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NANG CAO CHAT LUQONG KHAU PIEU KHIEN PI
CHO HE THONG TRUYEN DPONG VOI GHEP NOI PAN HOI

ADVANCING PI CONTROLLER QUALITY FOR DRIVER SYSTEM WITH AN ELASTIC JOINT

Trin Vin Than
Truong Pai hoc Tran Pai Nghia; tranthanpkkq@gmail.com

Tém tat - Trong bai bao nay, tac gia sé trinh bay phuong phap
thiét k& va két qua nghién ciru sra déi khau diéu khién PI cé dién
nham muyc dich nang cao chét lugng khau diéu khién Pl cho hé
théng truyen doéng voi ghép nbi dan héi. Sau phan mé dau ngan
gon tac g|a sé trinh bay vé phwong phap va cac budc thiét ké khau
diéu khién PI cting nhw khau PI dwqc stra ddi. Dong thoi tac gia
danh gia nhitng wu nhwoc diém cia khau Pl cb dién tir 46 stva doi
khau PI bang cach bd sung thém cac thanh phan phan héi vé dau
vao khau diéu khién Pl nhw md men xoan ms va sai léch glua tbc
d6 dong co va toc dd tai (w2-w1). Tac gia danh gia két qua nghién
ctru va rat ra két luan cho hé théng duoc thiét ké théng qua két
qué md phéng bang phan mém Matlab & Simulink két hop véi két
qua thtr nghiém tai phong thi nghiém trén déi twong thuc.

Tw khéa - hé thong truyén dong hai khéi; khau diéu khién PI; phan
hdi trang thai; chdng rung xoan; hé théng truyén dong.

1. it van dé

Trong thyc té, rit nhidu hé thong truyén dong c6 xay ra
hién tugng ghép ndi véi truc khong cting hoan toan. Trong
nhitng hé thong do, ¢6 thé do két cau cua truc khong cimg
hoan toan, hay do tuong quan gilta mé men quan tinh cua
ddng co ciing nhu may cong cu rat 16n so voi d6 cimg ctia
truc ghép ndi... Trong rat nhiéu nghién ciru hién nay,
nhing hé théng nay dugc biét dén véi tén goi quen thudc —
hé thong truyen dong hai khéi (two-mass system) — hay h¢
thdng truyén dong véi ghép ndi dan hoi, ghép ndi mém.
Khi xay ra hién tuong trén, dé diéu khién chinh xac dbi
tugng 1a vo cung kho khan, dudi tac dyng mé men quay
cua dong co gdy nén hién tuong bién /dang dan hdi va sinh
ra md men xoan trén tryc, trong hé thong cé thé xay ra hién
tuong dao dong, c6 kha nang dan téi hién _tuong mét 6n
dinh cho h¢ thong, nguy hiém hon c6 thé dan téi pha hiy
hé théng. Hodc hé thong hoat dong duoc thi ciing véi thoi
gian qua trinh quéa d¢ dai, 6 chinh xac va dap ng tin hiéu
didu khién véi nhitng gi4 tri xac 14p mong mudn vo cling
khé khin. Trong céc nghién ctru hién nay, dé didu khién hé
thdng truyén dong dang nay c6 rat nhiéu phuwong phap khac
nhau, nhung n6i chung né dugc xem xét ¢ hai mang sau
day: diéu khién hé thong dung cac thuat toan diéu khién cb
dién [3], [5], [7], [8] va diéu khién hé thong sir dung cac
thuat toan diéu khién hién dai [4], [6], [9], [10]. V&i muc
dich nang cao chét luong, thda man cac yéu cau dat ra cho
qué trinh diéu khién hé thong truyén dong hai khdi, trong
nghién ctru nay tac gia thuc hi¢n theo giai phap méi do la:
sira dbi thuat toan diéu khién Pl c¢d dién cho hé théng
truyén dong voi ghép ndi dan hoi.
2. Két qua nghién ciru va khao sat
2.1. Mé hinh todn doi twong nghién civu

Heé théng truyén dong véi ghep n(")i‘dém hoi dugc biét dén
véi tén goi quen thudc 1a hé thong truyén dong hai khoi (two-

