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MO PAU

1. Ly do chon dé tai.

V&1 muc tieu cong nghi¢p hoa hién dai hoa dat nude va chién luge dén nim
2020 dua Viét Nam tré thanh nuée cong nghiép thi vin dé ning cao chat luong dién
nang 1a mot trong nhimg nhitng van dé dugc nganh dién ndi riéng va nha nude nodi
chung dit 1én hang dau. Tuy nhién véi sy phap trién cong nghiép hién nay cua nudc
ta, nhiéu nha may xi nghiép duoc hinh thanh khip noi, cic 10 cong nghiép ngay
cang dugc str dung nhiéu & cac khu cong nghiép nhu: 16 cam tGng, 10 ho quang, 16
dién tro...Pay chinh 13 mot trong cic nguyén nhan hang dau din dén ton that dién
nang, chit luong dién kém, gdy anh hudng cac thiét bi vién thong. ..

Véi toc 6 cong nghiép héa ¢ nude ta hién nay, viée ap dung cac tiéu chuan
khdng ché murc thai song hai trén ludi dién dé han ché anh hudng cta ching toi cac
thiét bi tiéu dung khac va dam bao chat luong dién ning la diéu tat yéu.

Trén thé gidi di va dang 4p dung cac tiéu chuan dé khong ché mirc thai song
hai nhu tiéu chuan: IEEE 159-2002, IEC 1000-4-3.

Nhu vdy viéc nghién ctru diéu khién cac bo loc dé giam song hai do cac 10
cong nghiép nay thai ra 13 van dé cap thiét, nhim nang cao chit luvong dién ning
cho ludi dién.

Nim bét dugce van dé nay, toi da quyét dinh chon dé tai: “Ung dung h¢ mo
noron diéu khién bo loc tich cuc cho 10 ndu thép cam tng”.

2. Muc dich nghién ctru.
Dé tai nghién ctru img dung hé mo noron diéu khién b loc tich cuc cho 10
nau thép cam tmg, nham nang cao chét luong dién ning cho luéi dién.
3. Poi twong va pham vi nghién ciru.
% D6i twong nghién ciru:
— B0 loc tich cuc AF
— Ngudn tai 10 néu thép cam tng

— Ly thuyét diéu khién md noron



—  Phin mém Matlab/Simulink

*,

D)

* Pham vi nghién ctru:
— Diéu khién bo loc tich cuc AF cho ngudn 16 ndu thép cam tng tng dung hé
mo noron.
— Mo phong qua trinh diéu khién.
4. Phuwong phap nghién ctiru
Nghién ciru 1y thuyét két hop véi mo phong kiém ching trén phan mém
Matlab/Simulink.
5. Y nghia khoa hoc va thuec tién ciia dé tai
Y nghia khoa hoc va thuc tién cta dé tai 1a xdy dung cdu tric diéu khién va
bo diéu khién mo neural, diéu khién bo loc tich cuc cho 10 niu thép cam ng, nham
giam song hai do 10 thai ra dé nang cao chit luong dién ning cho ludi dién. Dé tai
hoan toan c6 thé tng dung vao thyc tién.
6. Cau triic luin viin
Luan van dugc trinh bay theo cAu tric nhu sau:
Moé dau
Chuong 1: Lo cam ing va song hai do 10 cam trng gay ra.
Chuong 2: Cac phuong phap loc song hai.
Chuong 3: Phuong phap diéu khién sir dung hé mo noron.
Chuong 4: Ung dung hé md neural diéu khién bo loc tich cuc cho 10 nau thép
cam ung.

Chuong 5: Panh gia két qua dat duoc.



Chwong 1 - LO CAM UNG VA SONG HAI DO LO CAM UNG
GAY RA

1.1. Tong quan vé 16 nau thép cam vng
1.1.1. Gidi thiéu chung vé Io cam irng

Nguyén ly [am viéc cta 10 cam ing dua vao hi¢n tugng cam tng di¢n tur, khi
dua mot khdi kim loai vao trong mat tur truong bién thién, trong khdi kim loai xuét
hién dong dién xo4y, nhiét ning do dong dién xoay ddt nong khédi kim loai.

Nhiét ndng truyén vao khdi kim loai phu thudc vao cac yéu t sau:

— Pién tré suit p va h¢ s6 tir thAm u cua kim loai

— Tri s6 dong dién cua ngudn cap. Néu ting tri s6 dong dién 1én hai 1an thi
nhiét nang tang 1én bon lan.

— Tan s6 dong dién ctia ngudn cap. Néu ting tan s6 1én bon lan thi nhiét ning

s& tang 1én hai lan.

Tir d6 ta nhan thiy rang: ting dong dién cua ngudn cap hiéu qua hon tan sb
clia nguodn cip nhung thyc té tri s dong khong thé ting 1én dugc qua 16n vi 1y do
cach dién, tri s6 dong 16n 1am néng chay vong cam tmg (mic dau da duoc 1am mat
bang dong nudc lién tuc) cho nén thuc té ngudi ta ting tan sd cua ngudn cap.

CAu tao chung cua lo niu thép cam ung duoc thé hién & hinh 1.1. Céc bd
phan chinh cta cac loai 10 cam tng 1 gidng nhau bao gdm:

— Tu dién, 12 bd phan rat quan trong cta 16, dung dé cung cip ngudn dién cho
qua thinh niu luyén thép.

— B0 phan co di¢n quay nghiéng 10.

— Khung 10 ¢6 tac dung cd dinh cac vong cam tng véi ndi 10, khung 16 duge
lam béng vat li¢u kim loai hoan toam khong c6 tinh nhiém tu.

— Cudn cam tng, cudn cam tng dugc lam bang dng déng quan nhiéu vong
hinh xo4n dc.

— Noi 10 chura liéu kim loai.



— H¢ thong nudc lam ngudi, bén trong 16 ludén cd nude lam ngudi trong qua

trinh chay 10.
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Hinh 1. 1. C4u tao chung cta 16 nau thép cam ung

1.1.2. Cdc bg nguén tan sé cao
Céac bd ngudn tan s cao co thé tao ra bang cac phuong phap sau:

- Dung may phat dién dac biét tan sb cao do két cau co khi nén tan s cua may
phat khong vugt qua 2000Hz.

- B0 bién tan dung thyristor do cong nghé ché tao linh kién ban din chua ché
tao duoc loai thyristor tan sé cao nén tan s6 chi gidi han toi 2000Hz.

- B0 bién tan dung den phat dién tu, tan sd cao t6i 400kHz b'?mg cach dung
den dién tr ba cuc nhung hiéu suat cua bo nguén khong cao, tudi tho ctia dén
thap.

1.1.3. Pham vi ieng dung ciia thiét bi gia nhiét tan so

- Nau chay kim loai trong méi trudng khong khi (16 kiéu hd) trong méi trudng
chan khéng hodc khi tro (16 kiéu kin)

- Thyc hién cac nguyén cong nhiét luyén nhu t6i, ram; dac biét ing dung dé
t6i bé mat cac chi tiét nhu banh rang, co truc khuyu cua dong co diézen khi

yéu cau do cung bé ngoai cao.



Phén logi cdc thiét bi gia nhiét tin so

Theo tan sb lam viéc

Thiét bi gia nhiét tin s6 cong nghiép f= 50Hz.

Thiét bi gia nhiét trung tan (10 trung tan) co tan sé lam viéc £=(0,5 + 10) kHz.
Thiét bi gia nhiét tan s6 cao, c6 tan s6 1am viéc 16n hon 10kHz.

Theo cu tao cua 10.

Lo cam tng c6 13i thép, thudong 13 10 ¢o tan sé cong nghiép duoc cip ngudn
tir bién 4ap dong luc c6 cong suit tir 75 dén 1000k VA.

Lo cam ung khong 151 thép kiéu hd va kiéu kin ding niu chay thép chat

lugng cao, gang, kim loai mau va hop kim.

1.2. Lo nau thép cam tng sir dung mach nghich lwu cong hwéng ngudn dong
song song
1.2.1. Gidi thiéu vé mach 16 cong hwéng song song
Hé théng cung cdp dién cho mach 10 cong hudng song song duoc thé hién
nhu hinh 1.2 sau:
+  Chinh hru c6 E: Mach EE B % Mach EE Tu f
i dieu khien. kho E; don .' nghiclg :E khoi ! mac |
i nanglwongva i bay & hrunguon i dong # song !
loc " W dong 1 " song |
: i " I :
: * f ; ; .
] :' :: : ,
*—— :‘ ; >
" * * " " «
------------------ T Lo cam tmg
Hinh 1. 2. Mach 10 cam ung song song

O mach 10 cong huong song song, viéc tao ra ngudén DC cé phan phirc tap

hon so voi mach 10 cong hudng noi ti€p vi can dén bd chinh luu co6 di€u khién,

thong qua dé nguoi ta mai c6 thé thay doi duoc cong suat cap cho 16. Phan DC, co

cudn khang lam nhiém ctia kho nang luong va loc. B bién d6i DC sang AC la bo

nghich luu cong huong (NLCH) ngudn dong 1a bd bién doi dic biét, thuong dung




tiristor. Pac diém co ban cia NLCH cb phu tai la mot mach vong dao dong voi
dong hodc ap dang hinh sin, do dé cac tiristor trén so d6 s& chuyén mach tu nhién.

Cac NLCH ngudn dong dugc xay dung véi cong sut ngdy cang 16n dén vai
MW, tan sb tir 2000Hz dén 500Hz theo chiéu ting ciia cong sudt. Ngoai ra, dé hd
trg cho viéc khoi dong 10, hé thé)ng cung cép dién phai c6 thém mach khoi dong dé
tao ra it nhat mot chu ky dao dong trén tai, sau do la viéc diéu khién dong cit cac
van & phan nghich luu dé dao dong trén tai dugc duy tri. Mach don bay c6 tac dung
x4 ning luong trong cudn day sau khi qué trinh néu chay da hoan tat.

Viéc thiét ké ngudn cung cép khic nhau ciing c6 nhitng anh huéng khac
nhau dén hiéu suat cua 10 [7], bang 1.1 thé hién su so sanh hiéu suat va viéc cung
cap dién cho 10 ndu thép cam tng.

Bang 1. 1. So sanh hi¢u suat va viéc cung cap dién cho 10 nau thép cam ing

Dic diém B6 bién do6i ngudn dong B6 bién doi ngudn ap
cho qu ginh ndu chiy |~ TP - Rétoso
- Hiéu suat nau chay - 70-80% - 75— 85%
- BO bién doi nguon AC | - Chinh luu ¢6 diéu - Chinh luu khong diéu
sang DC khién khién
- Kho nang lugng DC - Cudn khang, dong - Tu dién, tinh

Lo cam g trong qua trinh van hanh gay ra nhimg van dé nhu: bom nguoc
hai s& gdy qua tai cho hé théng ngudn cung cip, dua nhidu vao MBA 10, 1am cho
dién 4p khong 6n dinh, gay ton that cho hé thong truyén din, giam tudi tho cla cac
thiét bi 1an can, gdy nhiéu thiét bi diéu khién, truyén thong va thiét bi bao vé [7].

So v6i mach 16 cong huong ngudn dong, mach 10 cong hudng ngudn 4p c6 nhiéu wu
diém hon, sy phap trién ctia né di ciing véi cong nghé ché tao thiét bi ban din cong
suit va do ciing 13 1y do vi sao ngdy nay mach 10 cong hudng ngudn ap chiém dén
90%. Tuy nhién ¢ Viét Nam mach 16 cong hudng ngudn dong van con st dung phd
bién trong linh vyc gia nhiét cadm tng, va dac biét la nau thép cam trng dugc nhap tu

Lién X0, Trung Quodc véi cong nghé da cii va day ciing chinh 1a van dé nang né cho



hé théng cung cdp dién cho 10 vé hai va dic biét 1a ganh ning vé cong suit phan
Khang. Pay chinh la doi tuong dugce lya chon dé nghién ctru sy anh hudng ctua no6
dén hé théng dién va trén co s do thiét ké bo loc tich cuc.
1.2.2. Mo hinh héa 16 niu thép cim vng siv dung mach nghich luu cong hwéng
nguon dong song song trén phian mém matlab/Simulink
Céc thong sb ciia md hinh:
- Dién ap cap vao phia chinh luu: Up=220V, f=50(Hz)
- Dién ap dinh murc trén tai: 800(V)
- Tan sb dinh muc cua tai: 700(Hz)
- Cong suat dinh mic cua tai: 300(kW)
- Dién tro va dién khang cia duong day, mdy bién ap trudc Bl va sau Bl lan

lugc la: Rs=0.1Q, Ls=0.03mH, R=0.15Q, L,=0.07mH.

Bo chinh luu Khonang  Mach B0 nghich luu cong Tailo  Mach
c6 diéu khién lugng va loc don bay hudng ngudn don, ndu thép khdi dong
Y R ! 1
LAy !
I
| Lo | |
1 ! 1
| | 1
: | : EZ | XZ : |
1 ! 1
| —_ 1
o i : l o C— 1
o ! - - l
! ] ] 1 ! 1
! | | ! 1
AR AL T 3%: :
! | : | ! 1
I ! . L
- Lo e R R ; v
Xung Bo diu <J ic | iu
kich khién
tiristor o
hudng

Hinh 1. 3. Mach cip dién cho tai 10 ndu thép cam tng
Cung cép dién cho 10 1a hé thong ngudn xoay chiéu ba pha qua chinh cau ba
pha c6 diéu khién dé tao ngudn mét chiéu cdp tai. Cudn cam Ly dong vai tro kho

nang lugng va loc. Viéc thay d6i cong suét cap vao 1o thong qua viée thay d6i Uy &



phia ddu ra cta bo chinh lwu. Trong hé thdng ndy bao gdm ngudn cip, bd chinh luu
ciu ba pha c6 diéu khién, bo nghich luu cong huong ngudn dong, bo phat xung diéu
khién cong huodng, tai 10 ndu thép cam Gmg va cac mach phu tro. Trong trudng hop
nay ta gia st ngudn cap cho hé théng 1a ngudn 1y twong (sin va can bang). Trong
phan nay ta s& sir dung phan mém Matlab/Simulink dé danh gi4 dong dién hai do
dic tinh cua tai 10 ndu thép gy ra trén ludi.

So dd mo hinh hé thong duoc md phong trén Matlab/Simulink & hinh sau

o

Do luong va hien thi

out_vaa In_ic ¢

out_vi2 In_iL
Bo dkphat xung
dk_v12
5—a |A A [o—s lla—sa (A A lp—sa - ol
| -a |+ _' outl 'e—a [InL1 out_iL

out2 e—=a

Nguon 3 pha Rs - Ls B1 RI-LI CL co dieu khien Bo NLCH nguon dong Lo nau thep cam ung

out_ic —

Hinh 1. 4. M6 hinh hé thong cung cip dién 16 niu thép cdm tmg trén phin mém
Matlab/Simulink
Céc khéi chinh trong hé thong cung cip dién cho 10 ndu thép cam tng bao
gdm cac thanh phan nhu sau:
% Khoi cip ngudn
Hé théng nguén ba pha ba day, c6 tri hi¢u dung U=220V, tan s6 50Hz, cac
pha A, B, C I¢ch pha nhau 120°.

