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TOM TAT

Bai bdo dé xudt phwong phdp xdc dinh ham truyén dat cia hé truyén dong dién servo dong bo
sau khi da dwoc Zcfp dat hoan chinh bcfng cong cu phan tich hé théng. Thong qua thuc nghiém chu
dong, dir ligu thu duoc tir ddc tinh bién do - tan sé va pha - tan sé dwoc dwa vao MATLAB dé xay
dung ham truyén. Két qua nghién ciru dhege thie nghiém véi hé truyén dong dién servo ciia hing
Delta cho thdy, ham truyén nhan duoc co dac tinh Bode so khop MSE voi dac tinh Bode thuc té.

Tir kho4: Nhan dang hé théng; Phén tich hé thdng; Déc tinh tAn s&; Ham truyén dat.
1. PAT VAN PE

Hién nay, hé truyén dong servo dugc tng dung trong nhiéu hé thong diéu khién bam. Xu
huéng st dung hé truyén dong dong co dong bo va bo khuéch dai cong suét di kém dugc sir
dung ngay cang phé bién, vi du nhu hé thong truyén dong tim, huéng cua dai quan sat quang
dién tr bat bam muc tiéu; hé truyén dong tam, huéng cua cac hé thong didu khién hoa luc [1].
Vi loi thé duge tich hop san mot s6 thuat toan nhu PI, PID, PIDV, Feed Forward trong bd
khuéch dai cong suit, nguoi thiét ké hé thdng chi can didu chinh mét sé tham sb trong vong diéu
khién mo6 men va vong didu khién tdc do s& ¢ dap ng téc d6 tot nhat. Nhiém vu con lai 14 tong
hop thuat toan diéu khién vi tri vong ngoai dé dat duoc chat lugng bam theo yéu cau. Dé tong
hop thuét toan diéu khién hé thong dang nay, qua trinh thiét 1ap ham truyén theo phuong phap
tuyén tinh hoa nho phén tich ly thuyét s& kha phic tap do viéc xac dinh thong s6 ctia hé truyén
dong dién can mot sd ude tinh va gia dinh; thém nira khong thé bo qua anh hudng cua mé-men
ma sat, khe h¢ va sy tinh toan khong chinh xac. Péi vOi hé thong diéu khlen tuyen tinh, cac dac
tinh dong ctia hé thong cha yéu duoc phén tich trong mién thoi gian va mién tan s0. Vivay, da s6
cac hang cung cap déu dua ra by cong cu phan tich hé thong va thiét 1ap tham s diéu khlen cho
bd khuéch dai cong suét. Theo dé, cong cu phan tich hé thdng cho phép vé& dic tinh bién tan va
pha tin dbi v6i dinh luong tai khac nhau.

Dé nhan dang ham truyén theo dic tinh bién d6 va pha trong mién tén s6, mot sb hoc gia da
dua ra cac phuong phap nhén dang khac nhau. Nghién ctru [2] da dé xuat phuong phap xay dung
cac ham truyén cua cac thanh phan co ban, thanh phan ham truyén bu sai léch twong tmg khi xay
ra sai léch cua cac vong phan h01 tdc do, vi tri hay phan hoi dong dién, sau d6 ap dung céac luat
téng hop dé xay dung ham truyén twong duong cua hé thong [3, 4]. Phuong phap nay thudn tiy
Iy thuyét va khé co thé xac dinh chinh xac tham s§ ctia ham truyén. Trong [5-7], céc tac gia da
xéac dinh diém cuc va diém zero dya vao tinh chat bién thién cua ching vé bién do va pha theo
tan s6 nho phan tich truc tiép trén biéu d6 Bode. Phuong phéap nay chi hiéu qua ddi véi cac
dudng cong don gian khi cac diém cuc va diém zero 1a truc quan.

