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UNG DUNG BQ PIEU KHIEN PID SO TRONG PIEU CHINH TOC PO
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Tém tat: Didu chinh toc 46 dong co dién mot chiéu 1a yéu cau quan trong trong cac hé truyén dong
dién nham bao dam do chinh xéc, tinh 6n dinh va hiéu qua van hanh. Bai bo trinh bay viéc tng dung bo
diéu khién PID s6 trong diéu chinh toc d¢ dong co dién mot chiéu thong qua qué trinh thiét ké, hiéu chinh
va mo phong trén nén tang Matlab/Simulink.

Trén co s6 mé hinh toan hoc cua dong co DC, bo diéu khién PID sb dugc xay dung bang phuong
phap roi rac hoa bo didu khién PID lién tuc. Cac tham sé diéu khién duoc xac dinh theo phwong phap
Ziegler—Nichols va tiép tuc tinh chinh nhim nang cao chat lugng dap (mg cua hé thong. Két qua mo
phong cho thiy bd diéu khién PID s6 sau khi tinh chinh dat thoi gian xac 1ap khoang 0,25 s, do qua diéu
chinh giam tir 25,4% xudng con 2,1%, sai s xac 1ap xap xi bang khong va dap tmg 6n dinh hon so voi
b6 tham sb ban dau.

Két qua nghién ctru khing dinh tinh hiéu qua va kha niang tng dung cua bo diéu khién PID s trong
diéu chinh tdc d6 dong co dién mot chiéu, dong thoi cung cip co s tham khao cho viée trién khai cac hé
truyén dong dién st dung bo diéu khién s trong thyc tién.

Tir khoa: PID 56, dong co dién mét chiéu; diéu chinh téc dg; Matlab/Simulink;

Abstract: Speed regulation of DC motors is a fundamental requirement in electric drive systems
to ensure high control accuracy, operational stability, and system efficiency. This paper presents the ap-
plication of a digital Proportional-Integral-Derivative (PID) controller for DC motor speed regulation
through controller design, parameter tuning, and simulation using the Matlab/Simulink environment.

Based on the mathematical model of the DC motor, a digital PID controller is developed by discret-
izing the conventional continuous-time PID algorithm. The controller parameters are initially determined
using the Ziegler—Nichols tuning method and subsequently fine-tuned to improve the dynamic perfor-
mance of the control system. Simulation results demonstrate that the optimized digital PID controller
achieves a settling time of approximately 0.25 s, reduces the overshoot from 25.4% to 2.1%, and virtually
eliminates the steady-state error while maintaining excellent stability.

These findings confirm the effectiveness and practical applicability of the proposed digital PID
controller for DC motor speed regulation and provide a useful reference for the implementation of digital
control strategies in modern electric drive systems.

Keywords: Digital PID; DC motor; speed control; Matlab/Simulink;

I Hoi Khoa hoc K thut An toan - V& sinh Lao dong thanh phd Hai Phong; Email: uhdhaidoan.edu@gmail.com
2Khoa Cong nghé K§¥ thuét dién, dién tt, truong Pai hoc Pai Nam; Email: thuha@dainam.edu.vn

75



SO 3 (27) - 2026 PIEN - PIEN TU - TU PONG HOA

1. Téng quan

He¢ truyén dong dién dong vai trd quan trong trong nhiéu linh vuc cong nghiép nhu gia cong co
khi, bang tai, robot cong nghiép va cac ddy chuyén san xuét ty dong. Trong s d6, hé truyén dong
dién mot chiéu (DC) van dugc sir dung rong rii nho cAu trac don gian, dédc tinh mo-men t6t va kha
nang diéu khién linh hoat trong dai téc d6 rong (Vi Gia Hanh & Tran Khanh Ha, 2021a, 2021b;
Nguyén Dinh Trung, 2023). M6t trong nhiing yéu cau cdt 161 ddi voi hé truyén dong dién mot chiéu
1a diéu chinh va én dinh tdc do dong co nham dam bao chét lugng cong ngh¢ va higu suét lam viéc
ctia h¢ thong.

Trong cac phuong phap diéu khién ty dong, bo didu khién PID (Proportional-Integral-Deriv-
ative) 1a giai phap dugc timg dung phd bién nhét trong cong nghiép nhd ciu trac don gian, d& trién
khai va hiéu qua diéu khién cao ddi véi nhicu ddi twgng khac nhau (Nguyén Van Hoa, 2025; Astrém
& Higglund, 2006; Nise, 2020). Pac biét, PID cho phép cai thién déng thoi céc chi tiéu chét luong
dong hoc nhu thoi gian quéa do, 6 qua diéu chinh va sai s6 xac 1ap, do d6 rat phu hop cho bai toan
diéu chinh toc d6 dong co dién (Bui Qudc Khanh & cong su, 2020).