Abstract - This paper presents the design methods and research
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joint. Following the brief opening, the author explains the methods
and design stages in controlling as well as modifying PI.
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mass system). Khoi thir nhit dugc hiéu ¢ day 1a dong co dién
(c6 thé 1a dong co dién mot chiéu, xoay chiéu, PMSM...)
phét sinh ra truyén dong trong hé thong, khdi thir hai d6 1a
may tai, hay mdy lam viéc. Ca hai khdi nay duoc gin 1én hai
diu mot truc dan dong ma ¢ do truc khong ctmg hoan toan,
trén tryc dan dong phat sinh mo men xoan trong qua trinh
truyén dong [1], [2], [3], [5], [7], [11]. D6 chinh la yéu to
gdy ra su sai khac (khong mong mubn) giita tbc d6 dong co
phat dong w1 va toc do may 1am viéc w,, hodc nguy hiém
hon con co thé dan t6i dao dong manh phé hiy ca hé thong.

m,(t)

Motor Load my(t
@(t) m, (t) @(t)

Hinh 1. So d6 vdt Iy hé thong truyén dong hai khéi
S0 d6 vat 1y m6 ta hé théng truyén dong hai khéi duge
thé hién trén Hinh 1. Qua phan tich hé théng [3], [6], [7],
[9] chung ta nhan dugc h¢ phuong trinh vi phan md ta hé
thong truyén dong hai khoi nhu sau (1)-(3):

920 -m. 0 o)

7,920 - 9 -m, 9 )
d

1. 0= -0, @3

O day: w1, w2 — tdc do dong co va tde do tai; me, ms, ML
— mo men dién tir, m6 men xoan va md men tai; Ty, To, T
— hang s6 thoi gian co khi dong co, cla tai va thanh phan
dan hoi hé thong.

Hé thdng di dugc nghién ctru ca trén phan mém mé
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phong Matlab & Simulink va kiém nghiém trén ca dbi
tuong thuc ¢ phong thi nghiém véi cac gia tri hang s thoi
gian danh dinh la: T;= T,=203ms va T,=2,6ms.

Tir mé hinh toan hoc mé ta d6i tuong (1) - (3) véi gia
dinh quan h¢ tin hi€u vao hé thong truyen dong la m6 men
dién tir me va tin hiéu ra hé théng truyén dong 1a tc do tai
w2, qua tinh toan ta nhan dugc ham truyén dat cua hé thong
truyén dong hai khéi nhu sau (4):

@, (3) 1
G,, (s)= 23> -
me(s) sTT,T, +s(T, +T,)

2.2. Céu tric diéu khién

(4)

V6i muc dich nang cao chat luong diéu khién cho hé
thong truyén dong hai khéi, sau day ching ta s€ nghién ctru
hé thong véi ciu trac diéu khién 1a khau Pl ¢6 dién, qua két
qua m6 phong s€ phan tich chat luong lam viéc cua khau.
D6 14 co so dé tac gia dua ra dugc giai phap sura dbi, thiét
ké khau Pl véi chat lwong 1am viéc téi uu hon.

2.2.1. Cau triic diéu khién véi PI c¢é dién

Electromagnetic
torque control Frm e e e e e e e = === [

]
o o m(® Load my(t
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]

w@1(t) my(t) a(t)

Two-mass system drive
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PI Controller !

Hinh 2. Cdu tric diéu khién hé thong véi khdau Pl cé dién

Céu trac diéu khién tc d6 hé thong voi khau didu khién
Pl cb dién thé hién trén Hinh 2, trong d6: tin hiéu tic dong
vao hé thong hai kh6i 1a mé men dién tir me va mo men tai
me. Trong cau tric nay, tin hi¢u tbc do dong co w; duge
dua vé& dau vao khau diéu khién P1 dé so sanh véi toc do
dat. Tin hi€u ra cua khau Pl duogc dua téi vong diéu khién
mo men dé tao ra md men dién tir me dua dén diéu khién
dong co dién (¢ khdi thir nhit) va dam bao cho ca hé thong
truyén dong hai kh6i van hanh. Tuy nhién, vong diéu khién
mé men sé& dugc dé cap dén trong mot nghién ctru khac, &
day coi nhu vong didu khién mo6 men dién tir da 12 ti wu
cho hé théng truyén dong hai khéi.