. 253
AL 5
Y EE e

" 2F

u3

O - O

Nguon 3 pha

Hinh 1. 5. Ngudn cung cép ba pha ba day



< Khdi chinh luu c6 diéu khién
Str dung chinh luu cau ba pha diéu khién hoan toan, chirc ning ctia khoi
nay |a bién d6i dién 4p xoay chiéu ba pha thanh dién 4p mdt chiéu cung cip cho
mach ghich luu cong huéng ngudn dong.
Dé diéu khién céc tiristor ta sir dung bo phat xung va bo tao dién ap dong

bo nhu trén mo hinh.

Synchronized [

g
6-Pulse Generator S

] (- N b
9

0

CL co dieu khien

Hinh 1. 6. Khoi chinh luu ¢é diéu khién
% Khoi nghich luu cong huéng ngudn dong
La bo nghich luu cong huéng ngudn dong mot pha, st dung cac van tiristor
cong suat 16n. Mo hinh khdi nghich luu cong hudng ngudn dong duge thé hién trén
hinh 1.7. Uu diém 16n nhat cia NLCH ngudn dong 13 tin dung duoc kha ning qua

tai rat 16n cua cac tiristor.
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2fdk_viz2 I } 1
Outl |a © ©
£~ ~
o+
Out2 |a
ol- Outl
D <>
Bo NLCH nguon dong +
Out2

()
fral

o
v4
£~

@dk_VlZ @dk_v34

;@

Hinh 1. 7. Khéi nghich luu cong hudng ngudn dong

¢ Khoi 10 nau thép cam @ng

Khéi 10 ndu thép cam ung nay 1a khéi 10 ndu thép cam ung song song. Mo

hinh khéi nay dugc thé hién trén hinh 1.8.

InL1

Do+ [T

ofinLl Out_iL
L al+
i
afinL2 out_ic (1)
L
out iL
Lo nau thep cam ung »(2)
out_ic
& (e |
Ic
e

Hinh 1. 8. Khéi 16 nau thép cam tng
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Véi cac tham sd cua 10 trong phan 1.2.2. ta tinh dugc cac thong sb cua cudn diy
cam tng (R; va L) va dién dung C cua tu dién ndi song song v&i cudn day cam trng
[7], nhu sau:

R=71.424mQ; L=88.442pH; C=653.35uF.

Trong sudt qua trinh niu mot meé thép, dién cam cua cudn diy cam tng L,
c6 su thay doi theo chiéu ting dan tir khi bat dau gia nhiét cho dén khi vat liéu dat
nhiét d6 750°C (diém nhiét Curie cta vat liéu sit tir) [7]. Khi d6 dién cam L; bt dau
theo chiu giam cho dén khi dat nhiét d6 vao khoang 1100°C dén 1250°C 1a két thic
mot mé nau. Trong md hinh tai chon L; thay di tir 78.158uH dén 108.4 puH. Do tai
16 ndu thép cam ung 1a ddi tuong phi tuyén kha phirc tap, trong khuon khé cua dé
tai khong di sau nghién ctru toan bo dién bién ctia qua trinh ndu mot mé thép. Pé
don gian, dé tai chi di khao sat mot sé diém hop 1y, dé phan tich dang song phat ra
tir tai 10 dé 1am co sé cho viée diéu khién b loc sau nay.

< Khoi phat xung diéu khién
Khéi phét xung diéu khién cho chirc ning diéu khién céc tiristor trong khoi

nghich luu cong hudng ngudn dong. So d6 khdi dugc thé hién trén hinh 1.9.

<[Out_V34 In_ic K

<Jout_vi2 In_iL

Bo dk phat xung "E g I:I

»(2)

out_v12

A\ 4

> boolean

@
2
E

\4
=
_]

A

out_v34

Relayl

S
A4

Add

Hinh 1. 9. Khéi phat xung diéu khién

bé dicu khién cac van tiristor ta dua dua vao bi€u thirc dong dién tong 1,
ctua dong ic va i nhu sau:
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In=ictipy (1.1)
Trong do:
- icladong dién chay qua tu C
- it la dong dién chay qua cudn day cam tng cua 1o
- i, 12 tong cta hai dong dién ic va i
Thoi dién dong dién i, chay qua diém khong chinh 1a thoi diém phat tin
hiéu diéu khién mo cip van twong tmg, nguyén tic phat xung diéu khién cac tiristor
dugc thé hién & hinh 1.10.
Do dong qua tu C va dong qua tai 10 ¢6 dang gan sin nén c6 thé d& dang do
dugc bang bién dong. Goc nghich luu B c6 thé diéu chinh duge bang viée dicéu

chinh hai vector dong dién ic Va iy

A

1 0 (
Phanphoi | - - - - -

xung t

V1, V2 ¢

V3, V4 I I I ,

Hinh 1. 10. Gian d6 xung kich diéu khién bo nghich luu cong hudng
< Khdi do lwong va hién thi.
Khéi nay do luong va hién thi thong tin vé qué trinh dé phuc vu cho viéc
khao sat va phan tich 15. M6 hinh khdi do ludng va hién thi dugc thé hién trén hinh

1.11.
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A 4

b

: [va >—>
[0 >—>

Dong dien tai diem noi B1 Dong dien va dien ap sau bo chinh luu

\ 4
E

Do luong va hien thi
Vabc_B1 > _;

Dien ap tai diem noi B1 Dong dien va dien ap tai lo

Hinh 1. 11. Khéi do luong va hién thi
Dang séng ciia dién 4p va dong dién tai cac diém do trén so do md
phéng cia 16 nau thép cim ng

bién ap nguon cap cho 10
400

MVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVA ”\X/

//7\

X‘ T T \ Y >< (

/ \ / \ / / \ \
\\ / / \\ \ / / \\ \ / / \‘\‘\ / / \\ \\ / /\

; 7 ] 7 / / ! \

\‘\/ \<, | \‘y / X \ \/ \ \ \/

R VAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAV

\
/N

Us (V)
o

-400
0

0.02 0.04 0.06 0.08 0.1 0.12
Time (s)
Dong dién nguon pha A cap cho 1o
1000
500 m
-500 T 7/ w
-1000
0 0.02 0.04 0.06 0.08 0.1 0.12
Time (s)
bién ap chinh luu
600
N A N\ TaN A\
VOV VY VY VY VY VYV VYV OV VYV VYV VOV Y VY VoV oV
400
e
= 300
o
=)
200
100
0
0 0.02 0.04 0.06 0.08 0.1 0.12

Time (s)
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Dong dién chinh luu
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Hinh 1. 12. Dang song dién 4ap va dong dién tai cac diém do trén so dd6 mo phong 16

cam ung.
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1.3.  Séng hai va anh hwéng ciia séng hai do 10 niu thép cam ung gay ra lIén
lwéi dién
Dua vao hé thong mé phong 10 ndu thép cam tmg & phan trén ta tién hanh
phan tich séng hai va anh hudéng cua song hai do 10 cam ing gay ra 1én ludi dién.

s Xét dién ap nguodn cap cho 1o

400
N —~ p —~ o~ , . o~ —~ —
IVaVaVaVaVaVaVaVaVaVaVaVaVaVaVaVaVaV.
\\ / //x\‘ \\ / /,><\ \\ / /y ‘\\ \ / /\\ \ ,\ /’\ \\ / ’/\‘< \
< / / \ \ Y JARN \ \ / / / /
g 0 \\ /“/ / \\ \ // // \\\ \ // // A \\ / J‘/ \‘\ \‘\ 7 7 \\ \\ / // \\
3 \V/ JARA \\y/ \</ \ \> / \<, \‘“ \<"/ \(/’J \ \\y‘ / \/\/ \ ‘\/ &, \
2001 \ / \ \ / / J
VAVAVAVAV VAVAVA VAV /N YAV
400, 0.02 0.04 0.06 0.08 0.1 0.12
Time (s)

Hinh 1. 13. 6 thi dién 4p ngudn cung cap
Tir d6 thi dién ap trén hinh 1. 13 ching to dién ap ngudn cung cap khong bi
anh huong nhiéu boi tai.

% Dong dién nguodn cap cho tai 10

800

600 s
100 - r//fﬂ\ M Hf W\H /
T\ / \X %

Pz 0 O LN

0

200 > ) \/ ! | | J
N VO O (D DA O (B A

-600 T ] &4W\ijj LWWJ |

-800
0

is (A)

0.01 0.02 0.03 0.04 0.05 0.06
Time (A)

Hinh 1. 14. D6 thi dong dién ngudn cung cip
Qua d6 thi hinh 1. 14 ta nhan thy dong dién cac pha khong con dang hinh
sin n{ta ma bi méo dang di rat nhiéu so véi dang sin chuan do chaa nhiéu thanh
phan song diéu hoa bac cao sinh ra do tinh phi tuyén cua tai 10.
Tiép theo ta phan tich dong trén pha A, tir 46 danh gia cac thanh phan séng
hai bac cao. Viéc phan tich nay s¢ duoc tién hanh tai mot sé diém khac nhau theo su
bién thién cua dién cam L,, dé quan sat sy bién dong cua cac séng hai, cu thé ta s&

tién hanh phan tich tai ba diém L=78.158uH, L=88.442uH va L=108.4uH.
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Phén tich phd dong dién pha A tai cac gi tri L, noi trén cho ta cc két qua

tuong g ¢ cac hinh sau:

L L

500 i
0
-500 b
;
0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08
Time (s)

Fundamental (50Hz) = 761.9 , THD= 15.22%
15 T T T T T T =

Mag (% of Fundamental)

0 5 10 15 20 25 30
Harmonic order

Hinh 1. 15. Pho tin hiéu dong dién pha A g véi Li=78.158uH

500 .
0
-500 1
;
0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08
Time (s)
Fundamental (50Hz) = 748.1 , THD= 15.46%
15 L T T T T T =

Mag (% of Fundamental)

0 5 10 15 20 25 30
Harmonic order

Hinh 1. 16. Phé tin hiéu dong dién pha A ng voi L=88.442uH
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0.02 0.03

0.04
Time (s)

0.05 0.06

Fundamental (50Hz) = 723.8 , THD= 16.06%

Mag (% of Fundamental)

0

3 3

5 10

3 3

15 20

Harmonic order

25 30

Hinh 1. 17. Pho tin hiéu dong dién pha A tng véi L=108.4uH

Bang 1. 2. Ty 1é cac thanh phan song hai trong dong dién ngudn

Bac cua song hai

Ty 1é cac thanh phin séng hai (%)

L=78.158uH L=88.442pH L=108.4pH
DC 0.48 0.44 0.42
Fund 100.00 100.00 100.00
2 0.26 0.31 0.31
3 0.13 0.14 0.09
4 0.10 0.12 0.06
5 13.74 13.90 14.34
6 0.05 0.07 0.04
7 6.33 6.53 6.99
8 0.06 0.05 0.08
9 0.05 0.03 0.11
10 0.07 0.03 0.06
11 0.62 0.68 0.82
12 0.03 0.01 0.02
13 1.04 0.99 0.86
14 0.02 0.03 0.03
15 0.02 0.02 0.04
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16 0.01 0.03 0.03
17 0.83 0.88 0.91
18 0.03 0.03 0.05
19 0.47 0.49 0.62
20 0.01 0.02 0.04

Dbi chiéu voi tiéu chuan IEEE std 519 ta thay tong hé s6 méo dang dong
dién THD cta ba truong hop trén lan luge 1a THD=15.22%, THD=15.46% va
THD=16.06% vuot xa gia tri quy dinh trong bang tiéu chuan 1a hé sé THD phai nho
hon 5%.

Tir bang 1.2 ta thay cac song hai bac 5 va bac 7, chiém ty 1¢ kha 16n. Trong
d6 thanh phan soéng diéu hoa bac 5 chiém ty 16 rat 16n. Can ctr theo tiéu chuan
IEC1000-3-4 ta thdy rang cc thanh phan song hai trong dong dién ludi déu vuot
qua tiéu chuan cho phép duoc quy dinh theo bang tiéu chuin. Do d6 can c6 bién
phap dé dam bao han ché duoc cac thanh phan song hai bac cao trén ludi. Bién phap
dugc str dung 1a bg lgc tich cuc s€ dugc trinh bay trong cac chuong sau. Cling theo
bang 1.2 ta thay, trong ba truong hop bién thién cia dién cam tai, cac thanh phan
song hai cung bac c6 gia tri tvong duwong nhau, cac thanh phan séng hai cliing bac c6
gia tri tuong duong nhau.

Sau day 1a d6 thi thanh phan song hai bac 5 cua dong dién pha A, 1a thanh

phan chiém ty 1é 16n nhat, duoc do trong truong hop gia tri cudn cam L=78.158uH

500

400 o

300

200

i

wl ||

-200

-300 L

-400 e —— ol lod

isA5 (A)

-500
0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1

Time (s)

Hinh 1. 18. D5 thi thanh phan béc 5 ctia dong dién ngudn pha A
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1.4. Két luan chwong 1

Chuong nay luan vin di tim hiéu tong quan vé 10 nau thép cam tng, sau do
tim hiéu chi tiét vé 10 ndu thép cam tmg song song st dung bd nghich luu cong
huong ngudn dong.

Phén tich séng hai va anh hudng cua séng hai do 10 ndu thép cam Gmg giy ra
bing cich mé hinh hoéa, mé phéng 160 ndu thép cam tng st dung phin mém
Matlab/simulink, v&i cac cong cu phan tich phd tin hiéu.

Théng qua viée tim hiéu, mo phong va phén tich ndy, nhan thiy tong d6 méo
dang THD dong dién nguén cta 10 12 rat 16n, vuot xa gia tri tiéu chuan cho phép. Vi
vay, viéc thuc hién loc soéng hai cho 10 1a van dé tat yéu nham dam bao chat luong
dién nang cho ludi dién.

Chuong tiép theo luan vian sé& di tim hiéu chi tiét vé song hai va cac phuong
phap loc song hai, nham hiéu rd hon vé ban chét, nguon gbc va tac hai cia song hai,
cac phuong phap loc song hai. Tir d6 dé xuat phuong phap loc song hai phu hop

cho 16 nau thép cam tng.
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Chuong 2 — SONG HAI VA CAC PHUONG PHAP LQC SONG HAI

2.1.