Bai béo tiép can nhan dang mé hinh hé thdng diéu khién bang viéc khai thac ti da b cong cu
phan tich hé théng dwgc hing cung cp, qua do6 nhan dugc dit liéu va biéu dién tryc quan dic
tinh bién tan, pha tan. Sau do, st dung phan mém Matlab dé xay dung ham truyén dat trén co s&
so khép MSE. Pay 1a phuong phap thuc nghiém chi dong, cho phép nhan dang hé thong sau khi
da lép dat hoan chinh, do do, két qua nhan dugc phan an chinh xac nhét cac tham sb cua hé théng
diéu khién, 1am co s dé tong hop vong diéu khién vi tri.
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2. THUAT TOAN NHAN DANG HAM TRUYEN PAT CUA HE THONG

2.1. M ta phan c1’rng hé théng thwe nghiém nhan dang chi dﬁng

Hinh 1 the hién cdu tric co ban hé thong diéu khién servo gdm 3 vong diéu khién: vong dong
dién, vong toc do va vong vi tri. BO diéu khién gidi ma tin hiéu vi tri va dét 1énh diéu khién dua
vao bd khuech dai cong~ suflt dq diéu khién chuyen dong cua ta‘l. Cac dir liéu d}wc hQ khuéch ’dal
cong suat thu thdp ¢ mf)i tan s0 khac nhau; Sifr liéu bién do - tan so va pha‘ - téh s0 cua hé thong
dugc tinh toan va so d6 Bode duoc bi€u dién tryc quan trén giao dién phan mém cua hang. Tu
do, dya vao dir liéu mién tan s6 chung ta c6 thé xac dinh ham truyén cua hé thong bang chuong
trinh tinh toan udc lugng hay bang phuong phap do thi.
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Hinh 1. So do khéi cdu triic co ban hé diéu khién truyén dong servo.

Phéan cing thyc nghiém khao sat nhan dang mé hinh dugc biéu dién trén hinh 2, bao gém
ngudn xoay chiéu 1 pha 220 V, may tinh (dugc cai dat phan mém ASDA Soft), bo khuéch dai
cong suat (Driver), hé truyén dong tdm, hudéng. Trong qua trinh lam viéc cua hé thong, bo. diéu
khién servo lién tuc thu thap céc tin hiéu nhu dién 4p, dong dién, phan hoi vi tri, phan hdi tbc do
va gui 1én may tinh.

Ngudn 220V

Méy tinh [« Drive  [«—» Servo motor [ Bé thm-huéng

Hinh 2. So d6 cdu triic phan cing thir nghiém.
2.2. X4c dinh hé s6 ciia ham truyén dat
Trong mién thoi gian lién tuc, ham truyén H(s) mo ta dac tinh dong hoc ctia hé théng la ham
da thure ¢6 dang sau:

m m-1
H(s):ﬁzb”‘sn +bm_ls;_1 +..+bs+hb, nem (1)
U, s"+a,,5  +..+as+1

Trong d6: U; 14 tin hi¢u dat, U, 1a tin hiéu phan hoi.

Vi tt ca cac hé s a, bji=1,..,n;j=0,..,mla s6 thuc nén tat ca cac diém cuc va diém
khong phai 1a s6 thyc hodc la mot cap phuc lién hop

Trong mién tan s ham truyén duogc biéu dién nhu sau:

(b, —b,&” +b,0" —..) + j(bw—b,e® +..)
(l-a,0’ +a,0"-.)+ jlaw-a0’+..) (2)
=Re(w) + j Im(w)

H(jo) =
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Trong do:
o Tén sd.
Re(w): Phén thuc.
Im(w): Phan 2o.
bat: P=(1-a,0 +a,0' -.)+ jlao-a,0 +..)

Nhan hai vé ctia biéu thirc (2) véi P ta nhan duoc (3a), (3b), (3¢):
[Re() + jIM(0)][ (1-2,0° +a,0" —..) + j(a0—a,0° +..) | )
= (b, —b,0® +b,0* —..) + j(Bo-b®’ +...)
Hay:
Re(w) + jIm(w) +
Re(w)(—a,0° +a,0" —...) +
jRe(w)(a,0 —a,0° +...) + (3b)
jIm(e)(-a,0” +a,0* -...) -
Im(w)(a,0 - a,0° +..) = (b, —h,0* +b,w* —..) + j(bw-b,w® +..)
Viét lai (3b) dudi dang (3¢):
Re(w) + j Im(w) = (b, —b,0® +b,w* —...) -
Re(w)(—a,0° +a,0" —..) +
Im(w)(a,0 - a,0° +...) + (3¢)
i bo-be’+..) - Re(w)(@,0-a,0° +..) |-
i[Im(@)(-a,0° +a,0" -..) |
Tir phwong trinh (3) phan thuc va phan 4o dugc biéu dién dudi dang:

Re(w) = [10— @’ 00* ... Im(w)wRe(w) 0’ — Im(w)a® — Re(a))a)“...][bo...bmai...an ]T (4)

Im(w) = [Oa)O —0°0...— Re(w) o Im(w)w’ Re(w)w® — Im(a))a)“...] (5)
Gia sir trong toa do cuc H(s) co dac tinh bién - tin 12 H(w), pha - tin 12 ¢ (w).
H(s) =[H (s)|e"® (6)
Khi d6, phan thyc va phan 4o ciia ham truyén s& duoc tinh theo cong thic (7), (8):
Re() =107 @20 cog[ ()], 1=041.2,... )
im(w) =107 D gin1(@)], i=0.1,2.... @)

Goi: N 14 chiéu dai vector tan s6 thuc nghiém;
Re(w) 1a phén thyc udc lugng cia Re(w);
Im(w) 14 phan a0 udc lugng cua Im(w).

Khi do, ta co:
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Re(w)] [€r(®@) |
Re(w,) | | r(®) N
im(wl) g| ((01)
im(@,) | |¢ (@)
- T - . X . - (9)
1 0 —0)12 0 6014 Im(a)l)a)l Re(a)1)a)12 - |m(a)1)6()13 _bo ]
1 0 - 0 & . ime)s, Reo)o, -imwe)e), ..||b,
00 o, 0 -® 0 . —Re(w)o IMw)e! Re(w)od® |&
_0 o, 0 o, 0 ~Re(w,)o, ImM(w,)0? Re(o,)o) |3
H¢ phuong trinh (9) dugc rat gon nhu (10):
Y=AX +¢ (10)
Trong do:
A - Ma tran hé sé;
Y - Vector quan sét, X - Vector tham sd, € - Vector sai s6 udc luong.
Néu coi vector sai s6 c6 gia tri ky vong E(e) = 0 ta duoc:
Y " A A A T T A\-1 AT
X :[bO . boa . an] — (ATA)IATY (12)

Dé dam bao su chénh 1éch giira gia tri udc luong va gia tri quan sat ludn luén duong thi sai s6
binh phuong trung binh (MSE) dugc st dung nham danh gia chat lugng ciia mdt mé hinh dugc
uoc lugng.

MSE tinh theo cong thirc (12):

n
MSE =3 (5, -3 (12)

Trong do6:

yi 1a gia tri quan sat thir i hay gia tri thuc té thu duoc tir thuc nghiém;

Vi la gia tri udc lugng thir i;

n la chiéu dai vector y.
C6 thé thdy rang, MSE cang nho thi mé hinh uéc lwong cang chinh xac.

2.3. Thuit toan xac dinh tham s6 ham truyén dat
Thuat toan nhén dang mé hinh duoc thyc hién nhu sau:
° Buc’rf: 1: Cai dat s6 diém cuc va sd diém khong cho chuong trinh tinh toan dé xé4c dinh ham
truyén u6ce luong G(s); . o

e Budc 2: VE 3o thi Boc}e cta ham truyén udc lugng ung voi dai tan so thuc nghiém;

* Bugc 3: So sanh sai s6 binh phuong trung binh MSE v6i ngudng dat. )

* Bude 4: Neu dap ng yéu cau thi G(s) la ham truyén cua h¢ thong. Neu khong dap tmg

chuong trinh thuc hién lai bude 1 dén budc 3.
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3.1.
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Hinh 3. Luu dé thudt todn nhan dang mo hinh ham truyén cua hé théng.

3. MO PHONG VA THAO LUAN

Nhén dang hé théng véi cong cu phin mém Matlab

Frequency Response
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Hinh 4. Bdc tinh bién-tan va pha-tan thu thip tie thie nghiém.
Biéu db Bode thyc nghiém bién - tan va pha- tin ctia hé thong diéu khién dugc thu thap thong

qua phan mém ASDA Soft (hinh 4). Ham truyén dat mé ta tinh déng hoc hé théng dugc xiy
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dung bang cong cu nhan dang hé thng c6 sgﬁn trén Matlab version 2016a voi dir liéu bién d6 va
pha phuc vu cho ‘qué trinh nhén dang thay doi tir 0 dén 3()0 Hz; so lqong diém cuc va diém zero
toi da §quc dat lan luot 1a n = 5 va m = 4; ngudng sai s6 mong muon MSE dugc chon nho hon
hodc bang 0,3.
3.2. Panh gia m6 hinh