Cung v6i sy phat trién manh mé& cta k¥ thuat s va vi xir Iy, diéu khién sé ngay cang thay thé
cac hé diéu khién tuong tu truyén thong. Viée ap dung PID s6 khong chi ning cao d6 chinh xac didu
khién ma con ting tinh linh hoat trong viéc hiéu chinh tham s, mé rong kha ning tich hop véi cac
hé théng diéu khién théng minh (Than Ngoc Hoan & cong su, 2022; Ogata, 2010). Tuy nhién, do tin
hiéu trong hé diéu khién s6 mang tinh roi rac theo thoi gian, qua trinh phan tich, thiét ké va dam bao
on dinh cta hé théng tro' nén phurc tap hon so voi hé lién tuc (Nguyén Vian Hoa, 2025; Ogata, 2010).

Trong thuc té, viéc lya chon va hi¢u chinh cac thong s6 cua bo diéu khién PID (Kp, Ki, Kd)
c¢6 anh hudng quyét dinh dén chat luong diéu khién cia hé truyén dong dién. Trong sb cac phuong
phap hiéu chinh, phwong phap Ziegler-Nichols duoc xem 1a mot trong nhitng phuong phap cd dién,
don gian va hiéu qua, thuong duoc st dung trong ca nghién ciru va giang day dé xac dinh nhanh
cac tham s6 PID ban dau (Astrom & Higglund, 2006; Nise, 2029). Phuong phap nay dic biét phu
hop khi két hop vai cac cong cu mod phong nhu Matlab/Simulink, cho phép dénh gia truc quan dap
g ctia hé thong trude khi trién khai thuc té (Nguyén Phing & Nguyén Thi Lan Huong, 2021;
MathWorks, 2022).

Xuit phét tir nhitng yéu cdu néu trén, bai bao nay tap trung vao thiét ké va mé phong bo didu
khién PID s6 cho bai toan diéu chinh tc do dong co dién mot chiéu trong hé truyén dong dién. Trén
c0 s0 mo hinh toan hoc cua dong co DC (Vi Gia Hanh & Tran Khanh Ha, 2021a, 2021b; Krishnan,
2015), bd diéu khién PID sb duoc xay dung thong qua qué trinh rdi rac hoa luat diéu khién PID lién
tuc. Cac tham sb diéu khién duoc xac dinh bang phuong phap Ziegler-Nichols va dugc danh gia
thong qua mo phong trén phan mém Matlab/Simulink. Két qua nghién ctru gép phan lam rd hiéu qua
va kha nang ung dung cua bo diéu khién PID sb trong diéu chinh tdc do dong co dién mot chiéu, dic
biét trong cac hé truyén dong dién cong nghiép va dao tao k¥ thuat.

2. Pdi twong va phwong phap nghién ciru

* Pi twong nghién ctiru: Bo diéu khién PID s6. Day 1a mot thuat toan diéu khién tu dong duoc
sir dung rong rdi trong cac hé thong cong nghiép dé diéu chinh mot dai lwong dau ra theo mot gia
tri mong mudn.

* Phuong phap nghién ctru:

- Phuong phap nhan dang hé thong: Sir dung cac tin hiéu dau vao va dau ra ciia hé thong dé udc
tinh cac tham sé ciia mé hinh.

- Phuong phép thtr nghiém: Piéu chinh cac thong s6 dé dat dugc hiéu suat tot nhat.

- M6 phong: St dung phin mém mo phong nhu MATLAB, Simulink dé kiém tra hiéu suat ctia
b6 diéu khién trong cac diéu kién khac nhau.
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3. N§i dung nghién ciru

3.1. Phuwong phap diéu khién PID sé

3.1.1. Qua trinh phan tich tin hiéu roi rac

Trong céac hé thdng diéu khién sd, tin hidu khong con 13 ham lién tuc theo thoi gian ma ton tai
duéi dang cac chudi gid trj rdi rac. Céc tin hiéu nay thuong dugc biéu dién duéi dang chudi xung
hodc day s6, thu dugc thong qua qua trinh 1y mau tir tin hiéu lién tuc ban dau.

bé xur 1y va khai thac thong tin tur tin hiu, can thuc hién qua trinh lugng tir hoa. Lugng tu hoa
theo thoi gian la qua trinh chuyén dbi tin hiéu lién tuc thanh tin hiéu rdi rac theo thoi gian nhung van
giit nguyén tinh lién tuc vé bién do. Hé thong xtr 1y loai tin hiéu nay dugc goi 1a hé thdng roi rac,
dién hinh nhu cic mach tao xung hodc hé thong diéu ché xung.

