giam sat dé hién thi do 16n cua tai
trong phuc vu cho bio toan 6n dinh va dong bd toc d6 2 dong co trong hé
thong bang tai dan hoi.

- Péng co 1, 2: Pay 1a cac dong co xoay chiéu khong dong bd 3 pha roto
16ng soc co truc dau ra dugc ghép nbdi voi cac tang quan cia hé thong bing
tai. Pong co ghép ndi thong qua hop giam tdc, thong thudng chon loai dong
co da c6 hop giam tdc.

- Po téc dé dong co 1, 2: Cac khdi nay c6 nhiém vu do luong tde do tic
thoi ctia truc dong co trude hop giam téc dua vé cac Bo diéu khién dong co 1
va Bo diéu khién dong co 2 twong Gmg dé 1am tin hiéu phan hoéi phuc vu cho
bai toan diéu khién va ddng bo tdc d6 hai dong co truyén dong bang tai.

- Khuéch dai cong sudt 1, 2: Cac khoi nay c6 nhiém vu khuéch dai tin
hiéu diéu khién dé diéu khién tdc do cac dong co 1 va 2 tuong Gng. Cac khdi
khuéch dai cong suat dbi voi dong co xoay chiéu thuong sir dung bién tan.

- Thiét bi diéu khién dong co 1, 2: Hai khoi nay dung dé diéu khién va 6n
dinh téc d6 cua timg dong co twong tGng theo 1énh diéu khién chung tir khdi

diéu khién va giam sat hé thong. Cac thiét bi diéu khién dong co c6 thé thuc
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hién trén co s& cac vi diéu khién chuyén dung, cac vi xur Iy hoac cac thiét bi
logic kha 1ap trinh. Pdi véi cac hé théng trong cong nghiép néi chung va hé
truyén dong bang tai dan héi néi riéng, thudng sir dung cac thiét bi logic kha
lap trinh dé diéu khién, cu thé 1a cac thiét bi PLC. Cac thiét bi nay duoc ché
tao dam bao cho moi truong lam vi¢c trong cong nghiép.

- Thiét bi diéu khién gidm sdt hé thong: Day 1a khoi diéu khién trung tim
¢6 nhiém vu diéu khién 6n dinh va déng bo tdc d6 cac dong co trong h¢
truyén dong biang tai dan hoéi. Tin hiéu tbec do dat s& duoc thuc hién theo
phuong phép diéu khién ndi tiép hodc diéu khién song song cho hai dong co,
khi d6 mdi bo diéu khién cua tung dong co s€ nhan dugc mot tdc dd theo ty 1€
nao do6 twong Gmg voi ty 1& déng bo téc dd cua toan bd hé thong.

4.3.2. Thiét ké phan cing hé thong

Cac linh kién phan ctng duoc dung dé thiét ké mé hinh thuc nghiém bao
gom:

1. M6 hinh phan co hé truyén déng dién bang tdi: duoc chon véi kich
thudc: Dai: 1088.00+0.50mm; Rong: 258.00+0.50mm; Cao: 277.50+0.50

mm, nhu chi ra trén hinh 4.12.

TTRNNN

Hinh 4.12. M6 hinh phan co hé truyén déng bang tdi
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2. Pong co chap hanh: ¢ ddy st dung dong co khong dong bo ba pha
roto 16ng soc, véi tham sé cho trong bang 4.4. So véi cac loai dong co khac,
dong co roto 10ng sA¢ ¢6 cau tao don gian, hoat dong tin cay. Hé théng truyén
st dung hé théng bién tin — dong co xoay chiéu di dat dugc dic tinh gan
gidng nhu déng co mot chiéu, ngoai ra hé thong bién tin — dong co xoay
chiéu con dat dugc nhiéu tinh ning nhu tu 6n dinh téc d6 va momen khi tai
thay d6i va c6 kha ning bao vé su ¢ cho dong co.

Bing 4.4. Théng so dong co khéng dong bé

Kiéu | Coéng Piénap | Socuc |Dongdién |Tiéu | Khoi
suat chuan | luong
GH-28 |0,55Kw |220/380V |4 2,01-1,16A | IP55 |13Kg
50Hz

3. Bién tan. D& tai lua chon bién tan G120 cua Siemen, gdbm ba khdi
chinh: Khdi nguon PM 240-2 c6 cong suat 0,75kW, Module diéu khién
CU240E — 2 va Man hinh BOP-2 la thiét bi dau vao va hién thi co ban, duoc
st dung dé van hanh va cai dit tham sé cho bién tan khi dugc két ndi voi
module diéu khién (¢ day 1a CU240E-2).

4. Phan hoi toc dp Encoder: Trén co s& phan tich wu nhuge diém cua céc
loai Encoder, dé tai lya chon Encoder E6B2 — CWZ6C 1a loai twong dbi c6
thong sé nhu trong bang 4.5:

Bing 4.5. CAc théng sé ciia Encoder E6B2 — CWZ6C

STT Tham s Gia tri

1 bién ap st dung 5~24VDC.

2 Dong tiéu thu max 80mA

3 S6 xung 600 xung /1 vong (600 p/r)

4 | S6 kénh xung 3 kénh xung riéng biét A, B, Z.
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5 | Tan sé dap ung téi da 100Khz

6 Dang ngd ra xung NPN cuc thu ho
7 buong kinh truc 6mm

8 buong kinh than 40mm

5. Thiét bi dieu khién S7-300 va giam sat HMI

a, Thiét bj diéu khién S7 — 300: Programmable Logic Controllers (PLC)
S7 - 300 la 1 dong PLC manh cua Siemens, S7-300 phu hop cho cac ung
dung 16n va vira véi cac yéu cau cao vé cac chic niang dac biét nhu truyén
thdng mang cong nghiép, chirc nang cong nghé, va cac chirc nang an toan yéu
cau do tin cay cao. N6 ¢ uwu diém: Toc do xtr Iy nhanh; Cau hinh cac tin hiéu
I/O don gian; Co nhiéu loai module md rong cho CPU va ca cho cac tram
remote I/O; Cong truyén thong Ethernet, Profibus duoc tich hop trén CPU, hd
trg cau hinh mang va truyén dir liéu don gian; Kich thuéc CPU va Module
nho gitip cho viéce thiét ké til dién nhé hon. Cac module S7 — 300 bao gom:

* Module nguon simatic PS 307 24: 307-1BA01-0AAQ0: Module nay c6
tac dung chuyén d6i dién &p tir 120VAC dén 230VAC thanh dién 4p 24VDC
phU hop véi dién &p lam viéc cia S7 300. Ngudn cung cap la loai 2A va la
mach céch ly c6 bao vé ngian mach, dién ap 6n dinh. M6 dun nay c6: Input:
120/230 VAC, Output: DC 24V, DC 2A.

* Module CPU: Can chon c6 kha ning dap tmg duoc Cac yéu cau cua
hé théng truyén dong nhu thiét 1ap truyén thdng, xay dung thuat toan diéu
khién bam va diéu khién vong kin,.... O day chon CPU 315 - 2DP( 315-
2AG10-0ABO) véi: ngudn cap 24VDC, Bo nhd 256KB, S& module mé rong
c6 thé két ndi véi CPU tdi da 1a 32. Trén CPU c6 hai cong truyén thong la
MPI va PROFIBUS-DP do d6 rét thuan loi khi thiét 1ap mang, c6 thé truyén
thng véi céc thiét bi cd thé lap trinh OP, cac thiét bi PLCs dong S5 va theo
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chuan truyén théng MPI, Profibus. Module CPU chira bo vi xtr ly, hé diéu
hanh, bo nha, cac bo thoi gian, bd dém, cong truyén thng.

* Module vao/ra sé DI/DO (Digital Input/Output): La module mé rong
cac cdng vao ra sb. S6 cac cong vao ra co thé mé rong 1a 8 hay 16 tiy thudc
vao tung loai module. Module dugc chon la SM 323 DI8/DO8xDC24V (323-
1BHO01-0AAO) co: 8 dau vao DI, 8 dau ra DO, Pién ap dinh mac 24VDC 0,5A.

* Module dau vao twong tw (Al): L4 module mo rong cac cong vao
tuong tu. Al chinh 1a nhitng bo chuyén d6i tuong tu sé 12 bit, tac 1a mdi tin
hiéu tuong tu duoc chuyén thanh tin hiéu s6 nguyén co do dai 12 bit. S6 cac
cong vao ra tuong tuy cO thé 1a 2, 4 hoic 8. Module dugc chon ¢ day 1a SM
3318Al (Analog input) 8x12 bit (311-7KF02-0ABO) v&i 8 du vao Al.

* Module dau ra tuwong tw (AO): La module mé rong cac cong ra twong
tu. AO chinh 1a nhiing bd chuyén d6i sé twong tu 12 bit. S6 cac cong vao
tuong tu ¢6 thé thé 1a 2 hoic 4. Module duoc lya chon & day 1a SM 332 AO
4x12bit 332-5HD01-0ABO0 véi 4 AO dang dién ap va 4 AO dang dong dién.