Bing 1. Sai 56 binh phirong trung binh MSE ciia ham truyén dwoc woc hrong.

n 2 3 4 5
m
1 0,39 0,39 0,31 32,75
2 034 032 031 031
3 - 041 0,19 0,19
4 - ; 0.25 523

Béng 1 thé hién két qua danh gia MSE cua qua trinh nhan dang m6 hinh hé thong. Dua vao
bang 1 ta c6 the thay, voi ham truyen Gy(s) c6 4 diém cuc va 3 diem zero hodc Gy(s) c6 5 di€m
cuc va 3 diém zero ¢6 MSE nho nhat 1a 0,19 va d6 phu hop 92,88%, do d6, ham truyén nay co ty
1€ dong dang cao nhat véi mo hinh thuc te.

Ham truyén Gy(s), G(s) c6 dang:

G.(s) = ~718,83(s —3834)(s® +174,3s +1,517.10")
' (s +3001)(s +57,62)(s* + 62,165 + 4982)
—3,0183.10%(s —3856)(s* +174,3s +1,516.10")
(s+4,202.10%)(s +3017)(s + 57,57)(s* + 62,14s + 4981)

(13)

(14)

Gz (S) =

Frequency Response Comparison
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Hinh 5. So khép biéu dé Bode ciia ham truyén U(s) va Bode thuc té.

Hinh 5 cho thay, d6 chinh xac ctia ham truyen dugc nhén dang dang tin cdy. Tur phuong trinh
(13) (14) c6 thé thay, G1(s) va Ga(s) c6 cac diém cuc va diém zero twong dbi 1a giéng nhau. Ham
truyén G,(s) co 1 diém zero thyc tai vi tri @ = 3856 rad/s (f = 614 Hz), 1 cip zero 1a cap phuc
lién hop voi tan sé dao dong @, = 123 rad/s (f, = 19,6 Hz) va 3 diém cuc thyc tai vi tri @ =
420200 rad/s (f = 66911 Hz), » = 3017 rad/s (f = 480,4 Hz), @ = 57,57 rad/s (f = 9,18 Hz), 1 cap
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cyc la cdp phuc lién hop véi tan s6 dao dong riéng @, = 70,58 rad/s (f, = 11,24 Hz). Nhu vy,
trong ving tan s6 1 - 30 Hz cic cuc va zero xuit hién lién tuc gin nhau dan dén khé xac dinh
ham truyén bang phwong phap dd thi.

4. KET LUAN

Bai bao dé xuat phuong phap nhan dang mo hinh hé thdng diéu khién st dung hé truyén dong
servo bang cach khai thac bd cong cu phan tich hé thong do hing cung cép, nhd d6 cho phép
thuc nghiém chu ddng nhan duoc dir li¢u va biéu dién truc quan déc tinh bién tan, pha tan. Dit
lidu tir dd thi Bode duoc sir dung dé l4p trinh trén Matlab, x4c dinh ham truyén tin cdy trén co s&
so khop MSE. Két qua cho thdy, hoan toan c6 thé xac dinh nhanh chéng ham truyén ciia hé
thong dya vao dic tinh bién tin va pha tan thu thap duoc tir thuc nghiém. Phuong phap nay c6
hiéu qua v6i hé théng diéu khién truyén dong dién da duoc 1ap dat hoan chinh, khai thac duoc toi
da chirc ning cua thiét bi ty dong hoa do hing cung cip.
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ABSTRACT
A method to identify the model of synchronous servo control systems

This paper proposes a method to determine the transfer function of the synchronous
servo-electric drive system after being completely installed via the system analysis tool.
Through active experimentation, the data obtained from the amplitude-frequency and
phase-frequency characteristics are fed into MATLAB to build the transfer function.
Experimental research results with Delta servo-electric drive system show that the
received transfer function has the Bode characteristic that matches the MSE with the
actual Bode characteristic.

Keywords: System identification; System analysis; Frequency characteristic; Transfer function.
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