Khi qua trinh lugng tr héa dugc thuc hién déng thoi ca vé thoi gian va bién d9, tin hi¢u thu
dugc s& 1a tin hiéu sd. Trong cac hé théng diéu khién sd, cac tin hiéu diéu khién chi ton tai tai cac
thoi diém roi rac, cach déu nhau theo chu ky le"iy mau TT. Do d6, bién do cua tin hiéu chi duogc xac
dinh tai cac thoi diém nay.

Viéc phan tich va dam bao tinh 6n dinh ctia hé théng diéu khién sb trd nén phirc tap hon so véi
hé théng lién tuc, do anh huéng cia qua trinh 14y mau va luong tir héa. Vi vy, viée nghién ctru va
ap dung cac phuong phap phan tich, thiét ké phu hop 1a can thiét.

Hién nay, hé théng diéu khién sd duge ung dung rong rai trong nhiéu linh vuc nho su phat trién
clia may tinh s6 va vi xir Iy, cting voi su cai thién vé chi phi va d9 tin cay (Than Ngoc Hoan va cong
su, 2022).

Hinh 1. H¢ thong diéu khién sd

— N Khau diéu y  Khiudieu
—p S
Digital Computer D/A khién G1(s) khién G2(s)

v

AD

A

Nguon: Tong hop va hiéu chinh tir (Than Ngoc Hoan va cong su, 2022).

Trong hé théng diéu khién sd, may tinh sé dong vai tro trung tam, két ndi voi déi tuong didu
khién thong qua cac bo chuyén d6i twong tu — s6 (A/D) va s6 — twong tu (D/A). Do d6, trong hé
théng tn tai déng thoi hai loai tin hiéu: tin hiéu rdi rac nhu r(nT), e(nT), b(nT) va tin hiéu li€n tuc
nhu u(t), m(t), c(t). Hé théng nay duogc goi 1a hé théng dir liéu lay mau).

Qua trinh 1ay mau c6 thé dugc mb ta bang cach xét mot tin hiéu lién tuc e(t). Khi lay mau tin
hiéu nay tai cac thoi diém cach déu nhau véi chu ky T, ta thu dugc ddy gia tri:

e(0), e(T), e(2T), ..., e(nT)

Day gia tri nay chi phan anh tin hiéu tai cac thoi diém léy mau. Gia tri ctia tin hiéu tai cac thoi
diém khac can duoc x4p xi thong qua cac phuwong phap ndi suy.

Trong thyc té, do ddi twong diéu khién va phan tir chap hanh thuong 1a cac hé thong lién tuc,
nén tin hi€u roi rac sau khi xt 1y can dugc chuyén dbi tro lai thanh tin hiéu lién tuc thong qua bo
giit mau hodc bo D/A dé dam bao tin hiéu diéu khién duoc duy tri trong khoang thoi gian gitra hai
lan lay mau.

3.2. Thiét ké b diéu khién PID sé diéu chinh toc dg dong co dién mot chiéu trong hé truyén
dong dién

3.2.1. Noi dung thiét ké
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a) Céu triic hé Zruyén dong dién

Muc tiéu co ban cta hé diéu chinh ty dong truyén dong dién 1a dam bao cac dai lugng didu
chinh (nhu tde do, mo-men) bam theo gié tri dat, khong phu thudc vao cac tac dong nhidu tir moi
truong hodc tai.

Céu trac chung cua hé diéu chinh ty dong truyén dong dién dwoc thé hién trén Hinh 2, bao gdm
hai phan chinh: phan lyc va phan diéu khién (Nguyén Pinh Trung, 2023).

Phan Iyc gom: Pong co truyén dong MMM din dong may san xuit MxM_xMx; B bién d6i
nang luong (BD)

Phan diéu khién gdm: Cac thiét bi do luong (PL); B6 diéu chinh RRR;

Ngoai ra, hé théng con ¢o6: Tin hiéu dat (THD); Cac tin hi¢u nhiéu loan (NL)

Hinh 2. Céu tric chung cua h¢ diéu chinh tu dong truyén dong dién

NL
TH®
r — b®=::=-® ———~ MX
S —
®|
e

Nguoén: Tong hop va hiéu chinh tir (Nguyén Dinh Trung, 2023).

Pong co truyén dong co thé 1a dong co mot chiéu, dong co khong déng bd, dong co déng bo
hoac dong co budc. Trong nghién ctru nay, ddi tuong diéu khién 1a dong co dién mot chiéu.

B6 bién d6i (BD) sir dung cac linh kién ban dan cong suit nhu chinh luu, bién tan, b bam
xung,... voi hai chttc nang chinh:

Bién doi nang luong dién phu hop véi yéu cau cia dong co

Truyén tai tin hi¢u diéu khién dé diéu chinh cac thong s dau ra nhu dién ap, dong dién, cong
suét hodc tan sb

Tin hiéu diéu khién dugc tao ra tir bo diéu chinh RRR, duya trén sai léch gitta tin higu dat va tin
hiéu phan hoi tir hé thong. Sai 1éch nay dugc xir 1y dé tao ra tin higu diéu khién phii hgp nham dam
bao chat lwong dong va tinh ctia hé théng.