Téng quan vé séng hai

Song hai 1a truong hop riéng cia song di€u hoa, song di€u hoa co thé coi la

tong cua cac dang song sin ma tan s cua no 1a boi s cua tan s6 co ban, néu bodi s6

1a s6 nguyén thi goi 13 hai (harmonic), boi s6 khac sé nguyén goi 1a hién twong 4m

hai (interharmonic). Hay noi cach khac mét song diéu hoa bat ky 1a tdng cua song

thanh phan co ban va cac thanh phan diéu hoa bac cao hon.
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Hinh 2. 1. Dang séng diéu hoa bat ky
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thanh phﬁn thtr ty thuan, nghich, khong:

Time

Hinh 2. 2. Céc thanh phan cua song diéu hoa

Vi diéu kién van hanh can bang cac song di€u hoa bac cao c6 thé chia thanh

Thanh phan thi ty thuan: cac song diéu hoa bac 4,7, 11...
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- Thanh phan tht ty nghich: cac séng diéu hoa bac 2, 5, 8...
- Thanh phan thtr ty khong: cac song diéu hoa bac 3, 6, 9...

Déi voi diéu kién khong cin bang trong cac pha ching han nhu dién ap hé
thong khong cin bang, tai cac pha khong dbi xing, mdi séng diéu hoa co thé xay ra
mot trong ba thanh phan thir tw noéi trén.

Song diéu hoa bac cao anh hudng truc tiép téi chat luong ludi dién va phai
chu ¥ khi tong song diéu hoa dong dién bac cao cao hon mic d6 cho phép. Séng
diéu hoa dong dién béc cao 1a dong dién c6 tan sd bang boi sé nguyén 1an tan s co
ban. Vi du dong 250(Hz) trén ludi 50(Hz) 1a dong diéu hoa bac 5, dong 250(Hz) 1a
dong khong st dung dugc voi cac thiét bi trén ludi. Vi vy no sé chuyén sang dang
nhiét ning va gay toén hao.

St dung chudi Fourier véi chu ky T(s), tan sé co ban £=1:T (Hz) hay o=2nf
(rad/s) c6 thé biéu dién mot soéng diéu hoa véi biéu thirc nhu sau:

f(ot)= a?o +i E sin(not+¥,) (2.1)
=1

Trong do:

a
— ?: la gia tri trung binh
— F,: Bién dd cua song diéu hoa bac n trong chudi Fourier
—  Fsin(not+¥,): 1a thanh phan séng co ban
—  Fsin(not+¥,): 1a thanh phan song diéu hoa bac n
— ¥,: gbc pha cta song diéu hoa bac n
Ta c6 thé viét nhu sau:

F sin(not+¥, )=F, (sinnot.cos¥, +cosnwt.sin'P ) (2.2)

Ta quy udc nhu sau:

F.cosy, = a, va Fasiny, = by,
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b4

n

Hinh 2. 3. Phan tich F, thanh an va b,

Khi do ta c6 thé viét nhu sau:

f(ot)= a—2° +i ancos(n(nt)+i b sin(nowt) (2.3)
n=1 n=1
Hay:
f(@t)=ﬂ+i(ancos(@)+bnsin(@)j 2.4)
2 = T T

Fundamental (60Hz) = 311.4 , THD= 24.90%
! ! ! ! ! ! ! ! !

=
(92}

Mag (% of Fundamental)
» S

0 2 4 6 8 10 12 14 16
Harmonic order

Hinh 2. 4. Phd cia mot song diéu hoa

Mot tham sé quan trong dé danh gia song diéu hoa 13 hé sé méo dang (Total

Harmonic Distortion)

THD= Y=L 2.5
X (2.5)
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Trong do:
—  Xj: 12 thanh phan co ban
— X, 12 bién d6 thanh phan diéu hoa bac n
Tir cong thire (2.5) ta ¢6 thé danh gia d6 méo dong dién va dién ap qua hé sd
méo dang dong dién va hé sé méo dang dién ap.
o Hé sd méo dang dong dién:

o0

2.1,
THD= = — (2.6)

1
Trong do:
— l1: 1a bién d6 dong dién co ban
— |,: 12 bién do thanh phan diéu hoa bac n
o Heé s6 méo dang dién ap:

U

THD= 1 2.7
U (2.7)

Trong do:
— Uj;: 1a bién d6 dong dién co ban
— U,: 12 bién d6 thanh phan diéu hoa bic n
2.2.  Nguyén nhéan gay ra song hai
Céc ngudn sinh song diéu hoa trong cong nghiép duogc tao ra boi tat ca cac
tai phi tuyén. Cac phan tir phi tuyén dién hinh 13 15i thép ctia MBA, dong co (dic
tinh bdo hoa ctia vat liéu sat tir), cac dung cu ban din cong sudt nhu thyristor, diode
clia cac bo bién ddi (chinh luu, nghich luu, didu 4p xoay chibu...), cac dén dién ti,
nguén han, cac hé truyén dong dién, 10 ho quang dién, 10 nau thép cam ung, 10 t6i
cao tan... Dudi ddy 1a mot s6 ngudn tao song didu hoa phd bién trong cong nghiép:
< May bién ap:
Hi¢n tuong bao hoa mach tir cia MBA luc c6 thé sinh ra song diéu hoa bac

cao. Khi bién do dién ap va tir thong di 16n dé roi vao ving khong tuyén tinh trong
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duong cong B-H s& din dén dong dién tir bi méo va c6 chira cac song didu hoa bac
cao. Cac MBA ciing sinh ra song diéu hoa khi van hanh & dién 4p cao hon dién ap
dinh murc.

s Dong co:

Tuong ty MBA, dong co xoay chiéu khi hoat dong sinh ra song diéu hoa
dong dién bac cao. Cac song diéu hoa bac cao duoc phat sinh boi may dién quay
lién quan chu yéu t6i cac bién thién cua tir tré gy ra boi cac khe ho giita roto va
stato. Cac may dién ddng bo c6 thé san sinh ra song diéu hoa bic cao boi vi dang tir
truong, su bdo hoa trong cac mach chinh, cac dudng ro va do cac diy quin dung dé
giam dao dong dat khong doi xung.

¢ Cac dén huynh quang:
Ngay nay cac dén huynh quang duogc sir dung rong rii do c6 wu diém 1a tiét kiém
dugc chi phi. Thuc té thi loai dén nay khong hon gi vé hiéu qua tao anh sang véi
dén day d6t, diém noi troi hon cua no 1a do sang duge duy tri trong thoi gian dai,
tudi tho 16n hon. Tuy nhién séng diéu hoa bac cao sinh ra boi dén huynh quang
cling rét 16n.

% Cic thiét bi ho quang:

Céc thiét bj thuong gip trong hé thong dién 1a cac 10 hd quang cong nghiép,
cac may han... Theo thong ké thi dién ap 10 hd quang cho thdy song diéu hoa bac
cao dau ra bién thién rat 16n vi du nhu séng diéu hoa bac 5 1a 8% khi bat dau nong
chay, 6% & cudi gian doan ndng chay va 2% cua giai doan co ban trong sudt thoi
gian tinh luyén.

% Thiét bi dién tir cong suat:

Ban than cac bo bién ddi dién tir cong suat (chinh luu, nghich luu, diéu ap
xoay chiéu...) déu duoc cau thanh tir cac thiét bi ban din nhu diode, thyristor,
MOSFET, IGBT, GTO... la nhitng phan tir phi tuyén 1a ngudn gbc giy song diéu
hoa bac cao.

Tuy thudc vao ciu triic cua cac b bién doi ma song diéu hoa sinh ra khac

nhau. Cac mach chinh Iuu trong bién tan thuong 1a chinh luu cau ba pha c¢6 vu diém
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1a don gian, ré, chic chin nhung thanh phan ddu vao chira nhiéu séng diéu hoa. Do
d6 dé giam bt song didu hoa co thé dung hai mach chinh Iuu cau ba pha ghép lai
v6i nhau tao thanh chinh luu 12 xung hodc ghép 4 bo chinh luu ciu ba pha vao tao
thanh bd chinh luu 24 xung sé& cho ra dong dién tron hon, giam duoc cac thanh phan
diéu hoa. Tir d6 c6 thé thiy 1a khi mudn giam séng didu hoa dong dién ta c6 thé
ting sd van trong mach chinh luu 1én. Tuy nhién khi d6 gdy ra mot sd bat loi nhu
cong kénh, ning, diéu khién phirc tap, ton thit cong suit va sinh ra séng diéu hoa
dong dién béc cao khi tai khong ddi xiang hodc dién ap khong dbi ximg.

Ta xét dang séng diéu hoa gay ra bai mot sb bo bién doi cong suat:

O Chinh hru ciu mdt pha (tii c6 tinh cam)
So d6 mach chinh luu cdu mot pha khong diéu khién duoc md phong trén

phan mém matlab/simulink nhu hinh sau:

?ﬂvz

®
i

-
K
|

Hinh 2. 5. So d6 chinh luu cau mot pha khong diéu khién

Dong dién trén dudng day cap ngudn cho bo chinh luu:

30

20

10

is (A)
o

-10

-20

-30
0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1
Time (s)
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Hinh 2. 6. Dang séng dong dién ngudn cip cho bd chinh lru

N
al

Fundamental (50Hz) = 21.27 , THD=37.47%

L L L L L L L

5
c 20
()
£
15}
215
>
LL
5
$ 10
=
©
= 5
0
0 2 4 6 8 10 12 14 16 18 20
Harmonic order
Hinh 2. 7. Pho dong dién chinh luu cau mét pha
U Chinh lwu cau ba pha khong dieu khién (tai c6 tinh cam)

I
=

= | :
@VZ @v4

Nguon 3 pha

5
I — 1 Ré
.

! !

Hinh 2. 8. So dd chinh luu ciu ba pha khong diéu khién
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Dang so6ng dong dién trén pha A cia ngudn cap cho chinh luu

50
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Hinh 2. 9. Dong dién lu6i gay bai bd chinh luu cau ba pha khong diéu khién

Fundamental (50Hz) = 36.07 , THD= 35.01%
0 0 ¥ 0 0 0 ¥ 0 0 0

Mag (% of Fundamental)

0 2 4 6 8 10 12 14 16 18 20
Harmonic order

Hinh 2. 10. Pho dong dién chinh luu cau ba pha khong diéu khién

Ta thdy dong dién dau vao bd chinh luu ciu ba pha khong diéu khién c6 do
méo rat 1on THD=35,01 %. Céc thanh phan song diéu hoa nay 1a do tinh phi tuyén
ctia bo chinh luu cau gy ra. Trong d6 cac thanh phan séng diéu hoa bac 5, 7, 11, 13
1a chu yéu.

QO Chinh lru ciu 3 pha c6 diéu khién (tai cé tinh cim)

So d6 mach chinh luu ba pha c6 diéu khién dugc md phong trén phan mém
matlab/simulink nhu hinh 1.12. So d6 str dung bo ngudn xoay chiéu ba pha, c6 hiéu
dién thé hiéu dung 220V, cac goc 1éch pha nhau 120°. Khéi chinh lwu c6 diéu khién

st dung cdc tiristor coOng suat.
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Synchronized
6-Pulse Generator

Alpha

Nguon 3 pha

isA (A)

Hinh 2. 11. So d6 chinh luu cau ba pha c6 diéu khién

o Trwong hop goc diéu khién alpha bing 30°
Dong dién luéi gy bai bo chinh luu cau 3 pha c6 didu khién 30°

50

NI A A A

Y ¥ U \ ¥

V | / / Y

-50
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Hinh 2. 12. Dong dién bo chinh luu cu ba pha Gmg véi goc didu khién 30°

Fundamental (50Hz) = 40.25 , THD= 34.42%
T T T T T
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Hinh 2. 13. Phé dong dién chinh luu ciu 3 pha c6 diéu khién 30°
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o Trwong hop goc diéu khién alpha bang 9¢0°
Dong dién ludi gay boi bo chinh luu cdu 3 pha c6 diéu khién 90°
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Hinh 2. 14. Dong dién bo chinh luvu cu ba pha Gmg véi goc didu khién 90°

Fundamental (50Hz) = 5.995 , THD= 122.52%
[ [ [ [ [ L L L [

B [o2] [or]
o (=} o

Mag (% of Fundamental)

N
o

Harmonic order

Hinh 2. 15. Phé dong dién chinh luu ciu 3 pha c6 diéu khién 90°

Tir két qua o trén v6i chinh Iuu cau ba pha c¢6 diéu khién ta thdy khi thay d6i
goc diéu khién thi d6 méo dong dién ciing ting lén rat 1on THD=122.52% trong
truong hop goc diéu khién 1a 90° so v6i khi goc diéu khién 30° c6 THD=34,42% .

Nhu vay khi cang ting goc diéu khién thi cac thanh phan song diéu hoa bac
cao sinh ra cang 16n 1am do méo dong di¢n cang tang.

2.3.  Anh huéng ciia soéng hai

Su ton tai song diéu hoa bac cao gdy anh huodng téi tat ca cac thiét bi va

duong day truyén tai dién. Chung giy ra qua ap, méo dién ap luéi 1am giam chat

luong dién ning. No6i chung ching giy ra tang nhiét do trong cac thiét bi va anh
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huong t6i cach dién, lam ting ton hao dién ning, 1am giam tudi tho cua thiét bi,

trong nhiéu trudng hop tham chi con gay hong thiét bi.

Anh huéng quan trong nhit cta séng diéu hoa bac cao dé 1a viéc lam ting

gia tri hiéu dung ciing nhu gi tri dinh cua dong dién va dién ap, co thé thdy 16 qua

cong thirc sau:

1 T 2 g2 2 112112
Upus = (| | u®”dt = > U2 = JUZ+UZ+U+...
T 0 n=0
i(t)2dt = /Zlﬁ = [+l
n=0

Khi gia tri hi€u dung va gia tri bi€n dg cua tin hi¢u dong di¢n hay dién ap

tdng do song diéu hoa bac cao s€ gay ra mot s6 van de:

Lam ting phat nong cia day dan dién, thiét bi dién.

Gay anh huong dén do bén cach dién cua vat liéu, 1am giam kha ning mang
tai cua day dan dién.

Véi MBA: Céc song diéu hoa bac cao gy ra ton that dong, ton that tir thong
tan va ton that sat 1am tang nhiét 46 MBA do d6 l1am ting ton that dién nang.
Pong co dién: Ton hao trén cudn day va 1i thép dong co ting, lam méo dang
momen, giam hiu sut may, gdy tiéng 6n, cac song diéu hoa bac cao con co
thé sinh ra momen xoan truc dong co hodc giy ra dao dong cong hudng co
khi [am hdéng cac bd phan co khi trong dong co.

Gay anh huong dén hoat dong ctia cac thiét bi bao vé (tac dong sai): cac song
diéu hoa bac cao c¢6 thé 1am momen tac dong ciia role bién dang giy ra hién
tuong nhay, tac dong nguoc, cod thé 1am méo dang dién ap, dong dién dan
dén thoi diém tac dong cua role sai léch, gay canh bio nhim cua cac UPS.
Véi cac thiét bi do: anh hudng dén sai s6 cua cac thiét bi do, lam cho két qua
do bi sai léch.