* Module dém xung toc dg cao: CO chire ning dic biét nhu dém, dinh
vi, diéu khién hoi tiép, diéu khién dong co budc, dong co servo, module
PID... Module duoc lya chon ¢ day 1a FM 350-1 voi: 6 chan dém xung
encoder chia 1am hai nhém: tin hiéu 5 VDC va 24 VDC, 3 dau vao DI, 2 dau
ra DO, Dién ap dinh mtrc 24 VDC.

b, Thiét bi giam sat HMI: HMI la giao dién van hanh gitra nguoi va
may thong qua PLC, ching duoc két ndi véi nhau bang cép tin hiéu. Khi
ngudi van hanh tac dong nhan nat trén man hinh hoic cai dat théng so, yéu
cau sé& duoc giri dén PLC, PLC diéu khién may moc day chuyén hoat dong.
Nguoc lai, hé thdng may méc day chuyén c6 thé gui trang thai hoat dong hoic
thong sé hién tai 1én man hinh HMI théng qua PLC gitp cho con ngudi thuc
hién qua trinh giam sat va diéu khién. Dé tai lva chon man hinh HMI
SIMATIC KTP700DP Basic 7” Display, vdi md 6VA2 123-2GA03-0AX0.
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6. Cac logi cam bién khac va thiét bj phy tro

a. Cam bién lyc Loadcell: Loadcell 1a thiét bi cam bién dung dé chuyén
ddi luc hodc trong lugng thanh tin hiéu dién. Pé tai lya chon loadcell keli
dang thanh dé xac dinh luc cing cua bang tai, c6 cac thdng sb: Tai trong (kg):
100; Cap chinh xé&c: OIML R60 C3; Cam bién loai Single Point; Dién ap bién
d6i (2 £ 0.002)mV/V; Pién tro dau vao: (381 + 4) Q; Pién tro dau ra: (350 +
1) Q; bién tré cach dién: > 5000 (& 50VDC) MQ; Pat chuin bao vé IP67;
Chat liéu: anodized aluminum; Qua tai an toan: 150 %; Kich thuéc san can toi
da: (600 x 800)mm; Chiéu dai day tin hiéu: 2m.

b) Can dién tu: Pugc sut dung dé do luong tai trong dat 1én bang tai.
Pé tai lya chon can dién tir Keli XK 3101, véi cac thong sé ky thuat: Hai bo
dau ra relay; Pau ra tuong tu: 0 ~ 20mA /4 ~ 20mA 0 ~ 5V/0 ~ 10V;
RS232/RS485; 24-bit A/D chuyén dbi, 16-bit D /A chuyén dbi; Man hinh 6
s6 LED.

c) Cép truyén thong Profibus: ding cho mang Profibus, khang nhiéu tét
nho 16p boc kép, duoc thiét ké dac biét dé lap rap, co hai 18i, vo boc kim.

d) Pau noi mang Profibus RJ45 (6ES7972-0BA12-0XA0): Pugc dung dé
ndi cac tram Profibus v&i cap mang Profibus, c6 tich hop san cac dién trg pha
hop, bo ndi RS 485 vai gdc ra cap 90°, dau cudi kieu 6¢ vit va toe do truyen
t6i da 12 Mbit/s.

e) Card Profibus CP 5611 A2: Dung dé két néi PC qua cép Profibus v&i
cac tram PLC, c6 toc do truyén dat tir 9.6Kbps ti 12Mbps. Cong RS 485 ¢6
kha ning chong sét.

So db lap rap hé thong duogc thé hién trén hinh 4.13, con md hinh thuc

nghiém hé truyén dong duoc chi ra trén hinh 4.14.
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Hinh 4.13. Panel diéu khién hé thong

{ >

!

Inverter I ' .

-
i)

Electronic scale

~  Varnable load Monitoring control computer
:-‘

Elastic conveyor
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4.3.3. Xay dung cic chwong trinh diéu khién, giam sat hé thong
Cac chuong trinh diéu khién trén Step7 va giam sat hé thong trén
WinCC duoc liét ké trong Phu luc 111. Giao dién diéu khién, giam séat hé théng

trén may tinh va HMI duoc chi ra trén hinh 4.15 véi cac ndt chic nang duoc

liét ké trong bang 4.6.

(M 1.042 Graph
Speed Conveyor

8:39:22 AM |

Hinh 4. 15. Giao dién diéu khién, gidm sat hé thong

Bdng 4.6. Churc nang cac nut bam va cdc ciwra so hién thi trén giao dién chinh

STT Tén Chirc nang

1 | Start Dung dé khoi dong hé thong truyén dong

2 | Stop Dung hé thng

3 | Graph Speed Conveyor | Hién thj do thi toc d6 bang tai;

4 | Graph Speed Motors Hién thi do thi toc do dong bo cua cac dong co

5 | Home Quay vé man hinh chinh

6 | Set Speed Conveyor Pit toc do cho bang tai theo m/phd

7 | Real Speed Conveyor | Toc do thuc té cia bang tai theo m/pht

8 | Speed Motors Téc do dit cho cac dong co duoc tinh tir toe
do dat bang tai, tinh theo vong/phat

9 | Speed 1, Speed 2 Toc @6 thuc té cua cac dong co, tinh theo
vong/phut
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4.3.4. Danh gia mo hinh thyc nghiém

1. Kiém tra hoat dpng va hiéu chinh hé thong

Viéc kiém tra hoat dong va hi¢u chinh h¢ théng duoc thuc hién theo cac
ndi dung sau:

1. Kiém tra két ndi theo so db nguyén 1y cua mach dong luc cAp ngudn
cho céc khdi trong mé hinh.

2. Cim dién dé kiém tra cép nguén cho céac tram PLC va bién tan, véi
diéu kién chua két ndi dau ra cia cac bién tin véi cac dong co va thé nhd cua
cac CPU phai duogc lap sin sang.

3. Khai bao c4u hinh cua cic tram twong Gng, sau d6 st dung cap MPI
lan luot nap cho cac tram.

4. Cai dat hoat dong cho bién tan. Dé diéu khién tir xa cac dong co qua
bién tan, cling nhu dam bao su hoat dong theo tdi uu theo ché d6 diéu khién
dong co cap ngudn tir bién tin, can phai cai dit bién tn dé nhan dang dong co.

5. Sau khi cai dat xong bién tan can kiém tra hoat dong cta ting bién tan
v6i dong co tuong tmg & ché do bang tay.

6. Kiém tra hoat dong cua bién tan va dong co khi diéu khién tir xa. Tién
hanh cho tung tram PLC tuong ting.

7. Kiém tra hoat dong cua cac encoder do toc dd dong co tuong tmg.

8. Kiém tra va hiéu chinh hoat dong vong kin diéu khién tdc do dong co
qua bién tdn. Qua trinh nay duogc thuc hién thong qua chuong trinh step7 va
giao dién diéu khién giam sat WinCC véi bo diéu khién PID. Viéc hiéu chinh
dam bao vdi cac thong s6 cua bd PID dat duoc chi tiéu chat lugng cua h¢
truyén dong yéu cau.

9. Qué trinh kiém tra va hiéu chinh ddi v&i bién tin va dong co va
encoder d6i v&i tram PLC con lai dugc thue hién tuong tu. Chi khi cac tram
riéng 1¢ dam bao hoat dong yéu cau ca vong hé va vong kin khi d6 méi thuc

hién ghép nbi dua vao hoat dong dong bo.
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10. Kiém tra va hiéu chinh két ndi mang truyén thong Profibus.

11. Kiém tra va hiéu chinh khi dua hé thong vao lam viéc déng bd. Thuc
hién nap chuong trinh diéu khién trén step7 cho 2 tram va chuong trinh diéu
khién giam sat trén WinCC & may tinh. Tién hanh thtr nghiém thay doi, hiéu
chinh cac tham sb cho dén khi dat cac chi tiéu yéu cau chat luong dé ra.

12. Kiém tra va hiéu chinh khi diéu khién qua HMI.

2. Ddnh gid qud trinh lam vigc ciia hé thong

Trong muc 4.1, da xac dinh dugc bo diéu chinh dong, tir thong va toc
d6 theo (4.1), (4.2) va (4.3) twong ung V6i tham sé dong co va bién tan da
biét. B6i v6i md hinh thuc té khi st dung bién tan diéu khién dong co, cac
thong s6 ciia bd diéu chinh dong va tir théng duoc thiét 1ap thong qua cai dit
bién tan bang chuong trinh STARTER. Con cac théng s6 cta b diéu chinh
tdc do duoc thiét lap trong cac bd PID cua cac tram PLC.

Qua trinh thir nghiém hé théng duoc thuc hién véi cac tbe do dat va tai
khac nhau, dwoc thé hién trén cac hinh 4.16-4.17. Mot s6 két luan rut ra tir cac
két qua thir nghiém thiét bi:

- Toc 0 cua hai dong co déu déng bo véi nhau va on dinh theo gid tri
tdc do dat. Khi khoi dong, tde do dong co tang vuot gia tri dat mot luong nho
nhung sau d6 nhanh chong tro vé gia tri dat.

- Tai thoi diém dong tai, tbc dd ctia mdi dong co déu co sy giam xudng
so v6i toc do dat nhung gia tri giam 1a rat nho va sém tré vé 6n dinh voi gia
tri toc do dat.

- Hé thdng dap tng nhanh voi tin hiéu diéu khién va su thay d6i cia tai,
qua trinh tré ctia dic tinh toc d6 giita cac dong co 1a khong déng ké.

Nhu vay, hé théng diéu khién dam bao dugc yéu cau on dinh va dong bo
bam tc d6 cua cac dong co trong ca ché do qua do va ché do xac 1ap. Sai I¢ch

luc cang cuia bang tai tai cac truc dong co, phat sinh do sai léch toc do gitra
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cac dong co khong dang ké. Hé thong thuc nghiém co d6 qua chinh, thoi gian
qua do sat voi két qua mo phong. Tuy nhién két qua kiém tra thyuc té cho thiy,
hé théng s& mat 6n dinh khi tai thay d6i 16n.