Céc dai lugng can diéu chinh trong h¢ truyén dong bao gém: md-men, toc do va dong dién.
Trong thyc té, dé nang cao chat lugng diéu khién, hé thong thuong sir dung nhiéu mach vong nhur:
mach vong dong dién, tdc do, dién ap, tur thong,. ..

b) Cdc van dé khi thiét ké hé diéu chinh truyén déng dién

Khi thiét ké h¢ diéu chinh ty dong, can dam bao dong thoi cac yéu cau: Yéu cau cong nghé; Chi
tiéu chat lwong; Hiéu qua kinh té.
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Chat luong hé théng duoc danh gia & hai trang thai: Trang thai tinh (d0 chinh xac diéu
chinh (sai s6 x4c lap)); Trang thai dong: cac chi tiéu nhu d6 qua diéu chinh, thoi gian xac lap,
toc do dap tng va s6 1an dao dong (Bui Qudc Khanh va cong sy, 2020)

Hinh 3. Cac thong s6 dic tinh dap tng theo thoi gian

Xra
XA/ >
X \/
X-A
X

t

fo] 4

tm

tr

Nguon: Tong hop va hiéu chinh tir (Bui Quoc Khanh & cong su, 2020).
Trong d6: t, - thoi gian diéu chinh; t1 - thoi diém dat cuc dai lan dau;
tm - thot gian dat gia tri cuc dai to - thoi gian tré
px - 40 qué diéu chinh
¢) Sai léch diéu chinh va hé so sai léch
Xét hé thong diéu khién c6 cau tric ti gian nhu trén Hinh 4 (Nguyén Dinh Trung, 2023).
Hinh 4. So dd hé théng diéu khién
a) So dd khdi; b) Dac tinh qua do

NN RO} Ol
1 &)
R E C
‘?_‘ Fo(P) tm— R(t) &t) t
a) b)
Nguon: Tong hop va hiéu chinh tir (Nguyén Dinh Trung, 2023).
E(p)
CP)=FP}RP)+ Y E(p)N.(p) Fp=27
LE@N L+ F,(p)
Fo(p) : ham truyéq mach hé TM : thiét bi cong nghé
R, r(t): tin hiéu diéu khién C, ¢(t): tin hiéu ra
e = R - C: sa1 léch diéu chinh Ni: cac nhiéu loan

F(p): ham truyen do1 véi cac nhieu loan

Céc thanh phﬁn qua do cua C(t) phu thudc vao dac tinh ctia mach vong diéu chinh, vao tin
hiéu diéu khién; la nghiém ciia cac phuong trinh vi phan khong thuan nhat. Thanh phan nghiém
riéng ctia C(t) theo R(t) s& chép lai R(t) v6i d6 chinh xac nao d6. Thanh phan ctia C(t) theo nhiéu
loan Ni(t) phai cang nho cang tot.

Sai léch diéu chinh e(t) = R(t) - C(t) ¢6 thé viét dang chudi ham:
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dR(f) +C, d-RSf) +..1C; d'R(f) Foeeeieenn + Civa L’I\/T”v(f) +K(t)

e(t) = CoR(1)+C4
dt dt dr' dt

Nhur vay néu biét truée R(t) va céc nhidu Ni(t) va bo qua thang du K(t) thi ta c6 thé xac
dinh duogc sai 1éch e(t) néu tinh todn duoc cac hﬁng s6 Ci. Cac hﬁng s6 C; - 12 cac hé s sai léch:

Co - hé sb sai 1éch tde do; Ci - hé s6 sai léch tde do; Ca - hé sb sai 1éch gia toc.
Mot hé théng chinh xac tuyét ddi 12 hé ¢6 moi hé s sai léch déu béng khong.

Ham truyén ctia hé thong (Nguyén Vin Hoa, 2025):
Fup =5@) _ £ _Mp)
R(p) 1+F(p) N(p)

Néu dem chia da thirc M(p) cho da thirc N(p) thi ta co:
Fe(p) = (Co+C1P+Cop*+ ... +Cip").R(p)

Tu do suy ra cach tinh cac hé s sai léch diéu chinh:
Co=lim{Fe(p)} khi p—0

C;=lim{ l [Fe(p)-Co]} khi p—0
p

i-1
C;=lim{ i|:Fe(p) —ZCkpk} } khi p—0
P

k=0

Cling co thé tinh duoc cac hé s sai léch vdi tin hiéu diéu khién nhd ham truyén cua hé
thdng d6i vé6i tin hiéu diéu khién:
Fp) =) __E(p) Fo(p)= R(p)-C(p) - _F(p)
R(p) 1+F(p) R(p)