Véi tu dién: 1am cho tu bi qua nhiét va trong nhiéu truong hop co thé dan toi

pha hay chat dién moi.
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— Céc song diéu hoa bac cao con lam céc thiét b su dung di¢n va den chiéu
sang bi chap chon anh huong dén con ngudi.

— Gay anh huodng t6i cac thiét bi vién thong: cac song diéu hoa bac cao co thé
gdy séng dién tir lan truyén trong khéng gian 1am anh hudng dén thiét b thu
phat séng.

2.4. MOt so tiéu chuan giéi han thanh phan séng hai trén luéi

Véi nhitng tac hai to 16n di duoc dé cap ¢ phan trén, viéc quy dinh mot tiéu
chuén thong nhét vé cac thanh phan séng hai bic cao trén ludi can duoc dua ra dé
han ché anh hudng cua chung t6i cac thiét bi tiéu dung dién khac va dam bao chét
lugng dién ndng cho ludi dign.

O nuéc ta hién chua c6 tiéu chuan ndo vé viéc han ché thanh phan song hai
trén ludi. Tuy nhién véi su phat trién manh mé vé cong nghiép ¢ nude ta hién nay,
viéc xay dung va ap dung céc tiéu chuan gidi han song hai trén ludi dién 1a van dé
tat yéu trong thoi gian t6i day.

Trén thé gii da xay dung va ap dung mot so tidu chuan nhu tiéu chuan IEEE
std 519, IEC 1000-4-3 dé gidi han cac thanh phan song hai trén ludi dién.

Sau day s& gi6i thiéu mot sd tiéu chuan trén thé giéi vé gidi han cac thanh
phan song hai trén ludi dién ma Viét Nam duoc phép 4p dung.

2.4.1. Tiéu chuin IEEE std 519

% Tiéu chuan IEEE std 519 gidi han nhiéu dién ap trén ludi dién (IEEE std
519, Recommend Practices for Ultilities)

Tiéu chuan dugc trinh bay ¢ bang sau:

Bang 2. 1. Gi6i han nhiéu dién ap theo tiéu chuan IEEE std 519

Pi¢n 4p tai diém ndi chung | Nhiu di¢n ap ting loai | Nhiéu di¢n ap tong cong
(Point Common Couping) | song dieu hoa (%)=Un/U, | cac loai song hai THD (%)

69KV va thap hon 3,0 5,0

Trén 69kV t6i 161kV 1,5 2,5

Trén 161kV 1,0 1,5
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% Tiéu chuan IEEE std 519 gi6i han nhidu dong dién trén luéi dién (IEEE std
519, Recommend Practices for Individual Comsumer)
Tiéu chudn nay gii han nhidu dong dién cho hé théng phan phdi chung quy
dinh cho cép dién ap tir 120V téi 69K V. Tiéu chuan duoc trinh bay trong bang sau.
Bang 2. 2. Gidi han nhiéu dong dién theo tiéu chuan IEEE std 519

Nhiéu dong dién tdi da (% ciia Itai) (Maximum Harmonic Current Distortion)

T(%ééRiﬁig/TZc)h h<1l | 11<h<17 | 17<h<23 |23<h<35| h<35 | THD
Dudi 20 4,0 2,0 15 6,0 0,3 50
20 to61 50 7,0 3,5 2,5 1,0 0,5 8,0
50 to1 100 10,0 4,5 4,0 15 0,7 12,0
100 t&1 1000 12,0 55 50 2,0 1,0 15,0
Trén 1000 15,0 7,0 6,0 2,5 14 20,0

Hai bdc chan dwoc gioi han toi 25% cua gioi han bac leé o trén

h: bdc cia séng diéu hoa

2.4.2. Tiéu chuin IEC 1000-3-4
Bang sau trinh bay tiéu chuan IEC 1000-3-4, quy pham tiéu chuan c6 tinh bat
budc cho thiét bi trén 75A dong dau vao mdi pha

Bang 2. 3. Tiéu chuan IEC 1000-3-4

Bac song Dong diéu hoa cé thé Bac song Dong diéu hoa cé thé
dieu hoa (n) | chap nhin dwoc I/l; (%) | diéu hoa (n) | chap nhan dwecl,/I, (%)
3 19 19 1,1
5 9,5 21 <0,6
7 6,5 23 0,9
9 3,8 25 0,8
11 3,1 27 <0,6
13 2,0 29 0,7
15 0,7 31 0,7
17 1,2 >33 <0,6

S6ng hai bdc chan: < 4/n hodc < 0,6
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2.5. Cac phwong phap loc séng hai

Pé nang cao chit luong dién ning thi viéc ap dung cac tiéu chuan gii han
song hai 1a van dé tat yéu, nhung 1am thé nao dé chung ta dua séng hai nim trong
gi61 han cho phép d6? Do chinh la viéc phai st dung cac b loc song hai. Bo loc 1a
thiét bi tao ra dic tuyén tan s6 dinh truéc ma chirc nang cua no la cho mat s6 tan sb
di qua nhit dinh ddng thoi loai bo nhing tan sé khac.

Céc bo loc song hai dugce stir dung phé bién hién nay la:

— B0 loc thu dong (Passive Filter).

— B0 loc chu dong (Active Filter).

— B0 loc hon hop ca chi dong va thy dong.
2.5.1. B¢ loc thu dong

Bao gém cac phén to R, L, C duoc ghép ndi véi nhau va duoc lua chon cho
mot tan s6 loc xac dinh. Nguyén ly lam viéc cua b0 loc loai nay la ngén mach d6i
v6i song diéu hoa can loc dé song diéu hoa d6 chay ra khoi hé thong.

Trong so dd loc ba pha co hai loai bo loc 1a bd loc RC va bd loc LC. Trong
ca hai loai bd loc nay déu c6 tu dién, tu dién co thé mac hinh tam giac hodc hinh
sao. Khi méc tu dién hinh tam giac co uu diém 1a tiét kiém dung luong tu, song
khong loai trir dugc hét song diéu hoa dién ap day. Bo tu ddu hinh sao c¢6 dung
luong tu tang 1én 3 1an nhung loai duoc song diéu hoa ca dién ap day va dién ap pha
va dic biét khi tu ddu sao co trung tinh thi c6 thé loai ludn ca dién ap thtr tu khong
sinh ra boi su chuyén mach van ban dan. Céc loai loc dugc sir dung phé bién nhu:

 Bjloc RC

Cu tric bo loc RC dugce thé hién nhu hinh 2.17

O Uudiém

— B0 loc RC 1a loai b loc don gian nhat, gia thanh ré.

—  Véan hanh 4n dinh.

O Nhuoc diém

— C6 ton hao trén dién trd, ton hao nay cang 16n khi cong suat 16n.

— Kha ndng chon lgc tan s kém.



34

Input ._: PY e Output
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Hinh 2. 16. B loc RC

« B0 loc RC

Céu tric bo loc LC dugc thé hién nhu hinh sau

Input ._fm P o Output

T

Hinh 2. 17. B6 loc LC

% Uu diém: B6 loc LC ¢6 kha nang loc t6t nhat, c6 kha nang loc dugc nhiéu
tan s theo y mudn.

% Nhuoc diém:

— Gi4 thanh dat va sy van hanh ciia mach kém tin cay hon bd loc RC do trong
mach c6 cudn cam.

— Gay nhiéu cho cac thiét bi thdng tin do sy phét sinh song dién tir tir cuén cam
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— €06 thé xuat hién hién twong cong hudéng 1am ting dong va ap dan dén hong
thiét bi.

Khi ¢ dau thdp ciia dai ém tan cdc tri so dién cam ting khi tan sé can thiét
loc giam gdy mot sé van dé nhu:

— Do cudn cam la thiét bi co6 tén hao bén trong ban than né va tdn hao do lai
— tang rd rét khi can dién cam rat 1on cho tan sé thap. Do hao nay lam suy
giam dang ké hé s6 pham chét ddi véi mdi cudn diy va dic tuyén loc bi léch

di nhiéu so véi dang can thiét.

— Khi dién cam cudn day 16n thi lam tang kich thuéc cua chung din dén lam
tang kich thudc bo loc ddng thoi 1am ting gia thanh bo loc.
2.5.2. B¢ loc chu dong

Dua trén nén tang la cac bd bién ddi dién tir cong suat 1on do d6 b loc tich

cuc c6 nguyeén ly lam viéc khac b loc thy dong cling nhu co nhiéu wu diém
va tinh nang hon.

Mic du c6 nhiéu phuong phap khir va han ché song diéu hoa bic cao nhu
ding bo loc thu dong, sir dung may bién ap dau A/Y... Nhung phuong phép sir
dung bo loc tich cuc 1a phuong phap hién dai ngay cang chiém uvu thé, rit mém déo
trong c4u hinh phan ctng 1an phan mém dé xtr 1y pht hop véi nhiing loai tai va cac
diéu kién dién ap ngudn cung cap khac nhau.

¢ Vai tro caa bg lgc tich cue
O Bu song diéu hoa dién ap

Bu dién 4p thuong khong dugc cha y nhiéu trong hé thdng dién vi dién ap
tiéu thy tai diém dau day chung thuong duy tri trong pham vi gi6i han co ban d6i
v6i cac su cb ting hodc giam ap. VAn dé bu dién 4p chi duoc xem xét dén khi tai
nhay véi sy xuat hién song diéu hoa dién 4p bac cao trong ludi ngudn nhu céc thiét
bi bao vé hé thong dién.

O Bu song diéu hoa dong dién
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Bu séng diéu hoa dong dién c¢6 ¥ nghia quan trong ddi véi cac tai ¢ cong
suat vira va nho. Viéc giam thanh phan séng diéu hoa dong dién trong ludi con co
tac dung giam do méo dang dién 4p tai diém dau ddy chung.

O Bu cong suit

Bo loc tich cuc ngoai chirc ning loc ¢6 thé thém chirc ning bu coéng suit
phan khang, tuy nhién khi thém chtrc ning bu cong suit phan khang thi mach diéu
khién s& rat phtic tap, bi han ché vé cong suit. Do d6 thudng két hop chic ning bu
cong suét phan khang va loc song diéu hoa & dai cong sudt nho, ¢ dai cong suat 16n
thi ¢6 thé bu bang SVC (Static Var Compensators) dong ngit bang thyristor, tuy né
dap g cham nhung gid thanh ré .

¢ Phan loai b loc tich cuc

C6 nhiéu cach phan loai dua theo cac ti€u chi khac nhau chéng han nhu dua
vao bo bién doi cong suit dugc sir dung, dua theo so dd két nbi bod loc, dua theo
ngudn cép...

O Phén loai theo bo bién d6i cong suat:

Cian ¢t vao bd bién dbi cong suét trong b0 loc ta co6 hai loai bd loc tich cuc:
cAu tric bo bién d6i ngudn ap VSI (Voltage Source Inverter) va bo bién d6i ngudn
dong CSI (Curent Source Inverter).

e CAu trac bd loc tich cuc VSI

w2
p—

S3 S5
. — & K & K

2% . C —

2y %(} 4{}

Hinh 2. 18. CAu hinh VSI
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bac diém cua cau truc VSI 14 ¢6 thé md rong ra cau tric da bac

e CAu trc bd loc tich cuc CSI

Tl T3 TS5

c— 4 L A AT A T

Hinh 2. 19. C4u hinh CSI
Pic diém cua bo loc CSI 1a ¢6 tan sd dong cit han ché, ton hao dong cit 16m,
khong thé mé rong ra ciu triic da bac
O Phan loai theo so dd:
Phan loai theo so dd ta co bo loc tich cuc song song AF, bd loc tich cuc ndi
tiép AFs va bd loc tich cuc théng nhat UPQC
e B0 loc tich cuc song song (Shunt Active Filter — AF)

Tai
tuyén

Nguén

~~
~—
~—
 J
~~
~—
~—

Vi AF

~—
~—
~—

_|

Hinh 2. 20. B4 loc tich cuc song song AF

bac diém cua bo loc tich cuc song song 1a bu séng hai dong dién, bu cong

suit phan khang, bu dong dién khong can bang.
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e BO loc tich cuc ndi tiép (Series Active Filter — Afs)

& Tai
MU H /IKJUU H P hi
Y YN

tuyén

AFs

/ / / _|

Hinh 2. 21. B6 loc tich cuc ndi tiép AFs

Pic diém cua bo loc tich cuc ndi tiép la bu soéng hai dién ap bac cao, diéu

chinh va can bang dién ap tai diém bét ndi.
e B0 loc tich cuc théng nhét (Unified Power Quality Conditioner — UPQC)

La su két hop cua bd loc tich cuc ndi tiép AFs va bo loc tich cuc song song.
Trong UPQC, bd loc tich cuc nbi tiép AFs c6 chirc ning cach ly song diéu hoa giita
tai va nguén, diéu chinh dién ap, giam dao dong, gilr dién ap can béng. Con bo loc
tich cuc song song AF c6 chirc ndng lgc song diéu hoa, triét tiéu thanh phén th tu
am. Tuy nhién gia thanh dat va diéu khién phuc tap.

So dd bo loc tich cuc théng nhat nhu hinh vé& sau

< Tai
i} * phi
YN tuyén

AFs AF

— & 7 |

Hinh 2. 22. B6 loc tich cuc théng nhat UPQC
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O Phan loai theo ngudn cip
Cin ctr vao ngudn cung cép cho tai ma bo loc tich cue ddu vao ma ngudi ta
chiara:
e B0 loc tich cuc hai ddy: dung cho tai phi tuyén mot pha.

e B0 loc tich cuc ba day: dung cho tai phi tuyén ba pha khong c6 trung tinh.

[ . .
o = ~ N Tai phi
i tuyén
® _’_ YY1 khéng
I doi
—> Y Y |
* 11T xing
*Ir,a ¢ch *ICC

3 33 )l T

cd ——

/82 /84 S6
| | |

Hinh 2. 23. B6 loc tich cuc ba day

e B loc tich cuc bon day:

B0 loc tich cuc bén day co thé dung cho tai phi tuyén mot pha cAp ngudn tir
hé théng ngudn cip bon ddy (c6 thém day trung tinh) hodc dung cho tai phi tuyén ba
pha cé day trung tinh. Trong hé nay bd loc s€ loai bo sy qua dong ¢ day trung tinh.