PO THI TOC PO CAC PONG CO’' TRONG HE TRUYEN DONG BANG TAI DAN HOI

1400 1400
1200 1200
1000 1000
800 800
600 600
400 /// 400
200 200
0 : : 0
8:42:28 AM 8:42:53 AM 8:43:18 AM 8:43:43 AM 8:44:08 AM
3/23/2021 3/23/2021 3/23/2021 3/23/2021 3/23/2021
m 1« » alla] KN
Trend Tag connection Value Date/time
Trend 1 TocDoDongco... 543.000000 3/23/2021 8:43:18:769 AM
Trend_2 PRM1 549 3/23/2021 8:43:18:769 AM
Trend_3 PRM2_HMI 548.980200 3/23/2021 8:43:18:769 AM
Back

Hinh 4.16. Biéu dé thay doi téc dé cdc dong co khi téc dé dat la
181vong/phiit va 543 vong/phit, tdi thay déi tir 0-10kg

PO THI TOC PO BANG TAI PAN HOI

16 16
14 14
12 12
10 \\ 10

D AN : D
. I/ X
2 2
) : : U]
8:45:06 AM 8:45:31 AM 8:45:56 AM 8:46:21 AM 8:46:46 AM
3/23/2021 3/23/2021 3/23/2021 3/23/2021 3/23/2021

(K] «]l»]ajal IRER N3
Trend Tag connection Value Date/time
Trend_1 DatTocDo_Ban... 4 3/23/2021 8:45:56:769 AM
Trend_2 PRM_BangTai_... 4.049592 3/23/2021 8:45:56:769 AM

Back

Hinh 4.17: Biéu dé toc dé bang tai thay doi tir 10m/phit -> 5m/phat ->
4m/phat -> 7m/phat khi tdi thay déi tir 0-10kg
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4.4, Két luan chuong 4

Trong chuong 4, nghién ctru sinh d3 thuc hién tinh todn cac vong diéu
khién tir thong va tdc do cta hé truyén dong hai dong co khong dong bo lién
két v6i nhau boi bang tai dan hdi v6i cac tham sd cu thé cua dong co, bién
tan, bang tai,.... Mo phong va danh gia chat luong cua hé thdng duoc tong hop
trén may tinh. Thiét ké va danh gia hé thong thuc nghiém diéu khién, giam sat
hai dong co. Cac két qua mo phong va thuc nghiém cho thiy hiéu qua cua
phuong phap va thuat toan di dé xuat, cho phép nang cao chét luong diéu

khién hé truyén dong nhiéu dong co c6 chira lién két dan hoi.
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KET LUAN VA KIEN NGHI

1. Két luan

Lu4n an d3 phat trién thuat toan wéc luong va tong hop hé thdng diéu
khién cho 16p d6i twong c6 tham sé phan bd dua trén phuong phap nodi suy
thuc, cu thé duoc ung dung cho viéc té)ng hop hé théng diéu khién truyén
dong hai dong co khong dong bd co chira biang tai dan hdi dang vong kin. Cac
két qua co ban ma luan an da dat duoc bao gém:

1. Xay dung md hinh ham truyén dat biéu dién mai lién hé giita luc cing
Vva van toc cua bang tai tai cac toa do khdng gian khac nhau. Phan tich va
danh gia cac phuong phap diéu khién hé truyén dong nhiéu dong co co chira
bang tai dan hoi.

2. Xay dung thuat toan udce luong ham truyén dat mé ta bang tai dan hoi
c6 chtra céc thanh phan quan tinh va siéu viét trong cac hé truyén dong dién
nhiéu dong co ung dung phuong phap ndi suy thuc. Xay dung chuong trinh tu
dong udc luong theo thuat toan di dé xuat va xac dinh mo hinh wéc luong
cho bang tai vdi cac tham sé cu thé.

3. Thiét 1ap thuat toan téng hop bo diéu chinh cua cac hé théng diéu
khién ty dong nhiéu vong bang phuong phap noi suy thuc va khao sat cac
cach thirc hiéu chinh tham sé b diéu chinh sao cho hé théng duoc tong hop
dap (g cé4c chi tiéu chat lugng cho trudc. Xay dung chuong trinh mé phong
kiém chiring thuat toan tong hop da dé xuét.

4. Xay dung so d6 cau tric va tong hop tham sé cac bo diéu chinh cho
hé truyén dong 2 dong co khong ddng bo co tinh dén anh hudng cua bang tai
dan hoi. M6 phong va xay dung mé hinh thuc nghiém kiém chimg, danh gia

chat luong caa hé théng vai céc bo diéu chinh duoc téng hop.
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2. Huéng nghién ciru tiép theo

1. Phd quat phuong phéap va thuat toan téng hop dugc xay dung dua trén
phuong phap ndi suy thuc cho cac hé thong co tham sb phan bd cu thé khac
(cac qua trinh gia nhiét, cac thiét bi ngdm dugc lai dit bang cap,...), dé co thé
danh gia duoc day da hon hiéu qua ctia phuong phap dé xuat.

2. Nghién ctru danh gia chat luong lam viéc cua hé thdng diéu khién
truyén dong nhiéu dong co co lién két dan hoi trong truong hop tai thay doi

16n (cac tham s cta bing tai sé thay doi theo).
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PHU LUC CAC CHUONG TRINH

I. Phu luc I: Chwong trinh wéc lwgng ) )
1. Module chwong trinh khéi “MO HINH HAM TRUYEN POl
TUQNG”

function nhapsolieu Callback (hObject, eventdata,

handles)

% KHAI BAO CAC THAM SO DOI TUONG LA BIEN TOAN CUC

global lamda; global muyl; global muyZ2; global g;

g = str2double (get (handles.qg, 'string')):;

muyl = str2double (get (handles.muyl, 'string'));
muy2 = str2double (get (handles.muy2, 'string'));
lamda = strZ2double (get (handles.lamda, 'string')):;

close(gcft);

function HAM TRUYNE DOI TUONG Callback (hObject,
eventdata, handles)
% HAM TRUYEN GOC CUA DOI TUONG THU NHAT wWdtl
syms s;
numl=g*sinh(s) .*cosh (lamda*s) ; %tu so ham truyen
sieu viet
denl=(sinh(s)) .2+
((muyl*muy2) *(s).”2).*((cosh(s))."2-
(cosh(lamda*s)) .”2)+ (muyl+muy2) *s.*sinh (2*s) ; gmau so
ham truyen sieu viet
Wdtl (s) = simplify (numl./denl);
% HIEN THI HAM TRUYEN GOC CUA DOI TUONG LEN textbox
Tl = evalc('Wdtl(s)"); T1 1 = T1(1ll:length(T1)-0);
set (handles.textHIEN THI HTDT 1, 'String',T1 1);
% HAM TRUYEN DOI TUONG THU HAI Wdt?2

num2= g* (sinh(2*s) + s*muy2.* ((cosh(s)).”2-
(cosh (lamda*s)) .”2));

den?
=(sinh(s)) ."2+s* (muyl+muy2) .*sinh (2*s) +s.”2*muyl*muy2.* (
(cosh(s)) .”"2-(cosh(lamda*s)) ."2);

Wdt2 (s) = simplify (num2./den?2);

% HIEN THI HAM TRUYEN GOC CUA DOI TUONG LEN textbox
T2 = evalc('Wdt2(s)"'); T2 1 = T2(1l:length(T2)-0);
set (handles.textHIEN THI HTDT 2, 'String',T2 1);
% VE DO THI Logarit HAM TRUYEN GOC CUA DOI TUONG
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1f get (handles.radiobutton HIENTHI Wdtl, 'Value')

== 1
xl = 0:0.001:100;
iomega = 1li*x1;
numl iomega=g*sinh (iomega) .*cosh (lamda*iomega) ;
denl iomega=(sinh(iomega)) .”2+
((muyl*muy?2) * (iomega) .”2) .* ((cosh (iomega)) .2~
(cosh (lamda*iomega) ) .”2)+ (muyl+muy?2) *iomega.*sinh (2*iome

ga);
Wdtl iomega = numl iomega./denl iomega;
axes (handles.axesHIEN THI DO THI) ;
hold off;

semilogx (x1,20*1ogl0 (abs (Wdtl iomega)));

elseif get (handles.radiobutton HIENTHI Wdt2,
'Value') == 1

xl = 0:0.01:100;

iomega = 1i*x1;

num2 iomega=g* (sinh (2*iomega) +
iomega*muy2.* ( (cosh (iomega)) .”2-
(cosh (lamda*iomega) ) .”2));

den2 iomega
=(sinh (iomega) ) .”2+iomega* (muyl+muy?2) .*sinh (2*iomega) +io
mega.” 2*muyl*muy2.* ( (cosh (iomega)) ."2-
(cosh(lamda*iomega)) ."2);

Wdt2 iomega = num2 iomega./den2 iomega;
axes (handles.axesHIEN THI DO THI) ;

hold off;
semilogx (x1,20*1ogl0 (abs (Wdt2 iomega)));
end
hold on;
grid on;
legend Wdt Wxx;
title(' Dac trung bien do tan so logarit')

xlabel ('Lg (omega) ")
ylabel ('L (omega) ")
2. Module chwong trinh khéi “THAM SO CAU TRUC HE THONG XAP
XI”.
function pmCHON HAM Callback (hObject, eventdata,
handles)
contents=cellstr (get (hObject, 'string'));
pmCHON HAM=contents (get (hObject, 'Value'));
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if (strcmp (pmCHON HAM, 'Chon ham de xem'))

popVal=1;

elseif (strcmp (pmCHON HAM, 'Bac 0/1: m=0; n=1"))
popVal=2;

elseif (strcmp (pmCHON HAM, 'Bac 0/2: m=0; n=2"))
popVal=3;

elseif (strcmp (pmCHON HAM, 'Bac 0/3: m=0; n=3"))
popVal=4;

elseif (strcmp (pmCHON HAM, 'Bac 1/1: m=1; n=1"))
popVal=5;

elseif (strcmp (pmCHON HAM, 'Bac 1/2: m=1; n=2"))
popVal=6;

elseif (strcmp (pmCHON HAM, 'Bac 1/3: m=1; n=3"))
popVal=7;

elseif (strcmp (pmCHON HAM, 'Bac 2/2: m=2; n=2"))
popVal=8;

elseif (strcmp (pmCHON HAM, 'Bac 2/3: m=2; n=3"))
popVal=9;

elseif (strcmp (pmCHON HAM, 'Bac 3/3: m=3; n=3"))
popVal=10;

end

assignin('base', 'popVal',popVal);

function btRUN Callback (hObject, eventdata, handles)
axes (handles.axesHIEN THI DO THI) ;
hold off;

ail0 =
strZ2double (get (handles.editDiemDau KhoangNoiSuy ai0,
'string'))

buoc ai = str2double (get (handles.editBuoc NoiSuy,

'string'))

ain =
str2double (get (handles.editDiemCuoi KhoangNoiSuy ain,
'string'))