C6 thé viét ham truyén & dang ti s6 cac da thirc:

_by+bp+bp’+..+bp"
l+ap+a,p’+..+ap"

Str dung cong thirc (1-4) ta suy ra cach tinh cac hé s6 sai léch nhu sau:

CO = 1' bO

Cl =ar- Coa1 - bl,

Cy=ay-Cja; - Coaz- by,

............................ -

C; =a;- Cpa; - bl- Z C]‘ai_

y=1

E(p)

v

Néubo=1,br=as... bi=a; .... bu = an thi tat ca cac hé so sai léch s& bang khong.
d) M6 hinh todn hoc dong co dién mot chiéu

M@ hinh dong co DC duoc mo ta béi hé phuong trinh vi phan (Vi Gia Hanh & Tran Khanh
Ha, 2021a, 2021b):
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590 e 559 4 _Y _risv-g 8]
i dt ) dt L\ *dt)
Trong do:
2,2 _ LA A A 1A .
J=0.01 Kgm /s 1a moment quan tinh rotor b=0.1 Mms la hé s0 ma sat cac bo phan co khi

K=K =K =0.01 Nm/Ala héng s6 stre dién dong R =10 ohm la dién tr¢ day qu?in
L=0.5 H1ahé sb tu cam V la dién ap dat 1én cudn day ctia motor
0 1a toc do truc quay (ngd ra ciia mo hinh) 11a dong dién chay trong cuén day cua motor
Mot hé thong ly tudng c6 tat ca cac hé s sai léch bang 0.
Cac hé s nay dugc xac dinh théng qua ham truyén cua hé thong (Nguyén Van Hoa, 2025).
Hinh 5. M6 hinh toan hé diéu khién téc d6 dong co DC

T{/e

Nguén: Téng hop va hiéu chinh tir (Vii Gia Hanh & Tran Khanh Ha, 2021a, 2021b).
e) Thudt todn diéu khién PID so
Ham truyén lién tuc PID c6 dang:
H(s )—M Kp+&+Kd*s
e(s) s

Trong d6 u: ngd ra, e ngd vao cua bd hiéu chinh

Thuét toan PID c6 thé nhan dwoc khi sai phan ham truyén trén, twong {ing phuong trinh vi
tich phan sau:
de(t)
dt

K,.e(t) +K; f e(t).dt + K. =u(t).K

Gian doan hoa:
Khau vi phan (dung dinh nghia sai phﬁn):
K de(t)
d

~ (e[n] - e[n —1])
Khau tich phan (theo nguyén tic hmh thang)'

Je@).dt =2 ¥k q(e(k) + e(k — 1))
V61 e(0) =0, Suy ra:

efn].k = K, e[n]+—(e[n]—e[n 0+ Z(e(k)+e(k—1))

k=1
Thay [n] bang [n - 1] va trir vao phuong trinh trén nhan dwoc cong thirc cho phép ching ta
tinh u[n] tir u[n - 1] va céc gi tri lién tiép cua e[n] nhu sau:
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uln] —u[n —1] = (Ap.e[n] + A.e[n — 1] + A,.e[n - 2]) /K
uln] =uln—1]+ (4g.e[n] + A;.e[n — 1] + A,.e[n — 2]) /K

Trong d6, T 1a chu ky lay mau.
3.2.2. Tinh chinh tham sé va co sé lwa chon bé diéu khién 16i wu

Qua trinh thiét k& b diéu khién PID s6 cho dong co DC duoc thuc hién qua hai giai doan
ké tiép nhau dé ¢am bao tinh khoa hoc va dd chinh xéc thue nghiém. 0 gial doan dau, cac tham
s0 co ban (Kp = 120, Ki = 381.6, Kd = 9.4) dugc xac dinh théng qua phuong phap Ziegler-
Nichols dua trén dac tinh dap ung thoi gian cua ddi tuong. Tuy nhién, theo nhan dinh ctia Astrom
& Hagglund (2006), phrrong phap Ziegler-Nichols thuong cho dap tng c¢6 d6 qua diéu chinh
kha 16n, d6i khi 1én t6i trén 25%, diéu nay c6 thé gay ra nhimg ct séc dong dién va tng suat co
khi khong mong mudn trong hé truyén dong dién.

Pé khic phuc nhuoc diém nay, chung t6i dé tién hanh tinh chinh cac tham s6 dwa trén cac
tiéu chi k¥ thuat cu thé: wu tién triét tiéu dao dong xac lap; giam d6 qua diéu chinh xuéng dudt
5% va duy tri sai s6 xac 1ap o ~ 0. Co so cua viéc diéu chinh nay dwa trén nguyén ly anh hudng
ctia cac thanh phan PID (Nguyén Vin Hoa, 2025; Bui Quoc Khanh & cong sy, 2020). Cu thé,
thanh phan tich phan Ki dwgc giam xudng mtrc 250 (giam 34% so v6i tinh toan ly thuyét) nham
han ché ning luong tich lily gay vot 16, trong khi thanh phan vi phan Kd duoc ting nhe 1én mirc
12 (ting 27%) dé cai thién tinh 6n dinh va lam muot dap ing qua do.