Trong bg loc tich cuc loai nay, co thé chia ra bo loc tich cuc bon day co diém
gitra va by loc tich cuc bon day. Céu trac bd loc tich cuc bdn day cé diém gitra
thudng duoc st dung phd bién hon do né yéu cu s van ban dan it hon, tuy nhién
ciu trac diéu khién s& phirc tap hon va yéu cau tu c6 dung luong 16n, dic biét van
dé cam bang dién 4p trén tu can phai duoc quan tim. Trong khi d6 cdu trac bdn day
thi diéu khién don gian hon, dung luong tu yéu cau thap hon nhung cin s van

chuyén mach 16n hon.
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sa iLa
Ua@ YN o~ — Y'Y\ Tai phi
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N | Ub >~ L5 R tuyen
™ ? : khong
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Hinh 2. 24. B6 loc tich cuc bon diy c6 diém gitra
isa ILa A1 5
Ua /™y = v . —> N Tai phi
N | Ub i, i, tuyén
Uc 7\ TSN , 1y Y doi
</ . xung
T: *icn *ica *icb *icc
§ § % »)31 »)33 285 Jsa
g Ccd_:
®
/S2 J/s4 J/s6 J/s8

Hinh 2. 25. B6 loc tich cuc bén day

2.5.3. B loc hén hop
Thuc chit 1a su két hop cua bo loc thy dong va bd loc tich cuc. Muc dich la

giam chi phi dau tu ban dau va cai thién hiéu qua cua bd loc thu dong. B loc thu
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dong s€ loc nhitng song diéu hoa ma bo loc tich cuc khong loc duogc hoac loc mot
cach kho khan. Chinh vi thé thong sb chi tiéu cua bo loc thy dong s& khong can qué
cao qua dé gidm duogc chi phi.

So dd cau trac bd loc hdn hop nhu hinh 1.28a va hinh 1.28b.

VE
«— oo
Tai1 phi
M\ 1y A * 1] tuygn
Ngudn
. AFs 5 % ' Loc
. i thu
. | {dong
— & Tk

VE
M\ 1y . 1] Ta1 Ighl
tuyen
Ngudn
: AF | : Loc
|  thy
. | idong
—] it T i LC

b) B6 loc tich cuc AF két hop véi bd loc thu dong LC

Hinh 2. 26. Bo loc hén hop

Ngoai ra khi két hop AF va AFs ta duoc b UPQC (Unified Power Quality
Conditioner) goi 1a b loc tich tich cuc théng nhat, két hop dugc ca tinh ning cua
AF va AFs nhu di trinh bay ¢ phan trén.
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2.5.4. Chirc nang va nguyén ly lam viéc ciia bo loc tich cuc
Trong phan ndy ta s& tim hiéu nguyén 1y lam viéc cta bd loc tich cuc loai
song song AF va bo loc tich cuc loai ndi tiép AFs.

¢ B0 loc tich cuc song song AF
Chtrc ning cua AF 1a triét tiéu cac song diéu hoa dong dién bac cao sinh boi

tai phi tuyén anh hudng 1én dudng day, tra lai cho dong dién trén dudng day hinh
sin chuan. Ngoai ra AF con c6 thé bu cong sudt phan khang tai diém két ndi giita
AF va luéi dién. Viéc xac dinh vi tri ddt bd loc can phai dugc tinh todn theo mdt s6
nguyén tic nhu:

— Giam thiéu tdi da thoi gian truyén, khoang cach lan truyén cua song diéu hoa
trén duong day. Diéu nay duoc thuc hién bﬁng viéc dit thiét bi loc gﬁn nguff)n
sinh song diéu hoa.

— Dit thiét bi loc gitra nguén véi cac thiét bi nhay cam vdi song diéu hoa dé
han ché anh huong cta song diéu hoa t6i thiét bi.

—  Pé thuc hién chuc nang nay bd loc AF hoat dong nhu mot bo nguff)n ba pha
tao ra dong dién thich hgp bom 1én duong day. Dong dién nay s¢€ triét tiéu
céc song diéu hoa bac cao sinh ra boi tai phi tuyén 1a thanh phan nguoc pha
v6i tong song diéu hoa dong dién béc cao.

— Thanh phan bu cong suat phan khang

So d6 sau thé hién nguyén 1y lam viéc ctia bo loc tich tich cuc song song AF

Ls =1 I, =1+
fH—Y " — ¢ —" i
%Tlc: Ih
(O) Nauin (1)
Iy
AF | — «—

Hinh 2. 27. So d6 thé hién nguyén 1y 1am viéc ctia AF
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Ta c6 thé phan tich thanh phan dong tai hanh hai thanh phan, d6 13 thanh
phan co ban ir va thanh phan song hai iy

L =i+ iy

Dong do AF bom lén duong day:

ic =i

Khi d6 dong trén duong day sé la:

Is=i -Ih=lg+ip-ih =1

Nhu vdy dong trén dudng day chi chira thanh phan co ban, cac thanh phan
song hai bac cao dugc bo loc loai bo. Néu nhin tir phia tai bo loc AF tuwong duong
v6i mot tré khang song song ¢ thé thay d6i vai trd khang bang khong, hodc rat nho
so voi cac song diéu hoa va bang vo cing 16n véi thanh phan co ban.

% B0 loc tich cyuc ndi tiép AFs

Chtrc nang ctia bo loc tich cuc ndi tiép AFs 1a triét tiéu thanh phan song diéu

hoa dién ap bac cao sinh boi tai phi tuyén dé dién ap co dang sinh chuén.

Ngoai ra n6 con c¢é chirc nang diéu chinh va can bang dién ap.

Pé thuc hién chirc ning nay AFs tao ra su cach ly vé song diéu hoa bac cao
gitra tai va ludi thong qua viéc tao mot dién ap tuong tng doc duong day phia thu
cAp may bién ap két ndi.

So do sau thé hién nguyén ly 1am viéc cua bd loc tich cuc ndi ti€p

Ls Uc=U,
— i
AN 17
Y Y
A
U =U;
AFs l
U,

T

Hinh 2. 28. Cau tric bo loc ndi tiép AFs
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Ta c6 thé phan tich dién 4p ngudn thanh hai thanh phan 1a: thanh phan co ban
Ug va thanh phan soéng hai Uy,

Us = Ue + Uy

Dién ap doc dudng day do AFs tao ra nguoc pha so voi tong song diéu hoa
dién &p bac cao va triét tiéu thanh phén bac cao nay dam bao dién &p c6 dang sin.
Nhin tir phia tai AFs tao ra mot téng tré duong diy, tong tré nay bang khong dbi
v6i séng co ban va bang vo cing 16n véi cac thanh phan séng diéu hoa bac cao do
d6 gitra ngudn va tai c¢6 sy cach ly séng didu hoa.
2.6. Kétluan chwong 2

Trong chuong nay dé tai di tim hiéu vé tong quan vé séng hai, nguyén nhan,
tac hai va cac tiéu chuan gi6i han song hai qudc té ma Viét Nam duoc ap dung.

Pé tai di phan tich chi tiét song hai ciia mot s6 bo bién ddi dién tir cong suat
gay ra cho ludi dién, tor d6 danh gid dugc mic d¢ anh hudng ctua ching 1én ludi

dién.



45

Chwong 3 - PHUONG PHAP PIEU KHIEN SU DUNG HE MO NORON
3.1. Swkét hop giira logic m& va mang noron
3.1.1. Khadi niém
Khi khao sat mang noron va 16gic mo, ta théy mdi loai déu c6 diém manh,
diém yéu riéng cta no.

Dbi voi logic mo, ta d& dang thiét ké mot hé théng mong mudn chi bang cac
luat Néu - thi (If-Then) gan véi viée xtr Iy ctia con nguoi. Véi da sb ing dung thi diéu
nay cho phép tao ra 1oi giai don gian hon, trong khoang thdi gian ngin hon. Thém
nita, ta d& dang st dung nhimng hiéu biét ctia minh vé d6i tuong dé toi wu hé thong
mot cach truc tiép.

Tuy nhién, di d6i voi cac vu diém hé diéu khién mo con ton tai mot s6
khuyét nhu viéc thiét ké va t6i wu hoa hé logic md doi hoi phai c6 mot sé kinh
nghiém vé diéu khién dbi tuong, dbi v6i nhitng ngudi mai thiét ké lan dau
diéu d6 hoan toan khong don gian. Mit khac con hang loat nhitng cdu hoi
khac dit ra cho nguoi thiét ké ma néu chi dung lai ¢ tu duy logic mo thi hau
nhu chua c6 101 giai, vi du: SO tdp md trong mdi bién ngdn ngit can chon bao
nhiéu 13 t6i wu? Hinh dang cic tip mo thé nao? Vi tri mdi tip mo & dau? Viéc
két hop cac tdp mo nhu thé nao? Trong sd cua mdi luat diéu khién bang bao
nhiéu? Néu nhu tri thirc can dwa vao hé duoc thé hién dudi dang cac tap dir
liéu (diéu nay thuong gip khi thu thap va xir Iy dir liéu dé nhan dang dbi

tuong) thi lam thé nao?...

Dbi v6i mang noron, chung c6 mot sé wu diém nhu xir 1y song song nén tdc
do xu ly rat nhanh; Mang noron c6 kha ndng hoc hoi; Ta cé thé huin luyén mang
dé xap xi mot ham phi tuyén bat ky, dic biét khi da biét mot tap dir liéu vao/ra... Song
nhuoc diém co ban ciia mang noron 1a khé giai thich rd rang hoat dong cia mang

noron nhu thé ndo. Do vay viéc chinh stra trong mang noron rat kho khan.

Hai tiéu chi co ban trg gitip cho nguoi thiét ké ¢ logic md va & mang

noron thé hién trai nguoc nhau (bang 3.1).
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Bang 3. 1 Hai tiéu chi co ban gitip nguoi thiét ké logic md va mang noron

Tiéu chi Mang noron Logic mo

Khong tuong minh, kho giai | Tuong minh, dé kiém ching

Thé hign tri thitc | o, - =4 " 0 4 T
: thich va kho stra doi. hoat dong va d¢ stra doi.

C6 kha nang hoc thong qua Khong c6 kha ndng hoc: ban

Kha nang hoc . 1en - -2 IS
g e cac dir licu phai tu ki€ém tra tat ca

Tur nhitng phén tich trén, ta thiy néu két hop logic md va mang noron, ta s& co
mot hé lai v6i wu diém cia ca hai: logic md cho phép thiét ké hé dé dang, twong
minh trong khi mang noron cho phép hoc nhitng gi ma ta yéu cau vé bd diéu khién. N6
stra d6i cac ham phu thudc vé hinh dang, vi tri va su két hop.... hoan toan tu dong.

Piéu nay 1am giam bét thoi gian cling nhur giam bot chi phi khi phat trién hé (hinh 3.1).

Hinh 3. 1. Mo hinh hé mo-noron

3.1.2. Két hop diéu khién mo va mang noron
% Cau trac chung ciia hé mo - noron
C6 nhiéu cach két khac nhau dé hop mang noron véi logic mo.
Str dung cac noron RBF mo ta dudi day, sy mo hoé co thé dat dugc rat dé

dang. M&i bién ngdn ngir duge xdy dung bang 1 noron. Chu ¥ riang kiéu ham cua
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noron khong nhét thiét phai 13 ham Gaus ma c6 thé 1a ham khac. Trong phan nay
ham lién thudc kiéu tam gic c6 thé khong duoc sir dung vi chiing khong tron. Cac
noron mo hod dong vai trd 16p vao cua mang.

Tiép theo, 16p an 1a toan tir MIN. Po6i khi ham nay dugc thay bang toan tir
PROD. Mbi noron nhdn véi gid tri dau vao ctia n6 va str dung sd nay nhu dau ra cta
n6. Lop thir 3 duoc xay dung béi cac noron MAX (ta c6 thé sit dung SUM thay vao
d6). Lop nay twong tu 10p trude nhung ching cong cac dau vao.

Néu céc luat d3 biét, ta s& chi c6 mbi lién hé noron PROD dugc six dung
v6i cac khéi tong twong tng, néi cach khac 1a xay dung dudng lién lac giita moi
noron ciia 2 16p nay va sir dung phép nhan cho mdi két ndi. Viéc thyc hién timg quy
tac nhu vay dugc dinh nghia & thoi diém dau. Khi tdi vu mang, gia tri cia mdi quy
tac 1a 1 hodc 0 (luat hop 1€ hoac khong hop 1€). Nhu vay, cac luat co s& nhu 1a mdt
nhan t6 bo sung dé hoan thién mang.

Cudi cung, tat ca cac noron tong duoc lién két véi noron don tao thanh 16p
ra. Khéi nay xac dinh mot gia tri cing bang viéc xay dung tich cia mdi vi tri MAX
clia noron vé&i gia tri twong Ung ctia nd va phén chia tong nay theo vi tri noron. Pay
chinh 14 phuong phép singleton dé xac dinh gia tri 1d & dau ra.

Mang c6 tham sd sau dé thay d6i cac dic trung cua no:

— Giéa trj trung binh ctia mdi ham lién thudc (vi 1a gia tri cuc dai cua no).
— Chiéu rong cua mdi ham lién thudc.
— Tinh hop 1é (gia tri) cia mdi quy tic.

Nhin chung, gia tri cia mdi quy tac khong nhat thiét phai 1a 1 hodc 0, chu
yéu chiing nam giira 2 gia tri ndy. Néu bang 0 ta coi luat d6 bi mat, binh thuong ta
coil mot luat béng 1 hoac béng 0 v6i mot mire do nhat dinh.

% Biéu dién luat If-Then theo ciu tric mang noron

Xét hé SISO, luat didu khién c6 dang:

Ri = Néu x 1a Ai Thiy 1a Bi (3.1)

voi A, Bila cac tap mo, 1= 1,..., n.

Mbi luat cta (3.1) co thé chuyén thanh mot mau dir liéu cho mang noron
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da tang bang cach 1iy phan “Néu” lam dau vao va phan “Thi” lam dau ra cua
mang. Tu do ta chuyén khdi luat thanh tap dit licu sau:
{(A1B1).....(An,Bn)}.
Dbi v6i he MISO, viée biéu dién khdi luat dudi dang tap dir liéu ciing
trong tu nhu dbi v6i hé SISO.
Vidu: Luat Ri:
Néux1a AjvaylaB; ThizIaC; (3.2)
voi A, B, Cjla cac tap mo, i=,..., n.
Tap dir liéu ciia khdi luat 1a:
{(Ai,B).Ci}, 1 <i<n.
Con d6i véi hé MIMO thi khoi luat :
Ri: Néux 1a Ai va y1a Bi Thir la Ci va s 1a Di (3.3)
voi A, Bj, Cj, Dj la cac tap mo, i=1,..., n.
Tap dit liéu ctia khoi luat 1a:
{(A;,B),(C;,D)}, 1 <i<n.
Cé hai cach dé thyc hién lugt "Néu...Thi" (If...Then) dya trén giai thuat lan
truyén nguoc sai léch :
Phwong phap Umano - Ezawa
Theo phuong phap nay, mot tip mo duoc biéu dién badi mot sé xac dinh céac
gia tri cda ham lién thudc cua no. Ta thuc hién theo cac budc sau:
— DPit [ag,0,] chira mién xac dinh cua bién ngon ngit dau vao (trc mién Xac
dinh cua tat ca Aj).
— Dat [B1,B,] chtra mién xac dinh cua bién ngdn ngir dau ra (tc mién xac dinh
clia tat ca B).
— V&1 M, N nguyén duong, M >2 va N > 2 ta dat:
xi=oi+(i-1)(02-al)/(N-1)
Yi=B1+ (- D(B2-B1)/(M-1)
véi  1<i<Nval<js<M.