Vé6i quan hé tin hiéu vao hé thong 1a toc do dat w va
tin hidu ra 14 toc do tai w,. Trong cac nghién ciru da chi ra
ring vong diéu khién mé men cho hé thong t6i wru c6 ham
truyén dat trong dwong nhu khau quén tinh c6 hang s6 thoi
gian kha nho, nén c6 thé 1iy gan ding 1a G, (s) ~ 1. Véi gia
thiét do, qua tinh toan nhan dwoc ham truyén dat cho ca ciu
trac didu khién hé thong 1a (5):

o) Ca(s) S
Gwz (S) - o, (S) - 53T1T2Tc +52T2TCGR (S)+S(T1 +T2)+GR (S) ( )

Vi Gy = K, + <L ham truyén dat ciia khau PI (6)
S

Tt (5) chung ta nhan duge phuong trinh déc trung mo
ta hé thong la (7):

K K
ISR B VI SO PO L I (7
T T, TT. TT. TLT. TT,T,

V6i hé théng co6 phuong trinh dic trung dang (7),
phuong trinh ddc trung cua mo hinh tham chi€u hé thong
s€ ¢6 dang nhu sau (8):

s+ 52450 + 52 (Za)z +4§2w2)+54§a)3+w4 =0 (8)

Sau khi ddng nhat cac hé sé cung bac phuong trinh dic
trung hé thong (7) v6i phuong trinh dic trung ctia mé hinh
tham chiéu hé thong (8), tinh toan chiing ta nhan dugc hé
phuong trinh sau (9-12):

£=2fT,T," - hé 6 dao déng tit din 9)

o=y(T,T, )_l - tan s6 dao dong cong huong (10)
K, =2yT,T," - hing s6 khuéch dai ti 1& PI (11)
K, =T, (T,T,)" - hing s6 ti 1¢ tich phan PI (12)

m,.m, [pu.]

O I A b)

o, [pu]

m,.m, [pu.)

c) T et Tod)

m,.m. [pu.)

e) f) ‘o of 02 0:;[5]:-.

Hinh 3. Két qua mé phong: toc dp dong co (den), 'térc do tai
(xanh) (a,c,e); mé men dién tw (den), mé men xoan (xanh)

(b,d.f). R=0,5 (a,b); R=1 (c,d); R=2 (&,f)

V6i khau PI ¢ dién vira xay dung, quan sat chung ta
nhan thiy cac hé sé cta khau hoan toan phy thudc vao tham
s6 ddi tuong Ty, To, Te. Dé chinh dinh tham s6 (cac hé $6
Kp, Ki) khau PI ching ta chi c6 thé thay d6i cac tham sb hé
thong, hay thay ddi twong quan gi4 tri giita cac tham s
trén. Trong nghién ctru nay chung ta dat hé s6 ti 16 R=T,/Ty,
v6i gia tri danh dinh cho hé théng R=1 (hay
T,=T:1=203ms). Ung dung véi cac tham sd tinh toan nhu
trén, tiép theo sé trinh bay két qua mo phong xem xét phan
{mg xay trong hé thong. Trén Hinh 3 da thé hién két qua
mb phong cho khau Pl ¢b dién véi cac gia tri R khac nhau.

Quan sat két qua mo phong chiing ta nhan thiy, khi R
nhé (R=0,5), tirc | hang sb thoi gian cia méy tai T2 nho
twong ung mé men quan tinh ctia may cong cu nho, cac tin
hiéu trong hé thong xay ra dao dong va trong truong hop nay
do qua dleu chinh ciing 16n hon, su sai khéac giita tbc do tai
®2 va toe do dong co o1 16n (Hinh 3a,c). Khi ting hé sb ti
1é R, tirc 14 ting hang sb thoi gian cta tai T2, md men quan
tinh ctia may tai tang (Hinh 3c, R=1, Hinh 3e R=2), s& giam
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dao dong xay ra trong hé théng, dd qua didu chinh ciing giam
nhanh, hé théng nhanh chéng dat gi4 tri tin hiéu toc do dat
va di vao 1am viéc 6n dinh. Diéu do ciing thé hién twong tir
trén két qua mo phong cho mé men dién tir me va md men
xodn ms (Hinh 3b, d, f). V6i khau diéu khién PI cb dién, dé
chit lugng diéu khién t6t hon ta chi c6 mdi phuong phép
tang hé s6 R. D6 1a diém han ché co ban ctia khau PI.