Delta min = 0;

Delta min2 = 0;

%% THUC HIEN LUA CHON VA TINNH HAM XAP XI DUOC LUA CHON
giatrichon = get (handles.pmCHON HAM , 'value');
switch giatrichon
case 10
if get (handles.radiobtWdtl, 'Value') ==1
//// GOI HAM TINH XAP XI CHO HAM THU NHAT Wdtl

o\
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[Delta min9, Wxxtu9, a3339, a2229, alll9, b3339,
b2229, bl119, b0009, delta9l, delta%92, delta93, delta94,
delta95, delta96, delta97]=fl m3 n3;

D9=Delta min9;

Delta min = D9;

WO=Wxxtu9;

Wxxtu=W9;

% Ve do thi Logarit
x1l = 0:0.001:100;

iomega = 1li*xl;
numl iomega=g*sinh (iomega) .*cosh (lamda*iomega) ;
denl iomega=(sinh(iomega)) .”2+

((muyl*muy2) * (iomega) .”2) .* ((cosh (iomega)) .2~

(cosh(lamda*iomega)) .”2) + (muyl+muy2) *iomega.*sinh (2*iome
ga) ;

Wdt = numl iomega./denl iomega;

Wxx = (b3339.*iomega.”3 + b2229.*iomega.”2 +
b1119.*iomega + b0009)./(a3339.*iomega.”3 +
a2229.*iomega.”2 + alll9.*iomega + 1);

axes (handles.axesHIEN THI DO THI) ;

semilogx (x1,20*1ogl0 (abs (Wdt)),x1,20*1ogl0 (abs (Wxx))) ;
% CODE HIEN THI CAC DIEM NUT NOI SUY
set (handles.textSO DIEM NUT NOI SUY, 'String','7');
set (handles.textDetall, 'String',
strcat (num2str (delta9l), '*a'));
set (handles.textDetal2, 'String',
strcat (num2str (delta92), '*a'));
set (handles.textDetal3, 'String',
strcat (num2str (delta93), '*a'));
set (handles.textDetald, 'String',

strcat (num2str (delta94), '*a'));

set (handles.textDetalb, 'String',
strcat (num2str (delta95), '*a'));

set (handles.textDetal6, 'String',
strcat (num2str (delta9o6), '*a'));

set (handles.textDetal7, 'String',
strcat (num2str (delta97), '*a'));

elseif get (handles.radiobtWdt2, 'Value') ==1
% GOI HAM TINH XAP XI CHO HAM THU HAI Wdt2
[Delta min2 9, Wxxtuz 9, a2z 3339, a2z 2229,
az 1119, b2 3339, b2 2229, b2 1119, b2 0009, deltaz 91,
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delta2 92, delta2 93, deltaZ 94, delta2 95, delta2 96,
deltaz 97]=f2 m3 n3;

D2 9=Delta min2 9;

Delta min2 = D2 9;

W2 9=Wxxtuz 9;

Wxxtuz=Ww2 9;

% Ve do thi Logarit
x1 = 0:0.001:100;

iomega = 1li*x1;

num2 iomega=g* (sinh (2*iomega) +
iomega*muy2.* ( (cosh (iomega)) .”2-
(cosh (lamda*iomega)) ."2)) ;

den2 iomega
=(sinh (iomega)) .”2+iomega* (muyl+muy?2) .*sinh (2*iomega) +io
mega.” " 2*muyl*muy2.* ( (cosh (iomega)) ."2-
(cosh(lamda*iomega)) ."2);

Wdt2 = num2 iomega./den2 iomega;

Wxx2 = (b2 3339.*iomega.”3 + b2 2229.*iomega.”2

+ b2 1119.*iomega + b2 0009)./ (a2 3339.*iomega.”3 +
az_ 2229.*iomega.”2 + a2 1119.*iomega + 1);

semilogx (x1,20*1ogl0 (abs (Wdt2)),x1,20*10gl10 (abs (Wxx2))) ;
% CODE HIEN THI CAC DIEM NUT NOI SUY
set (handles.textSO DIEM NUT NOI SUY, 'String','7');
set (handles.textDetall, 'String',

strcat (num2str (delta2 91),'*a'));
set (handles.textDetal?2, 'String',
strcat (num2str (delta2 92),'*a'));

set (handles.textDetal3, 'String',
strcat (num2str (delta2 93),'*a'"));
set (handles.textDetald, 'String',

strcat (num2str (delta2 94),'*a'));
set (handles.textDetalb, 'String',
strcat (num2str (delta2 95),'*a'));

set (handles.textDetal6, 'String',
strcat (num2str (delta2 96), '*a'"));
set (handles.textDetal7, 'String',
strcat (num2str (delta2 97),'*a'"));
end
% BAT/TAT CAC Textbox DE HIEN THI CAC DIEM NUT NOI
SUY
set (handles.textBeta 1, 'Visible', 'On'");
set (handles.textBeta 2, 'Visible', 'On'");
set (handles.textBeta 3, 'Visible', 'On'");
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’

handles.textDetal6, 'Visible', 'On'
handles.textDetal’”7, 'Visible', 'On'

set
set

r

set (handles.textBeta 4, 'Visible', 'On');
set (handles.textBeta 5, 'Visible', 'On');
set (handles.textBeta 6, 'Visible', 'On'");
set (handles.textBeta 7, 'Visible', 'On');
set (handles.textDetall, 'Visible', 'On'");
set (handles.textDetal2, 'Visible', 'On'");
set (handles.textDetal3, 'Visible', 'On'");
set (handles.textDetald, 'Visible', 'On'");
set (handles.textDetal5, 'Visible', 'On'");
( )
( )

%% KET THUC DOAN CODE TINH XAP XI HAM TRUYEN
if get (handles.radiobtWdtl, 'Value') ==1
% HIEN THI SAI SO XAP XI LEN textbox
set (handles.textSAISO XAPXI, 'Visible', 'On');

set (handles.textSAISO XAPXI, 'String',num2str (Delta min))
% HIEN THI HAM XAP XI LEN textbox
TTT = evalc('Wxxtu'); TTT1 = TTT(1ll:1length (TTT) -
10);

set (handles.txtHIEN THI HTXXtu, 'String',numZstr ((TTT1)))
elseif get(handles.radiobtWdt2, 'Value') ==1
set (handles.textSAISO XAPXI, 'Visible', 'On');

set (handles.textSAISO XAPXI, 'String',num2str ((Delta min2
)) )
% HIEN THI HAM XAP XI textbox
TTT = evalc ('Wxxtu2'); TTT1l =
TTT(11l:1length(TTT)-10);

set (handles.txtHIEN THI HTXXtu, 'String',numZstr ((TTT1)))
end
% HIEN THI TIEU DE CAC TRUC TOA DO
hold on;
grid onj;
legend Wdt Wxx;
title(' Dac trung bien do tan so logarit')
xlabel ('Lg (omega) ")
ylabel ('L (omega) ")
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function [Delta min9, Wxxtu9, a3339, a2229, alll9,
b3339, b2229, blll9, b0009, delta9l, delta92, deltal3,
delta94, delta95, delta%96, delta97]=fl m3 n3;

%% Xac dinh cac gia tri x theo phan bo Chebyshev

syms x9 T9;

n9 = 7;

T9 (1) = 1;

T9(2) = x9;

T9(3) = x972-1/2;

for 1 = 3:1:n9

TO(1i+1) = x9*T9(1)-(1/4)*T9(1-1);
simplify( T9(i+1) ),

end

simplify( T9(n9+1) );

x19 = double( solve(T9 (n9+1),x9) );

syms delta9 a9;

% KHAI BAO CAC BIEN DE HIEN THI DIEM NUT NOI SUY
syms delta9l delta92 delta93 delta94 deltaS5 delta96
delta97;

%% Tim gia tri delta: delta = (1+xi)/(1-xi)*a;
for 1 = 1:1:n9

delta9 (i) = (1+x19(1))/(1-x19(1)) *a9;

end

$% XAC DINH CAC DIEM NUT NOI SUY
delta9l = double (deltad9(l)/a9);

delta92 = double(delta9(2)/a9):;:
delta93 = double (delta9(3)/a9);
delta94 = double(delta9 (4)/a9);
delta95 = double(delta9 (5)/a9);
delta96 = double (deltad9(6)/a9);
delta97 = double(delta9(7)/a9);:

%% KHAI BAO CAC BIEN TOAN CUC

global ail; global buoc ai; global ain;

global lamda; global muyl; global muy2; global g; global
1;

syms s;
%% Ham doi tuong ban dau:
numl=g*sinh (s) .*cosh (lamda*s) ;

denl=(sinh(s)) .2+
((muyl*muy2) *(s) .”2).*((cosh(s)) ."2-
(cosh(lamda*s)) .”2)+ (muyl+muy?2) *s.*sinh (2*s) ;

Wdtl9 = numl./denl;
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Wdt9=wdt19;

%% Dieu kien ban dau:

syms delta W9;

syms alll9 a2229 a3339;

syms b0009 bll1l9 b2229 b3339 aaal;

k = 0;

Delta min%=0;