B6 thong sd cudi cung (Kp = 100, Ki =250, Kd = 12) duoc lya chon sau khi thuc hién mo
phong lap lai va kiém ching trén phan mém Matlab/Simulink theo quy trinh (Nguyén Phing &
Nguyén Thi Lan Huong, 2021). Pay la bo thong s6 mang lai si can bang t6i wu cho hé thong.
Mic du viéc giam Kp va Ki khién thoi gian ting (t;) chdm hon so v6i phuong phap Ziegler-
Nichols thuan tuy, nhung di lai hé théng dat duoc sy on dinh tuyét dbi, khong con dao dong
quanh diém dit va do qua diéu chinh gﬁn nhu duoc loai bo hoan toan. Viéc lua chon nay hoan
toan phu hgp vé1 thuc té van hanh céc hé truyén dong dién cong nghi€p, noi sy an toan va on
dinh cua thiét bi ludn duoc dit 1én hang dau.

3.3. Két qui mé phong
3.3.1. M6 phong hé thong b¢ diéu khién PID so
Hinh 5. So d6 khoi hé diéu khién PID

+ . )
Tin hifu vao PID = Doitwong Tin hiura

Nguon: Tong hop va hidu chinh tir (Nguyén Dinh Trung, 2023).
Trong d6 ham truyén cua khau PID la:
K, Kps? +Kps +K,

= +Kys=
S S

K, +
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KP la do lo1 cua khau ti 1¢; KI la d6 lo1 cua khau tich phan; KD la @6 lo1 khau vi phan
Viéc hiéu chinh phu hop 3 thong sb KP, KI va KD s& lam tang chat lwong diéu khién. Anh

huéng ciia 3 thong s nay 1én hé thong nhu sau:
Bang 1. Hiéu chinh cac thong s6 k¥ thuat bo diéu khién PID

Pap ung vong kin | Thoi gian tang | Budc nhay | Thoi gian qua do Sai sb xac lap
Kp Giam Téng it thay déi Téng
Ky Giam Téang Téang Khéng xac dinh
Kp t thay déi Giam Giam Thay dbi it

Nguon: Téng hop cta nhém tac gia.
Hinh 6. Pap tng dau ra ciia hé thong dung bo diéu khién PID

Step Response

15
Overshoot
L R R T ¢
1 AN I xR R C o /Yy
090 [-- ! [
I &
| ! S-S error
] T 1
1 I
K settling time
[ |
1 _I
|[ rise time
01 H
005 01 015 02 025 03 035 04
Time (sec)

Nguon: Tong hop va hiéu chinh tir (Nguyén Dinh Trung, 2023).
Khi thém bo diéu khién PID, ham truyén hé ciia hé thong la:
Hinh 7. So' do tinh todn ham truyén hé théng khi ¢6 bo PID s6

K numc num
| PID | > e— - —
P UL+ R (L bsH(BE R K2) denc den
FID Controller Transfer Fen  Transfer Fen

DC motor
Nguon: Tong hop va hiéu chinh tir (Nguyén Dinh Trung, 2023).
Hinh 8. Hi€u chinh thong s6 cua bo didu khién PID

Step Response

Amplitude

200 250 300

1
100 150

Tima fcarh

Nguén: Tong hop va hiéu chinh tir (Nguyén Dinh Trung, 2023).
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>>Kp=100;

>>Ki=1;

>>Kd=1;
>>numc=[Kd, Kp, Ki];
>>denc=[1 0];

>>numa=conv(num,numc); % tich chap tu sb
>>dena=conv(den,denc); % tich chap mau sb

>>[numac,denac] = cloop(numa,dena); %ham truyén vong kin hoi tiép 4m don vi
>>step(numac,denac) % déap tmg Step ctia hé diéu khién PID:

3.3.2. Phwong phdp Ziegler-Nichols tinh chinh bé diéu khién PID sé

Mot phuong phap co dién nhung don gian va hiéu qua dé chinh dinh ba théng s6 KP, KI va
KD ctia bo diéu khién PID 1a phuong phap Ziegler-Nichols (Ziegler Nichols Tuning Method).
Thu tuc chinh dinh nhu sau:

- Chi diéu khién hé thong bang bo diéu khién ti 1& K, (dat K = K =0).

- Tang K, dén gia tri K.ma ¢ do he thong bat dau bat 6n (bat dau xuat hién su giao dong -
diém cuc ctia ham truyén kin nam trén truc ao jo). Xac dinh tan so o cua giao dong vira dat.