2.2.2. Cdu triic diéu khién véi khau PI sita doi

Trén co so cac két qua da phan tich & trén, tic gia da
dua ra giai phap stra d6i khau P1 bang cach b6 sung thém
cac thanh phan phan hdi vé dau vao khau diéu khién. Trén
Hinh 4 gi6i thiéu khau P1 duoc sira d6i, ngoai khau PI ¢6
dién twong ty nhu trudng hop trén, hé thong bd sung thém
hai vong phan hoi vé khau diéu khién. Vong phan hoi thir
nhét d6 14 md men xoén ms lay tir hé thong: gia tri md men
xodn Ms ndy dua qua hé sb ky va dua vao so sanh véi giatri
dau ra khau Pl sau d6 cung dwa vao vong diéu khién mo
men cua hé thong, tin hi¢u phan hi tht hai d6 1a sai 1éch
(hiéu sb w; - w1) gitra tde do dong co w1 va tbe do tai wo
duoc dua qua hé s6 k sau do chung dugc dua toi bo téng
hop cing vai gia tri toc d6 dong co w; va so sanh vai toe
dd dat " dé dua vao khau diéu khién PI.

Electromagnetic Two-mass system drive

Pl Controller

o i m(t)  foor Load my¢ i s
— @+ G, ~4.
- — | W_\.' I
| m (1) ol

Hinh 4. Céu triic diéu khién voi khéu P1 bé sung thém
thanh cac bién trang thai phan hoi tir hé thong
V6i so d6 cau triic hé thong trén Hinh 4, ta co thé dé
dang tinh dugc ham truyén dat cua hé thong dé tir 6 nhan
duoc phuong trinh dac trung c¢6 dang (13) nhu sau:

1 Kp K
st L (l+k,) +6° ) k1+ Lk P(L+k) ||+ —D+L:
T T T\T. T, TLT, T,

0 (13)

Tinh toan tuong tu nhu treong hop cho khau PI ¢d dién &
trén s€ nhan dugc hé¢ phuong trinh (14—17) quan h¢ nhu sau:

k =4&%0%T,T, -T,T. -T.T,* (14)
ky = (@°T,T,) " —1 (15)
K, =4TT,T.é0’ (16)
K, =T,T,T.»"

17)

Trong dé: w 1a tan sb dao dong cong hudng va & 1a hé
s6 dao dong tit dan cuia khau Pl sira d6i ma ta thiét ké.

Quan sat hé phuong trinh (14-17) d& dang nhén thay, cac
hé s6 cta khau PI (Kp, K)) va cac hé sb bd sung (ku, kz) ngoai
phu thudc vao tham s6 cia hé théng T1, T2, Te va no con phu
thudc vao tan s6 dao dong cong huong w va hé s6 dao dong
tat dan & cua hé thong vira méi thiét ké. Thay ddi gia tri ctia
cac tham sb nay (& v w) cho phép ching ta thay ddi chat
luong ciia qué trinh diéu khlen hé thong. bay la diém dic biét
quan trong ma khau PI ¢6 dién khong thé ¢6 duogc. Qua cac
két qua md phong d dugc thir nghiém, hé sb dao dong tit dan
£=0.7 1a tot nhét cho hé thong. Gi4 tri nay thoa man cac yéu

cau cho qua trinh dap tmg nhanh, d6 qua Qiéu chinh thich hop
cling han ché dao dong xay ra trong h¢ thong.

0,0y 0]

oy o]

o, [Pl
[ L“T\*‘.ﬁ
=

m,.m, [pu]

L T T T R R Y f) TIME[s)
e) TIME[s)

Hinh 5. Két quda mé phong: téc dg déng co (den),
téc do tai (xanh) (a,c,e); mé men dién tir (den),
mé men xodn (xanh) (b,d.f). Véi £=0.7 va 0=30s"t (a,b);
o =45 51 (¢,d); ® =60 s (e,f)

Sau day ta s¢ di nghién ciru két qua mo phong véi cac gia
tri khac nhau cua tan s6 dao dong cong hudng . Cac két
qua md phong dugce thé hién trén Hinh 5 véi gia tri &=0.7. O
Hinh 5a, b véi gia tri 0=30s", véi gid tri ndy quan sat chung
ta thay thoi gian dap ung ctia hé thong cham, do khi co dot
b1en mé men dién tir me ting cham 1a két qua cua dap tmg
téc do. O Hinh 5e, f khi gi tri @=60s", dat gia tri kha 16n
mod men dién tir 16n nhung khong 6n dinh, c6 xéy ra hién
tugng dao dong nén anh hudng dén tin hiéu tdc do dong co
w1, khi ¢6 tac dong cua tai (t=0,4s) hién tuong tuong tu xay
ra trén toc do dong co w1, Mic du thoi gian déap Ung gia tri
dat twong ddi nhanh, thoi gian qua do ngén, nhung nhin
chung trong trudng hop nay tin hiéu khong thuc su tot. Tro
lai v6i Hinh 5c, d, khi gia tri 0=45s" chit luong diéu khién
hé thong hai khéi dat t6t nhit so v6i hai trudng hop vira phan
tich & trén. Téc d6 dong co wy va tde do tai wy déu dam bao
dap ung nhanh, khi c6 tac dong ciia m6 men tai cd moé men
va toc do déu dat do 6n dinh cao, dic biét khong xay ra dao
dong trong qua trinh dong, day 1a gia tri tham so tbi wu cho
cai dat khau Pl stra doi.