$% Ve do thi (ai,delta W)

for ai9 = ail:buoc _ai:ain

k = k+1

delta 19 = double( subs(delta9, a9, ai9) );
syms al9 a29 a39 b09 bl9 b29 b39;

Ws9 = (b39*s”3 + b29*s"2+ bl9*s + b09)/(a39*s"3 +
a29*s”2 + al9*s + 1);

eqnl9 = subs(Ws9, s, delta 19(1))== double( subs (Wdt9,
s, delta 19(1)) )

eqn29 = subs(Ws9, s, delta 19(2))== double( subs (Wdt9,
s, delta 19(2)) );

egqn39 = subs (Ws9, s, delta 19(3))== double( subs(Wdt9,
s, delta 19(3)) );

eqnd49 = subs (Ws9, s, delta 19(4))== double( subs(Wdt9,
s, delta 19(4)) )

eqn59 = subs (Ws9, s, delta 19(5))== double( subs (Wdt9,
s, delta 19(5)) )

egqn69 = subs (Ws9, s, delta 19(6))== double( subs(Wdt9,
s, delta i1i9(6)) )7

egqn’79 = subs (Ws9, s, delta 19(7))== double( subs(Wdt9,
s, delta 19(7)) )

eqns9 = [eqnl9 eqn29 eqn39 eqnd9 egnd9 eqgn69 eqn79];
vars9 = [al9 a29 a39 b09 bl9 b29 b39 1;

KQ9 = solve(eqns9, wvars?9);

al9 = double( K09.al9 );
a29 double ( K09.a29 );
a39 = double( K09.a39 );

b09 = double( KQ9.b09 );
bl9 = double( KQ9.b1l9 );
b29 = double( KQ9.b29 );
b39 = double( KQ9.b39 );

if a39>0 & a29>0 & alo>0
Wxx9 = simplify( (b39*s"3 + b29*s"2+ bl9*s +
b09)/(a39*s"3 + a29*s™2 + al9*s + 1) );
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delta new9 = 0.001:0.01:1;
delta W9 = double (subs (abs (Wdt9 - Wxx9), s,
delta new9));

Delta max9 = max(delta W9);
if Delta min9 == 0
Delta min9 = Delta max9;

alll9 = al9; a2229 = a29; a3339 = a39; Db0009 =
b09; blll9 = bl9; b2229 = b29; b3339 = b39; aaa% = ai9;

else
if Delta min9 > Delta max9
Delta min9 = Delta max9;
alll9 = al9; a2229 = a29; a3339 = a39;
0009 = b09; blll9 = blY9; b2229 = b29; b3339 = b39; aaa9
= ai9;
end
end
end
end
Wxxtu9 = tf([b3339 b2229 bl119 b0009], [a3339 az2229
alllo 17)

3. Module chwong trinh khéi “HAM XAP XI TOI UU”.

%% XAC DINH Deltaimin NHO NHAT DE TIM HAM TRUYEN XAP XI

TOI UU

if get(handles.CBl m3 n3, 'Value') == 1
D99=D9;

else
D99=0;

end

if get(handles.CBl m2 n3, 'Value') ==1
D88=D8;

else
D88=0;

end

if get(handles.CBl m2 n2, 'Value') ==1
D77=D7;

else
D77=0;

end

if get(handles.CBl1 ml n3, 'Value') ==1
D66=D6;

else
D66=0;
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end
if get(handles.CBl ml n2, 'Value') ==
D55=D5;
else
D55=0;
end
if get (handles.CBl ml nl, 'Value') ==1
D44=D4;
else
D44=4;
end
if get (handles.CBl1 m0 n3, 'Value') ==1
D33=D3;
else
D33=0;
end
if get (handles.CBl1 m0 n2, 'Value') ==
D22=D2;
else
D22=0;
end
if get(handles.CBl1 mO nl, 'Value') ==1
D11=D1;
else
D11=0;
end
ArrDelta min = [D11 D22 D33 D44 D55 D66 D77 D88 D99];
for 1ij=1: 1: 9
if ArrDelta min(ij)~=0
Delta min=ArrDelta min(ij);
for ii = i3: 1: 9
if (Delta min >
ArrDelta min(ii)) & (ArrDelta min (ii) ~=0)
Delta min = ArrDelta min(ii);
end
end
break;
end
end

axes (handles.axesHIEN THI DO THI TOI UU 1);
hold off;

if Delta min == D9
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WxxXtu=W9;
% Ve do thi Logarit
x1l = 0:0.001:100;

iomega = 1li*x1;

numl iomega=g*sinh (iomega) .*cosh (lamda*iomega) ;

denl iomega=(sinh(iomega)) .”2+
((muyl*muy?2) * (iomega) .”2) .* ((cosh (iomega)) .2~
(cosh (lamda*iomega) ) .”2)+ (muyl+muy?2) *iomega.*sinh (2*iome
ga) ;

Wdt = numl iomega./denl iomega;

Wxx = (b3339.*iomega.”3 + b2229.*iomega.”2 +
b1119.*iomega + b0009)./(a3339.*iomega.”3 +
a2z229.*iomega.”2 + alll9.*iomega + 1);

semilogx (x1,20*1ogl0 (abs (Wdt)),x1,20*1ogl0 (abs (Wxx) )
) ;
elseif Delta min == D8

Wxxtu=W8;

%% Ve do thi Logarit

x1l = 0:0.001:100;

iomega = 1i*x1;

numl iomega=g*sinh (iomega) .*cosh (lamda*iomega) ;

denl iomega=(sinh(iomega)) .”2+
((muyl*muy?2) * (iomega) ."2) .* ((cosh (iomega)) ."2-
(cosh(lamda*iomega)) .”2) + (muyl+muy2) *iomega.*sinh (2*iome
ga);

Wdt = numl iomega./denl iomega;

Wxx = (b2228.*iomega.”2 + blll8.*iomega +
b0008) ./ (a3338.*iomega.”3 + a2228.*iomega.”2 +
alll8.*iomega + 1);

semilogx (x1,20*1ogl0 (abs (Wdt)),x1,20*1ogl0 (abs (Wxx))) ;

elseif Delta min == D7

Wxxtu=W7;

x1l = 0:0.001:100;

iomega = 1i*x1;

numl iomega=g*sinh (iomega) .*cosh (lamda*iomega) ;

denl iomega=(sinh(iomega)) .”2+
((muyl*muy2) * (iomega) .”2) .* ((cosh (iomega)) .2~
(cosh(lamda*iomega)) .”2) + (muyl+muy2) *iomega.*sinh (2*iome

ga);
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Wdt = numl iomega./denl iomega;
Wxx = (b2227.*iomega.”2 + blll7.*iomega +
b0007) ./ (a2227.*iomega.”2 + alll7.*iomega + 1);

semilogx (x1,20*1ogl0 (abs (Wdt)),x1,20*1ogl0 (abs (Wxx))) ;
elseif Delta min == D6

WxXtu=Wo;
xl = 0:0.001:100;
iomega = 1li*xl;
numl iomega=g*sinh (iomega) .*cosh (lamda*iomega) ;
denl iomega=(sinh(iomega)) .”2+
((muyl*muy?2) * (iomega) .”2) .* ((cosh (iomega) ) ."2-

(cosh (lamda*iomega) ) .”2)+ (muyl+muy?2) *iomega.*sinh (2*iome
ga) ;

Wdt = numl iomega./denl iomega;
Wxx = (blll6.*iomega + b0006)./(a3336.*iomega.”3 +
al2z226.*iomega.”2 + allle6.*iomega + 1);
semilogx (x1,20*1ogl0 (abs (Wdt)),x1,20*1ogl0 (abs (Wxx))) ;
elseif Delta min == D5

Wxxtu=W5;

x1 = 0:0.001:100;

iomega = 1i*xl1;

numl iomega=g*sinh (iomega) .*cosh (lamda*iomega) ;

denl iomega=(sinh(iomega)) .”2+
((muyl*muy?2) * (iomega) ."2) .* ((cosh (iomega)) ."2-
(cosh (lamda*iomega) ) .”2)+ (muyl+muy?2) *iomega.*sinh (2*iome
ga);

Wdt = numl iomega./denl iomega;
Wxx = (bll1l1l5.*iomega + b0005)./(a2225.*iomega.”2 +
alll5.*iomega + 1);

semilogx (x1,20*1ogl0 (abs (Wdt)),x1,20*1ogl0 (abs (Wxx)) ),
elseif Delta min == D4

Wxxtu=W4;

x1l = 0:0.001:100;

iomega = 1i*x1;

numl iomega=g*sinh (iomega) .*cosh (lamda*iomega) ;

denl iomega=(sinh(iomega)) .”2+
((muyl*muy?2) * (iomega) .”2) .* ((cosh (iomega)) ."2-
(cosh (lamda*iomega) ) .”2)+ (muyl+muy?2) *iomega.*sinh (2*iome
ga) ;
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Wdt = numl iomega./denl iomega;
Wxx (b1114.*iomega + b0004)./(allld.*iomega + 1);

semilogx (x1,20*1ogl0 (abs (Wdt)),x1,20*1ogl0 (abs (Wxx))) ;
elseif Delta min == D3

Wxxtu=W3;
x1l = 0:0.001:100;
iomega = 1li*x1;
numl iomega=g*sinh (iomega) .*cosh (lamda*iomega) ;
denl iomega=(sinh(iomega)) .”2+
((muyl*muy?2) * (iomega) .”2) .* ((cosh (iomega)) .2~
(cosh (lamda*iomega) ) .”2)+ (muyl+muy?2) *iomega.*sinh (2*iome
ga);
Wdt = numl iomega./denl iomega;

Wxx = (b0003)./(a3333.*iomega.”3 + a2223.*iomega.”2
+ alll3.*iomega + 1);

semilogx (x1,20*1ogl0 (abs (Wdt)),x1,20*1ogl0 (abs (Wxx))) ;
elseif Delta min == D2