Tur hai gia tr1 K. va » vira dat, cac thong sb K., K, va K dugc xac dinh:
g C

Bang 2. Phuong phap Ziegler-Nichols hiéu chinh cac thong s6 k¥ thuét bo diéu khién PID

B¢ diéu khién K, K, K,
P (ti 18) 0.5K,
PI (tich phan ti 1&) 045K, 0.191K, o,
PID (vi tich phan ti 1€) 0.6 K. 0.318K,m, 0.785K,,m,
PID v6i mét it vot 16 0.33 K. 0.318K,0, 2.07K 0,
PID khéng vot 16 02K, 0.53K, 0, 3.14K, o,

Nguon: Tong hop va hiéu chinh tir (Nguyén Vian Hoa, 2025); Astrom & Higglund, 2006).
Gia st can thiét ké bo diéu khién PID cho hé théng:

Hinh 9. So' d6 mach dién md phong hé thong c¢6 bo dicu chinh PID sb trén Simulink

5 ]
FIC oo -
I =3+ 1052+ 100s

Step FI Contraller Flant Scope

Nguén: Tong hop va hiéu chinh tir (Nguyén Phing & Nguyén Thi Lan Hwong, 2021).
Budc 1: Piéu khién hé théng chi vé6i bo diéu khién ti 1é:

Hinh 10. So d6 mach dién mo phong hé théng ¢6 bo diéu chinh P s6 trén Simulink

5 I |
| Hp L -
=F+10=2+100=
Step Froporional Flant Scope
Contraller

Nguon: Tong hop va hiéu chinh tir (Nguyén Phing & Nguyén Thi Lan Huong, 2021).
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Buéc 2: Xac dinh K. va w.ma & dé hé thong bat dau dao dong (dung ham rlocus):
Hinh 11. Tham s6 K. v o¢ b diéu khién PID

Root Locus
15

1C

Imag Axis

Nguon: Tong hop va hiéu chinh tir (Nguyén Phing & Nguyén Thi Lan Hwong, 2021).
>>close all
>>num = 5;
>>den =110 100 0];
>>[numc,denc] = cloop(num,den);
>>htkin = tf(numc,denc) % ham truyén vong kin
>>tlocus(htkin); % v€ quy dao nghiém
>> axis([-10 10 -15 15])

>>[Kc¢,0Omegac] = rlocfind(htkin) % xac dinh Kc va o, bang ham rlocfind

Nhép chudt vao diém giao nhau giita quj dao nghiém va truc a0 cua do thi, trong
WorkSpace ta duoc:
Kec= 199.5793 Omegac = -10.0145
0.0072 +10.00721
0.0072 - 10.00721

Hinh 12. Dap tmg dau ra hé thong

Step Response

Amplitude

Nguén: Tong hop va hiéu chinh tir (Nguyén Phung & Nguyén Thi Lan Huong, 2021).
Nhu vay, ta duoc KC=200 va ®.= 10. Suy ra thong s6 ctia bd diéu khién PID:
KP =0.6K.=120
KI= 0.318Kc.00.=381.6
K, =0.785Ky/0.= 9.4
Thir dap mg cta hé:
>>Kp = 120; Ki=381.5; Kd =9.4;
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>>numc = [Kd, Kp, Ki];

>>denc =[1 0]; % ham truyen cua PID
>>[numac,denac] = cloop(conv(num,numc),conv(den,denc))
>>step(numac,denac)

Budc 3: Thuc hién twong tu, diéu chinh mét lwong nho ba thong sb KP, KD va KI dé duoc
dap tng tot hon.

* M6 phong trén phan mém Matlab & Simulink
- So @6 mo phong trén Simulink:

Hinh 13. So d6 mo phong hé thong

Gain

.K.%i
1
B

468 442

!l
Lal

0.0034s+1 0.27s+1
Transfer Fen Transfer Fend Gaind Integrator? Soope

Gain3  Integrator
Gaint Integrator

Transfer Fend
1013
"l

el
0.0037s+1

Transfer Fen2
0.00376
0.003s+1

Nguon: Téng hop va hidu chinh tir (Nguyén Phing & Nguyén Thi Lan Huong, 2021).