— Roi rac hoa cac tdp mo thanh tap cac cap vao-ra (hinh 3.3).
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{(Ai(X1),-.-, AiXN)),(Bi(Yo),--,Bi(ym))}, voi 1 <i<n.
bat aj; = Ai(X;), bij = Bi(yj), khi d6 mang noron mo sé& chuyén thanh mang
noron rd véi N dau vao va M dau ra. Tir d6 c6 thé cho mang hoc bang giai thuat

huan luyén mang noron da biét.

Ay

Hinh 3. 2. Roi rac héa ham lién thudc va cac ham lién thudc cac tip mo vao/ra

Xét mot hé ¢o 3 luat mo voi cac tdp mo vao va ra nhu hinh 3.3:
R1:Néux1aA; ThiylaB;
R2:Néux1a A, ThiylaB,;
R3 :Néux1a A; ThiylaB;

v&i cac ham phuy thude:

|

Hopa(UW)=1-2u0<u<=

N

/umedium(u) =1-2u _%‘,0 <u<l

,ubig(u):2u—1,%£u <1

lunegative = _U,_lﬁ u<o

Lo =1— 2|u|,—% <u s%

/upositive = U’O sus 1
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o Tap dir liéu duogc rit ra tir cac luat nay cé dang:

{(A1,B1), (A2,B>), (A3,B3)}.

Dit [0y, 0] = [0 1] 14 mién xéac dinh cta bién ngén ngit dau vao.

O

Dit [B1, B] = [1 1] 14 mién xac dinh ctia bién ngdn ngir dau ra.
o DbatM=N=5,Taco:

Xi=(i-1)4,véi1<i<5

o

= X;=0; X =0,25; X3=0,5; X, =0,75; Xs = 1 va
yi=1+(-1)2/4=-3/2+j2,v6i1<j<5
= y1=-1,¥,=-0,5Yy3=0;y,-0,5; ys = 1.

o Tap dit liéu gdbm 3 cdp vao-ra la:
{(a11,...,a15),(011,....015) }
{(@21,-.,825),(D21,....b2s) }
{(a1,-,835),(P31,...b3s) }

voi: a1 = Hsman(Xi) b1 = Hnegative(V;)
82i = Hmedium(Xi) baj = Hzem(Y;)
A = Mpig(Xi) b3j = Wpositive(Y;)
Nhu vay ta co:
1(1;0,5;0;0;0),(1;0,5;0;0;0)}

{10:0,5;1,0,5;0),(0;0;1;0;0)}
{10;0;0;0,5;1),(0;0;0;0,5;1)}.
3.2. Noron M¢
Xét mang noron nhu hinh 3.3. Trong dé: cac tin hiéu vao-ra va céc trong sb
déu 1a sb thyc; Hai noron ¢ dau vao khong 1am thay doi tin hiéu nén dau ra cia no

cling 1a dau vao.

X

y=I(X1w; + Xawy)

Hinh 3. 3. Mang noron
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Tin hiéu xi két hop voi trong s6 wi tao thanh tich:
Pi = WiXi, i=12.
Dau vao cta noron & tAng ra 1a sy két hop cua céc p; theo phép cong:
P1 + P2 = WiXy + WoXo.
— Noron ndy dung mét ham chuyén f dé tao dau ra.

1

y= f(W1X1+W2X2)’ f(X):l+e_X

Mang noron dung phép nhan, phép cong va ham dang chitr S dugc goi la
mang noron chuan.

Néu mang noron dung cic phép toan khac nhu t-norm, t-conorm dé két
hop dit li¢u dugc goi la mang noron lai. Mang noron lai 1a co s& dé tao ra cu
tric noron mo dua trén cac phép toan mo. DPé 6 mang noron mo ta thuc hién:
Biéu dién cic dau vao (thuong 13 cic do6 phu thudc) xi, X, va trong sé wi, W,
trén khoang [0, 1].

—Mang noron lai c6 thé khong ding cac phép toan nhan, phép toan cong hodc
ham dang chit S boi vi két qua cia cac phép toan ndy c6 thé khong nim trong khoang
[0, 1].

Dinh nghia: Mang noron lai 13 mang noron sir dung tin hiéu & va ham truyén
rd, song su két hop x; va w; ding cic phép toan t-norm, t-conorm hay céc
phép toan lién tuc khac va su lién két p, va p, ding cac ham t-norm, t-conorm
hay cac ham lién tuc khac, ham chuyén f ¢6 thé 1 mot ham lién tuc bat ky.

Ch y: d6i voi mang noron md thi gia tri vao, gia tri ra, va trong sd 14 nhimg
sd thue nam trong khoang [0, 1].

Noron mo AND (hinh 3.4)

Tin hiéu x; va trong s6 w; duoc két hop boi conorm S tao thanh:

pi = S(wixi), 1=1,2
Céc p; dugc tinh bai norm T dé tao dau ra cua noron.
y = AND(p1,P2) = T(p1,p2) = T(S(W1,X1),S(W2,X2)).
Néu T = min va S = max thi noron md AND chinh 13 luat hop thanh min-max
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y=min{wy V Vv X;,W, V X}

¥ = S(T(y, w)T Rz, W2))

Hinh 3. 4. Noron mo AND

3.3.  Huén luyén mang noron-mé&

P61 voi mé hinh mod, mbi quan hé phi tuyén vao-ra phu thudc rat nhiéu
vao cac phan ving mo cua khong gian vao-ra. Do dé viéc chinh dinh ham lién
thugc trong cidc md hinh mo tré nén rat quan trong. Trong mang noron md
viéc chinh dinh nay co thé xem nhu 13 vin dé t6i wvu dung giai thuat hoc dé
giai quyét.

Pau tién ta gia dinh cac ham lién thudc c6 mot hinh dang nhat dinh. Sau
d6 ta thay doi cac thong sd cia hinh dang d6 qua qua trinh hoc bang mang
noron.

Nhu vay ta cAn mot tip dir liéu ¢ dang cac cip vao-ra mong mudn dé cho
mang noron hoc va cling can phai c6 mot bang cac lut so khai dua trén cac ham phu
thudc do.

Gia str can thuc hién 4nh xa:
y = f(x)=f(x5...x*), vouik=1,...,K

Ta ¢6 tap dit lidu : {(x1YY),.... (XY}

Dung luat If-Then (néu - thi) dé thuc hién anh xa nay:

Ri:Néux; lAA;va..vax,laA,thiy=2z,1<i<m

v6i1 Aje 1a cac tap mo ¢o6 dang hinh tam giac va z; 1a s6 thue.

bat o 1a gia tri ra cua hé khi ta dua vao X<,

Ky hi€u a; 1a gid tri ra cta luat th 1, dugce dinh nghia theo tich Larsen:

Q; :Hri:AI](XIJ()
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(cling c6 thé dinh nghia cac t-norm khac).
Giai mo theo phuong phap trung binh trong tam ta co:

Sai 1éch ctia mau tht k 1a:
1
E, =§(0k -y“)?

Dung phuong thirc giam dé hoc zi trong phan két qua cia luat Ri:

2,4 = 2,0 -0 25 = 2,0 -n(0* —y*)—= i=Im

—l
, a, +..ta

Cho rang mdi bién ngdn ngit c6 7 tdp mo nhu hinh 3.5: {NB, NM, NS, ZE,
PS, PM, PB}.

NB NM NS ZR PS PM PB

Hinh 3. 5. Tap mo

Céc ham lién thudc c6 hinh dang tam gic dugc dic trung boi 3 tham so: tam,
d6 rong trai, 6 rong phai. Cac tham sé nay cua tam giac ciing duoc hoc bang phuong
thirc giam.

Vi du: Xét 2 luat mo SISO

Ri:NéuxlaA, Thiy=1z,
R Néux1aA, Thiy=2z,
Gia sur A; va A, dugc dinh nghia boi :
1 1

A lreeb ) T replb,x-a)]

Vi ay, 8y, by, by 12 cac gid tri khoi tao ban dau.

Vay gié tri ra cua luat la:
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1 1

o, =A = a,=A, =
1+exp[b, (x—a,)] 1+exp[b,(x—a,)]

Gia tri ra cua hé mo:
o Gl _ A (X)z, + A, (X)z,
o t+a, A (X)+ A, ()
Gi4d su chung ta co tap dir licu can hoc:
{(Xe, y1),-s (X Vi)}-

Nhiém vu cta ching ta 1a xay dung 2 luit mo dya trén cac tap mo da stra ddi,

sao cho két qua tao ra tuong thich véi cac cap vao-ra cho trude.

Dinh nghia sai léch cho mau thir k:
1
Ek :Ek(al'bl’aZ’bZ’ZI'ZZ) :E[ok(a'l’bl7a'2’b2’zl’22)_yk]2

Dung phuong thirc giam dé hoc:

L+ =2,0-155 = 20 -n(o" -y -2
Z, a, +a,
K K Al(xk)
=)~ B K K
z,(t)—n(o y)Al(x)+A2(x)
tuong tu:
_ rnk gk Ai(xk)
z,(t+) =z,(t)—n(" -y )Al(x")+A2(xk)

oE
a(t+l)=2a,()-7 aak

1

OE
b.(t+1) =b (t)— k
L (t+1) =Db(t) nabl
OE
a(t+1)=a,(t)- k
,(t+1) =a,(t) "aaz
OE
b, (t+1) =h,(t)— k
,(t+1) =b,(t) nabz

Luat hoc s& don gian hon néu ta dung cac ham lién thudc c6 dang hinh 3.6:

1 1

AN =T exp[-b(x - a)] A= exp[b(x-a)]

khi @6 Al(X) + AZ(X) = 1, VX.
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05 i 15 2

Hinh 3. 6. Mot dang ctia ham lién thudc

Viéc stra do1 duoc thuc hién nhu sau :

21(t+ 1) = 2(6) - 1t = 51(8) — (0" — 1) As(e
246+ 1) = 2(t) — mgt = a(e) = m(o® — (e
aft +1) = aff) — 3Ef9(j’ )
Voi:
353(3, ) _ i a_f _

(0" ~ el Au(e) + 1 — Asfeh)] =

(0 = 1) (s - s 2]
(Ok _ yk)(zl — z)b exp(b(:rk —a)

[+ exp(b(zF — a))F

(0" = ¥} (21 — )b As(z")(1 — Au(a")) =

(6% — ™) (21 — 22)bA1(z") Ay(zD).

va :
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bt + 1) =b(t) — H_BE;:;:, o
—a = & ¥ - ng

1 + exp({z* — a,))}

—{(0° — ")z — ;)2 — a) Ax{2®)(1 - Au(e)) =

—(0* — y*)(21 — 2)(z* — @) As(z") Aa(z").

Mang noron cho hé mo nay s& nhu hinh 3.10, mang nay gom 5 16p:

Téng 1 Téing 2 Téing 3 Téang 4 Tang 5

> B1z1

> B2z,

Hinh 3. 7. Mang noron ctia mot hé mo
Lép 1: Gia tri ra tir ntit chinh 14 6 phy thudc cta bién ddi véi tap mo.
Lop 2: Tao gia tri ra cua ludt: a; = Ag; o, = A,
Nhitng nut ndy dugc gan nhan T boi vi ching ta c6 thé chon nhiéu phép
toan t-norm khéc nhau cho phép AND (VA).
Lép 3: Lay trung binh:

a a
ﬂlz : 182_ 2

o, +a, o, +a,

L6p 4: Gia tri ra ciia noron la tich cta z; va f;.

Lép 5: Két hop tao gid tri ra cudi cing cua hé: z = Byz; + Bz,
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3.4. ANFIS

Mang thich nghi dga trén co s& hé suy luan mo (Adaptve Network-based
Fuzzy Inference System-ANFIS), dugc Jang dé xudt nim 1992. St dung cac ludt hoc
mo dang TSK nhu sau:

Luat hoc thtr j 1a Rl ¢co dang:

If X, is Ay And X, is A, And ...And x, A,

Then f,=,(p; +Z_1: pix)

Véi 1a cac bién ngdn ngit dau vao (i=1,2,3,...n), y 1 bién dau ra Ali(x;) 1a cac
bién ngdn ngit mo cia bién dau vao x;, uAji(Xi) 1a ham lién thudc ciia mdi bién ngon
ngir dau vao (G=1,2,3,...n), pji thudc tap hop R 1a cac hé s6 ctia ham tuyén tinh fj(X,,
X2,... Xp)-

ANFIS ¢6 cdu triic nhu hinh 3.8, gdm cac 16p nhu sau:
(%)

® C RSN

: (

% / "@"‘m : 'i_.@_y.

X

AnM IL[A1M (Xn)

Hinh 3. 8. So dd ciu tric cua ANFIS

Lép 1: La 16p dau vao, moi noron thir I c6 mdt tin hi€u vao x;
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Lép 2: Mbi pjaanf tir [a mot ham lién thude iji(Xi) c6 dang hinh tam giac, hinh
Gauss, hoac ham hinh chuong, ...Trong d6 cac thong s6 cua cac dang ham lién thudc &
16p 2 1a cac thong sb diéu chinh.

Lép 3: Mdi phan tir 7 tuong tmg thuc hién mot lut thi j:

n .
M= El /uij (%)

Lép 4: M&i phan tr N tuong tmg thuc hién tinh toan:

Lép 5: Mdi phan tir thit j cta 16p 5 thuc hién tinh todn gia tri:
f=4;(pd + pix)
i=1
V6i u; 1a gid trj dau ra cta 16p 4 va {p, p/, pj..... p/....p}} 14 céc thong s6

diéu chinh.
Lép 6: Chi c6 mot phan tir thyc hién phép tong tinh gia tri dau ra

Néu cho trugc ham lién thudc dau ra mong muén 1a: f(x) = yOI

Str dung tiéu chudn binh phuong cia sai 1éch givruax ham dau ra mong mudn
v6i ham daura E = % (y* —y)?

Thau gia tri dau y vao co:

Pé dat dugc mong muén E cyc tiéu hay tin hi¢u dau ra y cua ANFIS ban theo

duoc tin hiéu dau ra mong muon yd can dicu chinh b thong s6 cua ham lién thude &
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16p 2 va bo thong s0 { pg, p/, 3., PP} G16p 5.
Nhu vay luat cap nhat gia tri cac thong s6 diéu chinh con phu thudc vao dang
ham lién thuéc ma ANFIS st dung.
Pé tién cho viéc tinh toan, sau day la cac luat cap nhat gia tri cac thong $6
diéu chinh khi ANFIS sir dung cac dang ham lién thudc thuong dung.
e Truong hop dung ham lién thudc c6 dang hinh tam giac

2‘xi —ai"‘
ooy =1 b/

Céc thong s6 diéu chinh trong qua trinh hoc ctia mang ANFIS duogc cip nhat

theo cac biéu thuc sau:

8l (t+1) =8 (-7, ajfx_)
b (D=0 0,
pl(t+1) = p/ (1) -1, %

Trong d6: n,,n,,n, la cac h¢ sd hoc

Chirng minh dugc:

oE M 4 i 2
aaij (Xi) a iﬂj (y y )Sgn(Xi . (Xi)) :uAii(Xi)bij(Xi)
oE H; d 1_’uAsj (x)
E__ Y —y) A
ab! (x;) iﬂ_ =y . ) N (%)’ (%)

oE u

apii(xi) =iu_ (y_y )Xi

e Truong hop ham lién thudc c6 dang hinh Gauss

~()’
2(51)?