Wxxtu=W2;

x1 = 0:0.001:100;

iomega = 1i*xl1;

numl iomega=g*sinh (iomega) .*cosh (lamda*iomega) ;

denl iomega=(sinh(iomega)) .”2+
((muyl*muy?2) * (iomega) ."2) .* ((cosh (iomega)) ."2-
(cosh (lamda*iomega) ) .”2)+ (muyl+muy?2) *iomega.*sinh (2*iome
ga);

Wdt = numl iomega./denl iomega;
Wxx (b0002) ./ (a2222.*iomega.”2 + alll2.*iomega +

1)

semilogx (x1,20*1ogl0 (abs (Wdt)),x1,20*1ogl0 (abs (Wxx)) ),
elseif Delta min == D1

Wxxtu=W1;
x1l = 0:0.001:100;
iomega = 1i*x1;
numl iomega=g*sinh (iomega) .*cosh (lamda*iomega) ;
denl iomega=(sinh(iomega)) .”2+
((muyl*muy?2) * (iomega) .”2) .* ((cosh (iomega) ) ."2-
(cosh (lamda*iomega) ) .”2)+ (muyl+muy?2) *iomega.*sinh (2*iome

ga);
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Wdt = numl iomega./denl iomega;
Wxx (b0001) ./ (allll.*iomega + 1);

semilogx (x1,20*1ogl0 (abs (Wdt)),x1,20*1ogl0 (abs (Wxx))) ;
end
set (handles.textSAISO XAPXItu, 'Visible', 'On');

t (handles.textSAISO XAPXItu, 'String',numZstr ((Delta mi

n)));
Ttu = evalc ('Wxxtu'); TTtu = Ttu(ll:length(Ttu)-10);

set (handles.txtHIEN THI HTXXtu, 'String',numZstr ((TTtu)))
hold on;
grid on;
legend Wdt Wxx;
title (' Dac trung bien do tan so logarit')
xlabel ('Lg (omega) ")
ylabel ('L (omega) ")

IL. Phu luc II: Chwong trinh tong hop

1. Module chwong trinh “Ham truyén doi twong”
global Ru;global Lu;global Ktp;global Ttp;
global a;global muyl;global muy2;global lamda;
global R;global i;global 1l;global matdo;
global Pm;global Um;global Velm;global Im;global p2;
global Wdc; global Wtpl; global Wdc s; global Wtp_ s;
global Thamsoht;
global Wpnl ul;global Wpn2;

Tu=Lu/Ru;

syms p;
Wde s = tf£([1/Rul, [Tu 1]);
Wdc = (1/Ru)/( Tu*p +1);

% Wdcico = Cm /(J*p)

% Wdc co s = tf([Cm],[J O]);
Wtp s = tf([Ktpl, [Ttp 11);
Wtpl = Ktp/ (Ttp*p +1);

Wd= tf([1/Rul, [Tu 11);
Wtp = tf ([Ktpl, [Ttp 11);

T=evalc ('Wd');T1=T(12:1length(T)-20);
set (handles.tfIdc num, 'String',T1l);

T=evalc ('Wtp');T1=T(12:1length(T)-20);
set (handles.tfbd num, 'String',T1);

Wpnl ul=uocluong pnl (muyl,muy2,lamda, a);
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Wpn2 = (0.03529*p"4 - 2.55e-06*p”"3 + 0.2704*p"2 - 3.299%e-08*p +

0.298)/(0.1122*p"5 + 0.8735*p"3 + p);

set (handles.text Wpn num, 'string',strcat(
',num2str (1/(2*a)), ' [sh2p + ', num2str (muy2), 'p ( (chp)
(ch',num2str (lamda), 'p)"2)]1"));

set (handles.text Wpn gach, 'string','--—-—-----------"—-"——-"—"—-———"—————

_____________________________ ');

set (handles.text Wpn den, 'string',strcat (' (shp)"2
', num2str (muyl+muy2), 'p*sh2p + ',num2str (muyl*muy2), 'p"2 (chp
ch',num2str (lamda), 'p"2) ")) ;

assignin('base', 'Wpnl ul', Wpnl ul);
% assignin('base', 'Wtp', Wtp):

assignin('base', 'Ktp', Ktp); assignin('base', 'Ttp', Ttp):;
assignin('base', 'Ru', Ru); assignin('base', 'Tu', Tu);
assignin('base’, i, i) assignin ('base’, 'R',

assignin('base', 'p', matdo);

2. Module chwong trinh “Chi tiéu chat lwong ciia hé thong”
global Hm d Tm d GO0l dHd osmin d;
global Hm v Tm v G02 dHv osmin v;
global Hm p Tm p GO03 dHp osmin p;

global kd ht;global ktd ht;global kvt ht;
global tfd mm; global tfv mm; global tfp mm;

global Wkd mm s; global Wkd mm; global Whd mm s; glo
Whd mm;

global Wktd mm s; global Wktd mm;global Whtd mm s; glo
Whtd mm;

global Wkvt mm s; global Wkvt mm;global Whvt mm s; glo
Whvt mm;

syms p;

o°
o°

Chi tieu yeu cau va ham truyen mong muon vong dong dien

~D—

R);

bal

bal

bal

Hm d = str2double(get (handles.Hm d, 'string')); %% do qua chinh

)

yeu cau %

Tm d = str2double(get (handles.Tm d, 'string')); %% thoi gian
qua do yeu cau s
G0l = str2double (get (handles.hl, 'string')); %% gia tri xac
lap mong muon
dHd = str2double (get (handles.dHl, 'string')); %% gia tri =xac
lap mong muon
kd ht=1/G01;
alphaO d = ( (log(Hm d/100))"2 )/(9/(Tm _d)"~2 * ( (log(Hm d/100))"2
+ pit2 ));
alphal d = 6*alpha0 _d/Tm d;
tfd mm=hamtruyen mongmuon (G0l,Hm d,Tm d,dHd,0);
Wkd mm s = tfd mm;
% Wkd mm s = (tf([alphal d/2 1], [alpha0 d alphal d 1]))*GO01;
Wkd mm = (((alphal d/2)*p + 1)/(alphaO d*p”2 + alphal d*p +
1))*G01;

Whd mm = Wkd mm/ (1 - Wkd mm*kd ht);

Whd mm s = Wkd mm s/ (1 - Wkd mm s*kd ht);
assignin('base', 'Hm d', Hm d);
assignin('base', 'Tm d', Tm d);

%% Chi tieu yeu cau va ham truyen mong muon vong toc do
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Hm v = str2double(get (handles.Hm v, 'string')); % do qua chinh yeu
cau %

Tm v = str2double(get (handles.Tm v, 'string')); % thoi gian gqua do
yeu cau s

G02 = str2double (get (handles.h2, 'string')); % gia tri xac lap
mong muon

dHv = str2double (get (handles.dH2, 'string')); % gia tri xac lap
mong muon

osmin_v= str2double (get (handles.osmin v, 'string')); % gia tri xac

lap mong muon
ktd ht=1/ G02;
alpha0 _td = ( (log( Hm v/100))"2 )/ (9/(Tm_v) "2 * ( (log(
Hm v/100))"2 + pi®2 ));
alphal td = 6*alphalO_td/Tm v;
tfv_mm=hamtruyen mongmuon (G02,Hm v,Tm v,dHv,0);
Wktd mm s = tfv_mm;

$ Wktd_mm_s = (tf([alphal td/2 1], [alphaO_td alphal td 1]))* GO02;
Wktd mm = (((alphal td/2)*p + 1)/ (alphal0 td*p”2 + alphal td*p +
1))* G02;

Whtd mm = Wktd mm/ (1 - Wktd mm*ktd _ht);
Whtd mm s = Wktd mm s/ (1 - Wktd mm s*ktd ht);

assignin('base', 'Hm v', Hm v);
assignin('base', 'Tm v', Tm v);
%% Chi tieu yeu cau va ham truyen mong muon vong vi tri
Hm p = str2double(get (handles.Hm p, 'string')); %% do qua chinh yeu

cau %

Tm p = str2double(get (handles.Tm p, 'string')); %% thoi gian qua do
yeu cau s

G03 = str2double (get (handles.h3, 'string')); %% gia tri xac lap
mong muon

dHp = str2double (get (handles.dH3, 'string')); %% gia tri =xac lap
mong muon

osmin p= str2double(get (handles.osmin p, 'string'));

kvt ht=1/G03;

alphaO vt = ( (log(Hm p/100))"2 )/(9/(Tm _p)~2 * ( (Hm p/100))"2 +
pit2 );

alphal vt = 6*alpha0 vt/Tm p;
tfp mm=hamtruyen mongmuon (G03,Hm p,Tm p,dHp,0);
Wkvt mm s = tfp mm;

% Wkvt mm s = (tf([alphal vt/2 1], [alphaO vt alphal vt 1]))*G03;
Wkvt mm = (((alphal vt/2)*p + 1)/(alphaO vt*p”2 + alphal vt*p +
1)) *G03;

Whvt mm = Wkvt mm/ (1 - Wkvt mm*kvt ht);
Whvt mm s = Wkvt mm s/ (1 - Wkvt mm s*kvt ht);
assignin('base', 'Whvt mm', Whvt mm);

assignin('base', 'Hm p', Hm p);

assignin('base', 'Tm p', Tm p);

osmin_ v= str2double (get (handles.osmin v, 'string')); %% gila tri
xac lap mong muon

osmin_p= str2double (get (handles.osmin p, 'string'));

T=evalc ('tfp mm');T1=T(12:1length(T)-21);
set (handles.text Wpmm, 'String',T1);
T=evalc ('tfv mm');T1=T(13:1length(T)-21);
set (handles.text WmmV, 'String',T1);