- Pap tmg toc do:

Hinh 14. Dap tng dau ra toc do dong co mét chiéu st dung bo diéu khién PID

Nguon: Tong hop va hiéu chinh tir (Nguyén Phing & Nguyén Thi Lan Huong, 2021).
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Khi thiét ké, lua chon cac thong s Kp, Ki, Kd caa bo diéu khién PID phu hop 1a rat quan
trong. Cong viéc nay phai dam bao khi tinh toan lya chon thi tin hiéu diéu khién dua trén sai sd
trong pham vi cho phép (1&ch chuan tin hiéu vé& khong). Qua két qua mo phong, ching t6i nhan
thay khi hé thong truyén dong dién mot chidu c6 sir dung b diéu khién PID dé diéu chinh toc
6 1a hidu qua va duoc thé hién qua dap ing tham s6 toc do dau ra (Hinh 14) 1a dat yéu cau; tin
hiéu nay s& duoc diéu chinh dé giam sai s6 vé khong, hé thong c6 thé dat duoc d6 chinh xac cao
trong viéc diéu khién tdc do, kha nang on dinh tdt, it bi anh huéng boi cac nhiéu.

3.3.3. Phan tich dinh leong va danh gid chdt lwong diéu khién

Pé danh gi4 chinh xac hiéu qua cta bd diéu khién PID s6 sau khi tinh chinh, céc chi tiéu
chat luong ciia hé thong dugc trich xuat tir d4p ing qua d¢ (Hinh 12 va Hinh14) va tong hop tai
Bang 3. Cac chi tiéu bao gom: thoi gian ting (t,), thoi gian xéac 1ap (t; - theo tiéu chuan 5%), do
qué diéu chinh (c%) va sai s6 xac 14p (o).

Bang 3. So sanh céc chi tiéu dinh luong ciia hé thong

Chi tiéu chét lvong DV"i“ Nﬁ‘i‘fifizpt lﬁf iih) Sau khi tinh chinh tham s
Thoi gian tang (t;) giay 0.08s 0.12s
Thoi gian xéc 1ap (ts) glay 0.45s 0.25s
D6 qua diéu chinh (6%) | % 25.4% 2.1%
Sai sb xac lap (o) % 0.5% ~0

Nguon: Tinh toan va mo phéng cta nhom tac gia dua trén
(Nguyén Phung & Nguyén Thi Lan Huong, 2021; Astrom & Hagglund, 2006).

Tur két qua bang so sanh, ta thay:

-P¢ qué diéu chinh: Vi bo thong s theo phwong phap Ziegler-Nichols thuan tiy, hé théng
c¢6 d6 qua didu chinh kha 16n (25.4%), diéu nay cé thé gay hai cho céc chi tiét co khi va géy
dong khoi dong 16n. Sau khi tinh chinh, d6 qu4 diéu chinh giam xudng mirc rat thap (2.1%),
gitip hé thong van hanh ém 4i hon.

- Thoi gian xéac lap: Mic du thoi gian ting (t) ciia bd thong sb tinh chinh cé 16n hon mot
chiit so v6i ban dau, nhung thoi gian xac 1ap (ts) lai giam dang ké tir 0.45s xudng con 0.25s.
Diéu nay cho thay hé thong nhanh chéng di vao trang thai 6n dinh, it dao dong hon.

- Sai s6 xac 1ap: Ca hai truong hop déu cho sai s6 rat nhé. Tuy nhién, b théng sb tinh chinh
cho két qua bam sat toc d6 dat gan nhu tuyét d6i, dap Gmg t6t yéu cau vé d6 chinh xac trong
diéu chinh toc do dong co DC.

Chiing t6i thay rang, viéc chap nhan mot thoi gian ting (t.) 16n hon dé doi lay sy triét tidu
dao dong va giam d6 qua diéu chinh 1a mot su danh déi can thiét, phu hop véi cac hé truyén
dong dién yéu cau su on dinh cao.
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4. Két ludn

Nghién ctru nay di xdy dung thanh cong mé hinh va mé phong bd diéu khién PID s cho hé
truyén dong dién dong co mot chiéu. Két qua cho thay, viéc ap dung ciu tric PID s6 khong chi dam
bao kha niang diéu chinh téc d6 chinh x4c va dn dinh, ma con phat huy tinh linh hoat cao trong qué
trinh roi rac hoa cac luat diéu khién thyc té. Thong qua viéc két hop gitta phuwong phap thiét ké kinh
dién Ziegler-Nichols va qué trinh tinh chinh thuc nghiém, hé théng da dat duoc cac chi tiéu chit
lwong vuot troi: thoi gian qua do ngin, triét tiéu duoc sai s6 xac 1ap va kiém soat tét do qua didu
chinh trong gidi han cho phép.

B6 diéu khién PID s6 da chuing minh dugc hi€u qua rd rét trong viéc xur ly cac tin hi¢u roi rac,
phut hop v6i xu huéng hién dai hoa va tich hop vi xir Iy vao cac hé théng tu dong hoa cong nghiép.
Véi ciu triic don gian nhung bén ving, ddy c¢6 thé duoc xem 14 giai phap tdi uu cho bai toan didu
chinh tc d6 dong co DC, gop phﬁn nang cao hi¢u suét van hanh va do tin cay cho cac hé truyén

dong di¢n trong thuc tién san xuét.
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