My (x)=e

Céc thong s6 diéu chinh trong qua trinh hoc ctia mang ANFIS duogc cip nhat
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theo cac biéu thirc sau:

¢+ =c/ (1)1, aj(EX.)
SIt+D) =5i"(t)—%%fx_)
P+ =0, 2

Trong do: 7,,7,,n, la cac hé s6 hoc

Chtrng minh duoc:

OE K o 3 N 1
aCij (Xi) - i’u (y y )(f] y)(xi Ci (Xi)) @j(xi)g
oE 4 o 3 i 1
85ij(xi) - ila (y y )(fJ y)(xi Ci (Xi)) é}j(Xi)S

OB _ M o vy
8pij(Xi) - iﬂ (y y )XI

3.5.  Sir dung cong cu ANFIS trong matlab dé thiét ké hé mo - noron (Anfis

and the Anfis editor GUI)
3.5.1.  Khdai ni¢m

Céu triic co ban cua hé théng suy ludn mo nhu ching ta di thay 1a mo hinh
thuc hién sy anh xa cac thudc tinh vao dén cac ham lién thudc vao, ham lién thudc
vao dén cac luat, cac luat dén tap cac thudc tinh ra, cac thude tinhra dén ham lién
thudc ra va ham lién thudc ra dén gia tri ra don tri hodc quyét dinh két hop véi dau ra.
Chung ta m&i chi dé cap dén cac ham lién thudc duge bd tri trude va & mic d6 ndo dé
viéc chon con tuy tién. Pong thoi ching ta cling mai chi 4p dung cac suy dién mo dé
mo hinh hoa hé thdng ma ciu trac luat vé co ban duoc dinh trudc bang viée sir dung
su thé hién ctia thudc tinh cua céac bién trong mo hinh.

Trong phan niy, ta s& viéc sir dung ham anfis va ANFIS Editor GUI trong
bd cong cu Fuzzy Logic Toolbox cua Matlab. Cong cu nay 4p dung k¥ thuat suy
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di®n md dé mod hinh hoa ddi twong. Nhu ta d biét ¢ phan suy dién mo GUIS hinh
dang cua ham lién thudc phu thudc vao cac tham s6, khi thay ddi cac tham sb s&
thay ddi hinh dang cua ham lién thudc. Thay vi nhin vao dir li€u dé chon tham sb
ham lién thudc chiung ta théy cac ham lién thudc cé thé duge chon mot cach tu
dong.

Gia thiét ta mudn 4p dung suy dién mo cho hé théng ma dbi véi no ta da co
mot tap dir liéu vao/ra, ta c6 thé sir dung dé mo hinh hod, mé hinh sap t6i hodc mot
vai phuong phap twong tu. Khong nhit thiét phai c6 cdu trac mé hinh dinh trude
1am co s6 cho thudc tinh ctia cac bién trong hé thong. C6 mot vai mo hinh trang thai
trén né chung ta khong thé nhan thiy dit liéu va khong thé hinh dung duoc hinh
dang ctia ham Ién thudc. Pling hon 1a vi¢c chon cac thong s6 lién két vai cac ham
lién thudc dinh sén 1a tuy tién, cac thong ) nay dugc chon sao cho lam bién d6i tap
dir liéu vao/ra dén bac dugc miéu ta cho dang do cua cac bién trong cac gia tri dir
liéu. Do d6 dugc goi 1a ky thuat hoc neuro-Adaptive hop thanh anfis.

3.5.2. MB& hinh hoc va suy dién mo thong qua ANFIS (Model Learning and

Inference Through ANFIS)

Y tudng co ban cua ky thuat hoc neuro-adaptive rat don gian. Ky thuat nay
dua ra co ché cho md hinh mé ¢6 tha tuc dé hoc thong tin vé tap dir liéu theo thu tu
udc tinh cac tham sé ciia ham lién thudc ma nd cho phép két hop véi hé thdng suy
dién mo theo hudng dir lidu vao/ra nhit dinh. Phuong phap hoc nay lam viéc twong
ty nhu mang noron. B cong cu 16gic mo dung dé thuc hién viéc diéu chinh tham sd
cua ham lién thudc duogc goi la anfis. Ta cé thé mo anrs tur dong Iénh hodc tur giao
dién dd hoa (ANFIS Editor GUI). Hai cach nay tuong ty nhau, chung dugc sur dung
hoan d6i nhau. Tuy nhién, giita chung ciing c6 d6i chut khac biét (chung ta s& ban
dén ¢ phan sau).

< Tim hiéu vé ANFIS

ANFIS xuat phét tir tién Anh 1a Adaptive neuro-fuzzy infercnce system. Sir

dung tap dit liéu vao/ra c6 sin, ham anfis xdy dung nén hé théng suy dién mo (FIS),

cac thong s6 ham lién thudc cia n6 dugc diéu chinh nho st dung cac thudt toan
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hudn luyén cta mang noron nhu thuit toan lan truyén nguoc hoic két hop lan
truyén voi phuong phap binh phuong cuc tiéu. Piéu d6 cho phép hé mo cia ta
"hoc" tur tap dir liéu ching dugc mo hinh.
% CAu tric va sy diéu chinh tham sd cta FIS

Mot kiéu mang cé cAu tric tuong ty mang noron, nd anh xa cac dau vao qua
cac ham lién thudc vao vé6i cac thong sb twong tng va sau d6 1a thong qua cac ham
ra v6i cac tham s twong Ung tao nén cac dau ra cé thé dugc sir dung dé giai thich
anh xa vao/ra. Cac thong s twong Gmg véi ham lién thude s& thay d6i théng qua qua
trinh hoc. Viéc tinh toan cac tham sb nay (hoac viéc diéu chinh ching) thyc hién dé
dang bang véc to gradient nd dua ra gidi han theo cach t6t cho hé thong suy dién
md dugc mo hinh hoa dit liéu vao/ra theo tap cac tham sé nhat dinh. Ta di biét, véc
to gradient dugc ap dung cho mot vai thu tuc t61 wu cot dé diéu chinh cac tham sb
sao cho giam nho gia tri sai s6 (thudng dugc dinh nghia bang tong binh phuong sai
léch gitra dau ra hién thoi va dau ra mong mudn). Anfis str dung diéu d6 theo giai
thuat lan truyén nguoc hoac két hop su wdc lugng binh phuong cuc tiéu va su lan
truyén nguoc cho sy wdc lugng tham s6 ham lién thudc.
3.5.3. Xdc nhdn dit ligu huén luyén (Familiarity Brecds Validation)

< Tim hiéu dit ligu
Phuong thirc tao mau duoc sir dung bdi anfis gidng nhu cac k¥ thuat nhan

dang h¢ théng khéc. Dau tién ta dua ra mot cdu trac tham sé mau (lién két cac dau
vao t&i cac ham lién thudc véi cc ludt téi cac dau ra toi cac ham lién thude...). Ké
dén, 1a thu thap dir liéu vao/ra vao mét dang sao cho tién lgi cho sy huan luyén cua
anfis. Ta c6 thé sir dung anfis dé huan luyén mé hinh FIS nhim mé phong dit liéu
huan luyén dua vao dé no sira d6i cac tham sé cta ham lién thudc theo tiéu chuan
sai s6 da lua chon. Noi chung, kiéu mé hinh nay s lam viéc tdt néu dir lidu dua vao
anfis cho sy hudn luyén tham s6 cac ham lién thudc dai dién dﬁy du cho cac dac tinh
ctia tap dir liéu ma né duogc FIS huan luyén gianh cho mo hinh. Piéu nay khong

phai luon ludn xay ra, tuy nhién, trong mdt vai truong hop trong qua trinh thu thap
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dir liéu, do anh hudéng cta nhiéu do ludng ma dir lidu huén luyén khong thé dai dién
cho tat ca cac thudc tinh cua dit liéu s& c6 mit & md hinh.
% Xac dinh mé hinh bang cach sir dung cac phan dit liéu thir va kiém tra

(Model Validation Using Checking and Testing Data Sets)

Cong nhan gia tri mau (xac dinh mau) la qua trinh trong d6 cac vecto vao
tir dit liéu vao/ra duge dat tai noi ma FIS chua duoc huin luyén, mau duoc dua toi
huan luyén FIS dé mau FIS d6n trude gia tri dit liéu dau ra twong ung c6 tot hay
khong. N6 dugc thuc hién bdi bo soan thao ANFIS GUI. Ta c6 thé st dung mdt loai
dir liéu khac dé cong nhan gia tri mau trong anfis. Hinh thirc cong nhan dit liéu nay
duogc hinh dung nhu mot hé thé)ng dir liéu kiém tra dugc st dung dé diéu chinh su
cong nhan gia trj dir liéu. Khi dit liéu kiém tra duoc dua toi anfis ciing gidong nhu dir
liéu huén luyén, mau FIS luya chon dé cac tham sé lién quan co6 sai s6 mau dir liéu
nho nhat.

Mot van dé dit ra 1a viéc cong nhan gia tri dir liéu dé tao mau sir dung cac
k¥ thuat thich nghi 1a lga chon tap dit li¢u ti€u biéu cho dir liéu miu huin luyén,
nhung khac biét voi dir liéu huan luyén duoc thiét 1ap khong phai dé phan hdi cho
qua trinh hop thtrc hoa thiéu hiéu qua. Néu ta thu thap mot luong 16n cac dit liéu, thi
dir liéu nay chira dung day du cac dic tinh tiéu biéu vi vy qua trinh thu thap dir liéu
dé phuc vu muc dich kiém tra hodc thir s& dé dang hon. Tuy nhién néu ta mudn thuc
hién cac phép do & miu, co thé dir liéu huan luyén khong bao gém tat ca cac dic
tinh tiéu biéu ma ta mudn.

Y tudng co ban dang sau viéc st dung dir liéu kiém tra cho hop thirc hoé Ia
sau mot diém nhat dinh trong qué trinh huan luyén, mau.bit dau vuot qua phan dir
liéu huan luyén da duoc thiét 1ap. Theo nguyén tic, sai s6 miu cho thiét 1ap dir liéu
kiém tra duong nhu giam khi viéc huin luyén xdy ra tai diém ma viéc diéu chinh
qua mirc bat dau, va sau d6 sai s6 mau cho dir lidu kiém tra dot ngot ting. Trong vi
du dau o phan dudi day, hai dit liéu gidng nhau duoc st dung dé huan luyén va
kiém tra, nhung phan dit liéu kiém tra bi stra d6i boi mot luong tiéng 6n nho. Bang

viéc kiém tra chudi sai s6 trong qu trinh huan luyén, rd rang 1a dit liéu kiém tra
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khong duoc tdt cho cac muc dich hop thirc hoa mau. Vi du ndy minh hoa cach st
dung b soan thao ANFIS GUI dé so sanh céc dit liéu.
< MOt s6 han ché ctua Anfis
Anfis phtic tap hon cic hé théng suy ludn mo ma ching ta da dé cap o
chuong 1 rit nhiéu, va ciing khong sdn c6 nhu cac tuy chon cia hé théng suy luin
mo. Dic biét, anfis chi hd tro cho cac hé théng mo theo mo hinh Sugéno va ching
can c6 nhing rang budc sau:

—Lacac hé théng loai Sugeno ¢ vi tri 0 hodc 1.

—C6 mot dau ra don, giai mo bang phuong phap trung binh trong tim. Tat ca
cac ham lién thudc dau ra phai cung loai, hoac tuyén tinh hodc bat bién.

—Khong chia sé luat diéu khién. Céac luat khac nhau khong thé chia sé cung
mot ham lién thudc dau ra, cu thé 1a sb lugng cac ham lién thudc dau ra phai béng
) luong cac luat.

C6 mot trong lugng nhat dinh (dong nhit) cho mdi mot nguyén tac.

Khi khong train thi du nhiing rang budc trén, cAu trac FIS s& bi sai sd.

Hon nita, anfis khong thé chap nhan cac tuy chon thong thuong ma suy luan
md co ban cho phép. Vi vay chung ta khong thé tuy ¥ tao ra cic ham lién thudc va
cac phuong phap gidi mo cia minh ma phai st dung nhirng chirc nang da cho.
3.6. Sir dung bg soan thao ANFIS GUI
3.6.1. Cdc chirc niang cia ANFIS GUI

Trong phan nay, chung ta cung tim hiéu cach khai thac bd soan thio hé mo
- noron thong qua giao dién dd hoa. Dé khaoi dong bd soan thao ANFIS GUI, go:
anfisedit. Ctra s6 thao GUI sau day xuat hién trén man hinh (hinh 3.11). Tir bd soan
thao GUI nay ta c6 thé:

Tai dir lidu (huan luyén, thir va kiém tra) bang cach lya chon nhiing nut
thich hop trong phan Load thira cia GUI va bam vao Load Data. Dit licu tai vé
dugc vé trong phan do thi.

Tao mot md hinh FIS ban dau hodc tai mét moé hinh FIS ban dau bé“mg cach

st dung cac lua chon trong Generate FIS cua GUI.
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Xem cau trac mau FIS khi FIS ban dau da duoc tao hodc tai béng cach

nhay vao nut Structure.

Chon phuong phap t6i wu tham s6 mé hinh FIS: truyén nguoc hoic két hop
truyén nguogc véi binh phuong nho nhat (phwong phép lai).

Chon s6 ky huin luy huan luyén mé hinh FIS bang cach nhén vao nut Train
Now.

Huén luyén nay diéu chinh cac tham sb ham lién thudc va cic so do huin
luyén (va/ hodc dit liéu kiém tra) cac so do sai sd trong phan so dd.