T=evalc ('tfd mm");T1=T(13:1length(T)-21);
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set(handles.texermmI,'String',Tl);‘ ;

3. Module chwong trinh “Tong hop cdc vong diéu khién”

global SIO0 d; global SI1 d; global denta SI d;

global SI0; global SI1; global denta SI;

global Wk thd; global Wk thd s; global Wkd mm s; global Wdc thd s;

global plotidx;

plotidx = 1;

global KiemtraD;

KiemtraD = 0;

cla (handles.plot, "reset') ;hold on;

axes (handles.plot);

SI0_d = str2double(get (handles.SI0O 1, 'string')); %% do qua chinh

o)

yeu cau %
SI1 d = str2double(get (handles.SI1 1, 'string'));

yeu cau %

denta SI d = str2double(get(handles.delta SI 1, 'string')); %% do
qua chinh yeu cau %

o°

% do qua chinh

set (handles.text Wrt, 'String','");
giatrichon d = get (handles.popupmenu2, 'value');
switch giatrichon d

case 1
[Wdc d P s]= F Wdc d P;
KiemtraD = 1;
case 2
[Wdc d PI s]= F Wdc d PI;
KiemtraD = 0;
case 3

[Wdc_d PD s]= F Wdc d PD;
KiemtraD = 1;
case 4
[Wdc d PID s]= F Wdc d PID;
KiemtraD = 0;

end
if KiemtraD ==
T DC = evalc('Wdc thd s'); T DCl = T DC(17:length (T DC)-

10);
set (handles.text WrtD, 'String',num2str ((T_DC1l)));
set (handles.text WrtD, 'Visible','On'");
else
T DC = evalc('Wdc thd s'); T DC1 =
T DC(15:1length (T _DC)-20);
set (handles.text Wrt, 'String',num2str ((T_DC1l)));
set (handles.text WrtD, 'Visible','Off");

end
assignin('base', 'Wk thd s', Wk _thd s);
assignin('base', 'Wk thd', Wk _thd);
assignin('base', 'Wkd mm s', Wkd mm_s);
assignin('base', 'Wdc d', Wdc_ thd s);
hold on;
step (Wkd mm_s, 'k"); % ve do thi ham truyen kin mong muon
step (Wk_thd s, 'k--"); % ve do thi ham truyen kin tong hop duoc

title ("Qua do vong dong dien");
legend ('1:HT mong muon', '2:HT tong hop');
grid on;
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figure (1) ;

hold on;

step (Wkd mm s, 'k"); % ve do thi ham truyen kin mong muon

step (Wk_thd s, 'k--"); % ve do thi ham truyen kin tong hop duoc
function thop vt Callback (hObject, eventdata, handles)
% hObject handle to thop vt (see GCBO)
% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)

o\

global a;global muyl;global muy2;
global lamda;global R;global 1l;global i;global matdo;
global Cm;
global Hm v; global Tm v; global G02;
global SIO _td; global SI1 td; global denta SI td;
global Wk mmtd s;
global Wk thtd; global Wk thtd s; global Wktd mm s;global
Wdc td PI s; global Wdc thtd s;
global plotidx;
plotidx = 2;
global KiemtraV;
KiemtraVv = 0;

9
)

o o°

o°

SI0_td = str2double(get (handles.SI0 2, 'string')); %% do gqua chinh
yeu cau %
SI1 td = str2double(get (handles.SI1 2, 'string')); %% do gqua chinh

[}

yeu cau %
denta ST td
qua chinh yeu cau
cla (handles.plot, 'reset') ;hold on;
axes (handles.plot);
set (handles.text Wrc, 'String',"");
t=0:0.1:20;
giatrichon td = get (handles.popupmenu3, 'value');
switch giatrichon td
case 1
[Wdc _td P s
KiemtraVv
case 2
[Wdc_td PI s]= F Wdc td PI;
KiemtraVv = 0;
case 3
[Wdc_td PD s]= F Wdc_ td PD;
KiemtraVv = 1;
case 4
[Wdc_td PID s]= F Wdc td PID;
KiemtraV = 0;

o\

str2double (get (handles.delta SI 2, 'string')); % do

o

]:
1;

end
if KiemtraV ==
T DC = evalc('Wdc thtd s'"); T DCl = T DC(17:1length(T_DC)-
10);
set (handles.text WrcV, 'String',num2str ((T_DC1l)));
set (handles.text WrcV, 'Visible','On'");
else
T DC = evalc ('Wdc _thtd s'"); T DC1 =
T DC(15:1length(T_DC));
set (handles.text Wrc, 'String',num2str ((T_DCl)));
set (handles.text WrcV, 'Visible', 'Off');
end
assignin('base', 'Wk thtd s', Wk _thtd s);
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assignin('base', 'Wk thtd', Wk thtd);
assignin('base', 'Wktd mm s', Wktd mm s);
assignin('base', 'Wdc v', Wdc_thtd s);
hold on;
step (Wktd mm_s, 'k'); % ve do thi ham truyen kin mong muon
step (Wk_thtd s, 'k--"); % ve do thi ham truyen kin tong hop duoc
title('Qua do vong van toc');
legend ('1:HT mong muon', '2:HT tong hop');
grid on;
figure (2);
hold on;
step (Wktd mm_s, 'k'); % ve do thi ham truyen kin mong muon
step (Wk_thtd s, 'k--'); % ve do thi ham truyen kin tong hop duoc

function thvtri PI Callback (hObject, eventdata, handles)

global SIO vt; global SI1 vt; global denta SI vt;

global Wk thvt; global Wk _thvt s; global Wkvt mm s;global
Wdc vt PI s; global Wdc vt PD s;global Wdc thvt s;global Wdc vt P s;

global Beta vt; global Tgd vt;

global plotidx;

plotidx = 3;

global KiemtraP;

KiemtraP = 0;

SI0 vt = str2double(get (handles.SI0 3, 'string')); %% do gqua chinh

yeu cau %

SI1 vt = str2double(get (handles.SI1 3, 'string'));
yeu cau %

o
o

do qua chinh

denta SI vt = str2double (get (handles.delta SI 3, 'string')); 5%
do qua chinh yeu cau %
cla (handles.plot, "reset');hold on;
axes (handles.plot);
set (handles.text Wrp, 'String','');
t=0:0.1:20;
giatrichon vt = get (handles.popupmenud, 'value');
switch giatrichon vt
case 1
[Wdc vt P s]= F Wdc vt P;
KiemtraP = 1;
case 2
[Wdc_vt PI s]= F _Wdc vt PI;
KiemtraP = 0;
case 3
[Wdc vt PD s]= F Wdc vt PD;
KiemtraP = 1;
case 4
[Wdc vt PID s]= F Wdc vt PID;
KiemtraP = 0;

end
s T DC = evalc('Wdc _thtd s'); T DCl1 = T DC(17:1length(T DC) -
10);
% set (handles.text Wrc, 'String',num2str ((T_DC1)));
% T=evalc ('Wdc _p');T1=T(9:1length(T));
if KiemtraP == 1

T DC = evalc('Wdc thvt s'); T DC1 =
T DC(15:1length(T_DC));

set (handles.text WrpP, 'String',num2str ((T_DC1)));

set (handles.text WrpP, 'Visible','On'");
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else
T DC = evalc('Wdc thvt s'); T DC1 =
T DC(15:1length(T_DC)-20);
set (handles.text Wrp, 'String',num2str ((T_DC1l)));
set (handles.text WrpP, 'Visible', 'Off');
end
set (handles.Ts vitri, 'string',strcat('Ts =
",num2str (Tgd vt)));
set (handles.Os _vitri, 'string',strcat('Os =
',num2str (Beta vt)));
assignin('base', 'Wk thvt s', Wk thvt s);
assignin('base', 'Wkvt mm s', Wkvt mm s);
assignin('base', 'Wdc p', Wdc_thvt s);
title('Qua do vong vi tri');

hold on;
step (Wkvt mm s, 'k'); % ve do thi ham truyen kin mong muon
step (Wk_thvt s, 'k--'); % ve do thi ham truyen kin tong hop duoc

title ('Qua do vong vi tri');
legend ('1:HT mong muon', '2:HT tong hop'):;

grid on;

figure (3);

hold on;

step (Wkvt mm s, 'k'); % ve do thi ham truyen kin mong muon

step (Wk_thvt s, 'k--'); % ve do thi ham truyen kin tong hop duoc

4. Module chwong trinh “Quad trinh qua dé ciia hé thong”
global tfd kjglobal tfv _k;global tfp k;
global tfd mm;global tfv mm;global tfp mm;
global plotidx;
plotidx = plotidx+1;
$t =0:0.1:3;
assignin('base', 'plotidx', plotidx);
if (plotidx==1)

cla (handles.plot, 'reset') ;hold on;

step (tfd k)

step (tfd mm)

title('Qua do vong dieu khien dong dien');
elseif (plotidx==2)

cla (handles.plot, 'reset') ;hold on;

step (tfv_ k)

step (tfv_mm)

title('Qua do vong dieu khien wvan toc');
elseif (plotidx==3)

cla (handles.plot, 'reset') ;hold on;

step (tfp_ k)

step (tfp_mm)

title('Qua do vong dieu khien vi tri');
else

cla (handles.plot, 'reset'); hold on;

step (tfd k)

step (tfv_k)

step (tfp_ k)

title('Qua do vong dieu khien he thong');

plotidx=0;
end
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IIL Phy lyc III: Chwong trinh diéu khién trén Step?
1. Chwong trinh dieu khien S7-300 cho djng co' 1

OBl - Chucong trinh dieu khien FLC Master

Comment :

m: NHAN DU LIET TUO SLAVER

Comment :

= ow et
14
H
ot

"DPRD DAT™
EN ENG

WElcgZh | LADDR RET VAL —MW100

RECORD—DPEM 4.0 BYTE 1l&

Hetwork 2 : GUI DU LIEU TOI SLAVER

Comment :