Ngoai cac két qua mod phong trén phan mém Matlab &
Simulink d phan tich trén day, nghién ctru con tién hanh
danh gia trén dbi tuong thuc tai phong thi nghiém (Hinh 7)
™). Trén Hinh 6 thé hién két qua kiém dinh tai phong Lab,
v6i tham sb mé phong t6i wu da phén tich trén day, cai dat
cho khau diéu khién PI stra d6i, chung ta nhan thay thoi
gian dap Gng cling nhu d6 qua diéu chinh cua hé thong rat
t6t, dac biét khi c6 tac dong dot bién hé théng khong xay
ra dao dong va nhanh chéng di vao trang thai lam viéc 6n
dinh. Trong qua trinh d6 m6 men dién tir me ting nhanh (vé
dd 16n), sau khi hé théng lam viéc 6n dinh né lai giam
nhanh vé gia tri danh dinh, con mé men x04n bam theo mo
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men dién tir va dic biét khong xay ra dao dong, hay mét 6n
dinh. Dicu nay chimg té khau Pl stra d6i lam viéc rat tot
trén ca doi tuong thuc t€ tai phong thi nghiém.

oy [P ]
m,.m, [pu)

a) A i .b) : )

Hinh 6. Két qua thuc nghiém do heong trén déi twong thie,
téc do dong co (den), toc dé tdi (d) (a); mé men dién tir
(den), mé men xoan (do) (b) (Trong cdu triic diéu khién PI
sika doi, véi w=45s, £=0,7)

3. Két luan

V6i cac két qua nghién ctru di chi ra trén day, ching ta
c6 thé rat ra cac két luan sau:

Khau diéu khién PI ¢6 dién vin c6 thé diéu khién hé
thong truyen dong hai khéi, tuy nhién chit lwong dleu
khién hé thong chua t6t, chwa dap ung dugc cac yéu cau
dit ra cho céc tiéu chi thiét ké. Hon nira, viéc chinh dinh
cac tham s6 clia khau Pl rit khé khan chi c6 thé diéu chinh
qua tham sd cta hé thdng, diéu nay rat bi dong cho quéa
trinh thiét ké.

Hinh 7. M6 hinh déi twong nghién ciru thiee tai phong thi
nghiém

®) Phong thi nghiém tai bé méon Co dién tir vd‘ Tw dong hoa cong
nghiép — Vién May, Do liwong va Truyén dong dién

Khoa Pién —Dai hoc Bdach khoa Wroctaw — CH Ba Lan.

Khau diéu khién PI dugc stra d6i v6i viée bd sung thém
thanh phan phan hdi nhu mo men xoin ms, VA sai léch giira
téc do dong co w1 vai toe do tai w, vé dau vao qua cac hé
s6 ki, ka2 cho phép hé théng co tac dong nhanh; do qua diéu
chinh nho; khong xdy ra dao dong; do on dinh 1am viéc va
do tin cay lam viéc cao. Hon nira, khau Pl stra ddi ¢ kha
nang chinh dinh gia tri cac hé 6 Ky, Kp, k1, ka thong qua hé

s6 dao dong tit dan va tan sb dao dong cong hudng o cua
hé théng, ¢am bao linh hoat trong qua trinh chinh dinh chét
lwong diéu khién hé théng. Hé thong lam viéce tét trén ca
két qua mo phong va trén ca dbi tuong thyc. Trén day la
nhitng vu diém ndi bat ciia khau Pl sira d6i, dam bao t6t
céc tiéu chi chat luong cho qué trinh diéu khién hé théng
truyén dong vé6i ghép nbi dan hoi./.
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