"DEWE_DAT™
EM END

WElogZh |LADDR RET VAL —MW3E

P§M 10.0 BYTE 1l& —|RECORD

MNetwork 32 - Bit truyen tinm hieu dieu khien dong co guay thuan

Comment :

"SEMD1_guay

thuanz

I |
L
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Hetwork 4 : Bit truyen tin hieu dieu khien dong co guay nguoc

Comment -

Hetwork 5 : Bit truyen tin hieu

dung toc do dong

oo

Comment -

"SENDS_dung Z"
oy
L

HNetwork 6 : Den bao dong co guay thuan

Comment :

thuan 2
I

"RIGHT_ 1lamp
Iy
o

=

Hetwork 7 : Den baco dong co guay nguoc

Comment :

"RECEVZ_
guaynguocZ "

"LEFT_ 1amp:.
Y
L

<
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Hetwork 8 : Nhan toc do dong co tu slawver
Comment :
MOVE
EN ENO
TD4Z MDZD
"WHAN TOC DD 2™ —IN OUT —"ToC DD THUC 2™
HNetwork 9 : Nhan wi tri ban vitme tu slave
Comment :
MOVE
EN ENO
ID4E MD32
"NHAN VI TRI 2" <IN OUT —"VI TRI THUC 2™
Hetwork 10 : Title:
Comment :
MOVE
EN ENO
MDZ4 L
"TOC DO DAT 2™ —IN OUT —"EUI TOC DD DAT 2¢
Hetwork 11 : Title:
Comment :
WOVE
EN END
MIZ8 GDd e
"WI TREI D&T 2" —4IN OUT —"EUI VI TRI DRT 2"




142

Hetwork 12 @ Dau ra ket noi bien tanm DI1

Comment =

Hetwork 13 - Dau ra ket noi bien tan DIZ

Comment :

tan DI3™

M10.0 "Den bien
|| Ll
M11.4
1 |
1T
M11.2
1 |
1 T
M10_.3
| |

5 2

Hetwork 14 : Dau ra ket noi bien tan DI3
Comment -
Y "Den bkien tan DIZ™
MiO.1 "Den bien tan DIZ™ SR
| | | | n
11 11 8 =l
M11.3
| |
1 1
M11.2




Hetwork 15 :

xac nhan gquay thuan
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Comment :

"xac nhan dong co

1w
SR M10.5
5 R { }
"Den bien tan DI3" —R
M: ¥Hac mhan gquay nguoc
Comment :
M180_7
Mld.&
o
L

tan DIZ™

"Den bien

Hetwork 17 : Doc tin hieu tuong tu tu bien tan 01

Comment :

"xac nhan dong co
1Il
| |

MOVE

EIWNZEE —

END

QUT

FMHZZe
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Hetwork 18 : Doc tin hieu tuong tu tu bien tam 01

Comment :

"xac nhan guay
nguoc " MOWE

| | =N EHO

PIWZ30 —IN OUT —MHZZ 6

Hetwork 1% : chuyen doi sang sSo nguyen 32 bit cuas master

Comment :

D

EN END

MWZZe —q|IN OUT —MDZ30

Hetwork 20 : chuyen doi so nguyen 3Z bit sang so thuc master

Comment :

DI_R

EN END

MDZ30 | IN OUT —MDZ32

MHetwork 21 : mhan woi toc do dong co 1400

MUL_R

EMN EMO

MDZ3Z2 | ITH1 OUT —MDZ234

1.400000e+003 —IN2

Hetwork 22 : chia dcho dai tin hieu analog 27648

Comment

Civ_FR

EN ENO

MDZ34 | TH1 OUT —HMDZ 3%

—Z_.724800e+004 | INZ




Hetwork 23 : Title:

145

Comment -

"xac nhan dong co

1" oiv_R
| | EN ENGC
MDZz34 {IN1 OUT —MDZ23a
Z_Te45300e+004 | INZ
Hetwork 24 : lam tron theo do nguyen
Comment -
ROUMD
EN ENO
MDz3e —{IN OUT —MDZ 38
Hetwork 25 : Title:
Comment :
MOVE
EN ENO
MDZz32 {IN OUT —HMD54
Hetwork 26 : Toc do dat cua dong co
Comment :
MOVE
EN ENC
MDEE - IN OUT FMD70
Hetwork 27 : Title:
Comment :
oI_R
EN ENO
MD70 —HIN OUT FMD72




Hetwork 28 : Title:
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Comment -
MUL_R
EN END
MD7Z {IN1 OUT —MD74
2.784800e+004 | INZ
Hetwork 2% : Title:
Comment -
oiv_R
EN ENO
MD74 | IN1 OUT —MD7&
1.400000e+003 | INZ
Hetwork 30 : Title:
Comment :
ROUMD
EN ENO
MD7Ee —|IN OUT —MD73
Hetwork 31 : Title:
Comment :
MOVE
EN ENOQ
MD78 - IN OUT —PoW304

Network 32 : Chuong trinh dong bo dong co

mll_0 nut Buto

M11l_.2Z2 nut Estop

M130.0

M11.2—

SR

i
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Hetwork 33 : Title:

mll.1l Manual
M130.1
M11.1 SR
| | n
[ | ] i
Mll.z2 R
Hetwork 34 : Title:
Comment :
M150.0 MOVE
| | EN ENO
MD11 HIN OUT —MDES
Hetwork 35 : Title:
Comment :
M150.0 MOVE
| | =N ZNO
MD11 qIN MDZ 4
OUT —"TOC DO DAT 2"

2. Chuwong trinh diéu khién PLC S7-300 cho ddng co 2:

OBl - Chuong trinh dieu khien dong co 02

Comment :

m: Bit truyen tin hieu dieu khien dong co guay thuan

Comment :

MO _0 MO _3 Q125_1 Q1z5_
|
1

| | .1
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Network 2 : Bit truyen tin hieu dieu khien dong co guay nguoc

Comment :

MO.1 MO.3 Q125.0 Qlzs5.1
| ] | 1 |
1 le 1

gles.1
| |
1T

Hetwork 3 : Dau ra so ket noi bien tan so 02

Comment :
"Bit dieu khien
on/off"™

Q1Z5.0 SR

| | 5 Q
R125.1

| |

11

MO.3

| |

1 | 2
M170.0

| |

11

Hetwork 4 : Dau ra so ket noi bien tanm so 02 (DIZ)

Comment :
DIz "Bit dk guay 02 guay thuan
"Bit dk guay thuanz™ "SEND1_den

wl2s. o nguoci™ =R thuanz™

| ] | A1 o Y

1| 1T = ) i,
MO.3

| | R




Hetwork 5 : Dau ra so
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ket noi bien tan aoc 02

(DI3)

Comment :

"Bit dk gquay

o

"SENDZ_ den nguocZ™
Y |
L 1

Hetwork 6 : setkit bien trung gian M170.&

"Bit dk gquay nguoc?
Q125.1 thuanz™ oR
| ] | A1
I 11 5
MO.3
| ]
1 2

xac dinh dong co 2 chay thuan )

Comment -

"Bit dk guay
thuanz™

[=1]

M170.
=R

"Bit dk guay

nguoc?

Hetwork

—=

T : setkit bien trung gian M1T70.7

xac dinh dong co 2 chay nguoc

!

Comment -

M170.7
SR

"Bit dk guay
thuanz™ —B
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Hetwork 8 : Doc tin hieu tuong tu tu Bien tan 02

PIW752 doc tin hieu tuong tu bien tan 02 { input analog )

BIW

o

2_

MOVE

ENO

ouUT

FMWZ00

Hetwork 9 : Doc tin hieu tuong tu tu Bien tamn 02

BPIW75Z doc tinm hieu tuong tu bien tan 02 ( ocutput analog )
M170.7 MOVE
|} EN ENO
EIWT54 IN OUT —MW200

Hetwork 10 : Chuyen doi sang so nguyen 32 Bit

Comment :

MW200 —

ENO

oUT

FHDZ04

Metwork 11 : Chuyen doi so nguyen 32 kit sang so thuc

Comment :

CI_R
EN ENC
MDzZ04 | IN OUT —MDZ08
Hetwork 12 : Nhan voi so thuc 1400
Comment :
MUL_R
EN ENO
MDzZ08 | IN1 OUT —MDZ12Z
1.400000e+003 |INZ
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Hetwork 13 : Chia cho so thuc Z7&48

Comment :

DIV_R
EN ENC
MDz1z —{IN1 OUT [-MDz 18
2.764800e+004 —{INzZ

Hetwork 14 : Luu toc do dong co vao vung nho MDZZZ

Comment :

ROUMD

ENO

FMDZZZ

ouUT

MDZ1E —

Hetwork 15 - Gui toc do Dong Co toi Master

Comment :

MINVE

ENOD

IN OUT —QD42

Hetwork 16 : Goi chuong trinh dieu khien toc do dong co dong co

Comment :

"chuong trinh
DEZ"™

EN ENC
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FEB4 : khoi chuong trinh xac dinh toc do cua dong co
Comment -
chuyen toc do sang so thuc ( ID4Z2 sang MDSZ )
DI_R
EN END
ID4Z | IN OUT —MD5Z
Hetwork 2 : Title:
Comment :
MUL_R
EN END
MD5Z | IN1 OUT —MD5&
Z_.784800e+004 | INZ
Hetwork 3 : Title:
Comment :
o R
EN EMO
MDS5s | IN1 OUT —MDe0
1_400000e+003 —|INZ
Hetwork 4 : Title:
Comment :
ROUMD
EN END
MDe0d | IN OUT —MDe4
Hetwork 5 : Title:
Comment -
MOVE
EN EMO
MDe4 | IN OUT —BQH7T5Z