Quan sat mo hinh FIS dé thay duoc dir liéu huan luyén, kiém tra hodc thir

dr li€u dau ra bang cach an nut Test Now.
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[ Xéa cac du liu | | Na-gFrS I huan luyén

Hinh 3. 9. Ctra s6 soan thao ANFIS GUI
Chtrc ning nay vé dit liéu thir twong phan véi dau ra FIS trong phan so do.
Ta c6 thé st dung thanh thyc don bd soan thao ANFIS GUI dé tai mot huan
luyén FIS ban dau, ghi FIS huan luyén, mé mot hé thdng Sugeno hodc md bat ky

mot GUI nao dé phan tich su huin luyén ctia mé hinh FIS.
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3.6.2. Khuén dang dit liéu va b soan thio ANFIS GUI: kiém tra va huén luyén

(Data Formalities and the ANFIS Editor GUI: Checking and Training)

bé khoi dong moét FIS st dung anfis hoac bd soan thao ANFIS GUI, dau tién
ta can c¢6 mét dit liéu huin luyén chura céac cdp dir ligu dau vao/dau ra mong mudn
cua hé théng dich. Béi khi cling can tap dir liéu thu tuy chon co thé kiém tra dugc
kha ning khai quat hoa ctia hé thdng suy luan mo, dong thoi tap dir liéu kiém tra c6
thé giup d& viéc diéu chinh trong subt qua trinh huan luyén. Nhu di dé cap tir phan
truge, viée diéu chinh duoc tinh dé thu nghiém huén luyén FIS trén mdt dir li¢u
huén luyén d6i lap dit liéu kiém tra, va chon ham tham sé ham lién thudc ndi két voi
sai s kiém tra nho nhat néu nhing sai sd nay chi ra viéc diéu chinh mau qua mirc.
Ta sé& phai kiém tra so d6 sai s6 huan luyén nho nhat dé quyét dinh diéu nay. Nhimng
van dé nay s& dugc ban dén ¢ mot vi du phan sau. Thudng thi nhimg phan dir lidu
huén luyén va kiém tra dugc thu thap dua trén cac quan sat cua hé théng dich va sau
dé dugc luu lai trong céc tép tin tach biét.

Chu y: Bt cir tap dit liéu nao ma ta tai vao bo soan thao ANFIS GUI,

(hoac 1a cai dugc ing dung vao ham I¢nh anfis) phai 1a m0t ma tran vdi cac dir liéu
dau vao dugc sap xép nhu cac vecto trong tat ca trir ¢t cudi cung. Dir liéu dau ra
phai duoc dit trong cdt cudi cung.
3.7. Kétluan chwong 3

Trong chuong nay luin vin nghién ctru, tim hiéu 1& 1y thuyét diéu khién mo
noron. Su két hop gitra hé¢ mo va mang noron, tim hiéu vé ciu trac, cach huin luyén
trong mang mo noron, dac biét la cau tric diéu khién ANFIS.

Ngoai ra cling trong chuong ndy luan van di im hiéu cach str dung cong cu
ANFIS trong Matlab dé thiét ké hé mo noron, nham phuc vu cho viéc thiét ké diéu

khién trong chuong sau.
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Chwong 4 - UNG DUNG HE MO NORON PIEU KHIEN BO LOC TiCH
CUC CHO LO NAU THEP CAM UNG

4.1. Xac dinh ciu tric bd loc tich cwe AF cho 16 nau thép cam vng

Trong chuong 2 ta da tim hiéu vé céc bd loc tich cuc, trong do ta théy bo loc
tich cuc song song AF c¢6 nhiéu vu diém ndi bac, phu hop véi 10 ndu thép cam ung.
Vi vay ta s€ su dung bd loc tich cuc song song AF dé loc song hai cho 10. CAu trac
va nguyén 1y lam viéc cua bd loc nhu dugc trinh bay ¢ hinh 2.28 & muyc 2.5.4 cua
chuong 2 [7].

Céu trac tong quat cla toan bd 10 nau thép cam tng va bd loc tich cuc song

song dugc trinh bay nhu hinh 4.1.

Bochinhhm  Komrg Mach B nghichhngong
¢t diéu khién hoygviloe ddnbdy hidng noudn dong

. AANA V KZ
e EI[EE
. hufmg
z Lﬁ} " 7§

Hinh 4. 1. CAu truc tong quat cta toan bd 16 nau thép cam tGng c6 bo loc AF
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Piém ndi bo loc tich cuc AF sat phu tai, diém nay goi la diém ndi chung
(PCC), AF duoc diéu khién theo nguyén tic dong dién.
4.2. Tinh toan cac thong sb ciia bd loc AF
Céc thong sb ctia bo loc tich cuc AF duogc tinh chon [6], [7], [9] nhu sau:
4.2.1. Tinh chon gid tri nguon mdt chiéu cap cho nghich luu
Gia tri cuc tiéu cua nguén mot chiéu: Epin > Vs V2+/3=2,45V, = Uy
Thong thuong chon ngudn mot chidu ¢ gié tri: E = (1,2 +1,3)Uq
Chon hé s6 1,3 thi nguén mot chiéu cép cho mach nghich luu la:
E =1,3Uq = 1,3%2,45x220 = 700 (V)
4.2.2. Tinh chon gid tri tu dién C
Gia tri tu dién C duogc tinh toan sao cho dam bao tao duogc nguén cép 6n dinh
cho mach nghich luu 1a E = 700(V) va C phai du lon dé loai bo duoc nhiing thanh
phan dién ap lan tan trén tu. Cong thirc tinh dién dung C nhu sau:
S 1
EAU 20,
Trong d6 :
— Slacong suét biéu kién cua bo loc
— E 1a gia tri strc dién dong mot chiéu cip cho mach nghich luu
— AU d6 bién thién dién ap trén tu (1ay khoang 5%E)
Ta c6: AU = 5%E = 5%.700 = 35(V)
Tinh toan cong suat biéu kién cua bo loc, cong suét ctia bo loc sé béng téng
cong suit gay ra do cc thanh phan séng hai tir bac 2 dén bac 63 chiém ti 1& hau hét,
do d6 sé& tinh toan cong suat b loc dua trén cac thanh phan hai bac cao nay.

Ta co:

«/ils
THD = -2

1

= /2|§ =THD.I,
n=2
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i | =THD.1,=15,22%.318 = 48,4 (A)
n=2
Cong suét biéu kién cua bo loc la:
S =3U,l, = 3.220.48,4 = 31943,736 (VA)
Vay gia tri dién dung C la:
_ S 1 _ 31943,736 1
EAU 20, 700.35 2.27.50

~7,275.10(F)

4.2.3. Tinh chon gia tri dién cam L¢

L VeV _E-V
MAES, A&,

Trong do:
— Vi la dién ap dau ra ciia nghich luu
— V, la dién ap nguoén
— & labién do ctia xung tam giac
— f,1a tan s6 cla xung tam giac
Chon & =10; f, = 10kHz thay vao ta dugc:

_E-V, 700-220
™ 4£f 4.10.10000

=1,2.10°(H)

Chon L = 0.7 (mH)
4.2.4. Xdc dinh va lwa chon thong sé van diéu khién

Vi céc van co tan sd dong cit cao nén ta chon van loai IGBT, viéc lua chon
van 13 sy két hop cua nhiéu yéu t6 nhu dong cuc dai qua van, dién ap nguoc cuc dai
dit 1én van, tan s6 dong ngat, ton that do dong ngat, didu kién lam mat... Viéc tinh
toan lya chon van rat phuc tap doi hoi nhiéu yéu t6. Trong luan vin nay ta chon so
bd van theo dong dién cuc dai qua van.

Dong dién cuc dai qua van bang tong cac thanh phan song hai gay ra, nhu da
phan tich ¢ trén cac thanh phan song hai tir bac 2 dén bac 60 chiém ti 1& hau hét va
c6 gia tri hiéu dung 13 48,4 (A). Véi tan nhiét c6 tiét dién du 16n va diéu kién lam

mat bang quat ta c6 thé chon van véi dong dinh muc qua van la:
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lim = 2lmax = 2x48,4 = 96,8 (A)
Nhu vay so bo ta c6 thé chon cac van IGBT voi dong 160 (A)
4.3. Céu tric diéu khién AF
Pé diéu khién AF phat ra dong dién hai bam theo dong dién hai trén tai ta
thue hién theo ciu trac [6], [16] nhu hinh sau:

Lo nau
7 I~ thép
cam ung
BPF
| ;

‘LPF ~(X)

Bo
AF 1 PWM didu
khién

Hinh 4. 2. CAu tric diéu khién bd loc tich cuc AF

4.3.1. Xdc dinh dong dién bu hai (i)

Mot trong nhimg budc dé diéu khién bo loc tich cuc 14 can phai xac dinh
dong bu hai chinh x4c va nhanh. V& thyc chit dong bu hai chinh 1a dao ciia dong hai
trén tai, c6 rat nhiéu phuong phap dé xac dinh dong hai trén tai nhu bién doi Fourier
nhanh (FFT/Fast Fourier Transform), 1y thuyét p-q tirc thoi, 1y thuyét hé quy chiéu
d-q dong bd, mang no ron thich nghi, sir dung cac bo loc tuong tu hodc sé thich hop
dé tach cac thanh phan hai. Di voi phuong phap FET, tinh toan chinh xac doi hoi
dén hai chu ky cta song can phan tich: mot chu ky dé thu thap dir liéu, mot chu ky
dé phan tich dir liéu. Di v6i cac phuong phap khac, viéc thyc thi 14 rat phuc tap
[6], [7]. Luan van st dung giai phap tach dong dién hai bang hai bd loc thong dai
(Band pass filter) ndi tiép.
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So d6 mach dién va dic tinh ctia BPF nhu hinh sau:

c
—ii |
R3 .

R }| sm
k: EEDE NI R ey
E {Eaarsthol cth = 1, 1‘».
mput [re Ouput ¢ : |
= 1 1

® OV - ® . _;‘—Flequency ;'2—‘
bandpass filter

Hinh 4. 3. So d6 mach dién va dic tinh band pass filter

Ham truyén dat [6], [16] cua BPF la:

K.Bs
2 2
S*+B.s+w;

Hgee () =
Trong do:
— K 1a h¢ s6 khuéch dai
— s latoan tir Laplace
— B la mot tan sd goc bang 2xfy, f,=f,- f;
— o 1a tAn sb cit
4.3.2. B¢ lpc théng thip (LPF)
Dé han ché nhirng dong dién hai c6 tan sé qua cao nhung bién d6 khong anh
huong dang ké, ta dung bd xu 1y LPF 13 bo loc thong thap (Low pass filter). So d6
mach dién nhu hinh sau [6], [16]:

Hinh 4. 4. So ¢ mach dién LPF
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Ham truyén dat [6], [16] cua LPF la:

K
7S+1

H LPF (S) =

Trong do:
— K =-Ry/R;, 1 hé sb khuyéch dai
— 1=R,C, 1a hing s thoi gian cua b loc

Tan sb cat: f. =i= ! (Hz); o, =2rxf, =1= 1
2rr  27R,C r RC

ChonK =1
Dua vao phé tin hiéu dong dién nguon trén hinh 1.15, hinh 1.16 va hinh 1.17
trong chuong 1, ta thdy cac dong hai tir bac 2 dén bac 60 c6 anh hudng dén hé thong
nén can phai loai bo. Do d6 ta thiét ké LPF co tan so cat f, = 50.60 = 3000 (Hz).
Suy ra hang so thoi gian cia bo loc:

1 1 1

T=—2= = ~5.107°(s)
o, 2rzf, 27.3000
Vay ham truyén dat 1a:
K 1
H LPF (5) =

rs+1 510°s+1
4.3.3. Phwong phdp diéu ché PWM

Phuong phap diéu ché PWM dugc thue hién nhu hinh 4.5 [6], [16]

Tin hiéu sai léch dong sau khi qua bd loc thong thip dugc bo diéu khién xir
1y thanh tin hi€u u, tin hi¢u u so sanh véi song tam giac co tan sb rat cao tao thanh
chudi xung c¢6 chu ki bang Tem gisc Nhung bé rong xung thay dbi phu thudc vao tin
hiéu u. Chudi xung nay qua khau relay tao thanh tin hiéu diéu khién cac van cia

nghich luu.
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117:), QR R o
Tin hiéu ra nrbo

dién khién (u)

........................

Xung tam giac

bewwsssvwevemenshene

.........................................

i=a.b.c A A\

Xung tam giac

Hinh 4. 5. Phuong phap diéu ché PWM

4.4. Mo hinh héa bd loc AF bang phin mém Matlab/Simulink
4.4.1. Khau tach dong di¢n hai BPF
Str dung giai phap tach dong dién hai bang hai bo loc thong dai (Band pass

filter) ndi tiép.

>
Outl
Fo=50Hz Fo=50Hz

A4
A4

2nd-Order 2nd-Order
Filter Filterl
FomSiHz labc_B2 >—p» >t
Out2
From Fo=50Hz Fo=50Hz
» B
f\ I
BPF 2nd-Order 2nd-Order
Filter2 Filter3
4
Fo=50Hz Fo=50Hz outs
» »
: _/_\_ : _/_\_
2nd-Order 2nd-Order
Filter4 Filter5

Hinh 4. 6. M6 hinh khau tach dong dién hai BPF
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4.4.2. B§ loc thong thip LPF

1

D > g €D

5e-5st+1

Transfer Fcn3

1

| LPF el . €2

Transfer Fcnb

CO—» — JED)

5e-5s+1
Transfer Fcné

Hinh 4. 7. M6 hinh khau loc thong thap LPF

4.4.3. Bj diéu khién ANFIS

i

)
=
b

Triangle
—V|§|

-, |
In1 ‘_
>
»| dusdt » > ]
N I ANFIS L Relay
)| €D :I
In2 ‘_
.
? > duidt |—p . —’@'—" —>(CD
»
ANFIS1 L] Relayl Outl
ANFIS3

vy

\4

- |
i3 ]
du/dt ——p» '—’@'_"
ANFIS2 L Relay2

Hinh 4. 8. Md hinh khau diéu khién ANFIS
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4.4.4. Khau AF

boolean 1 i : ,f 1 ,f
boolean o o o
Pulses 4{ V2
| &

. L

B ) T

.. L

- =
jm ﬁm v
%{% 3 4{:% " 4!];55 5
T F

Hinh 4. 9. M6 hinh khau nghich luu AF

45. Ung dung hé mé diéu khién bd loc tich cwe cho 10 niu thép cam wng.
4.5.1. Xay dung bé diéu khién mo
Trong phan nay ta s& xay dung bo diéu khién mo dé diéu khién bo loc tich
cuc AF.
Dau vao bo diéu khién mo nay 13 sai 16ch e = iy - i va dao ham sai 1éch de/dt
(ki hiéu de). Tin hi¢ura la u.
** Mo héa
— Mién gié tri ctia bién ngdn ngit dau vao sai léch duoc chon nhu sau:
e = [-15+15]. Ham lién thudc ctia bién ngdn ngit sai léch nay dugc chon nhu
hinh 4.10.
Me' = [UN(X) pz(X) pp(X)]
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Hinh 4. 10. M héa bién ngdn ngit e
— Mién gia tri cia bién ngon ngi dau vao dao ham sai 1éch dugc chon nhu sau:
de = [-15e4+15e4]. Ham lién thudc cua bién ngon ngir dao ham sai léch nay
duoc chon nhu hinh 4.11.
Hae' = [N(X) pz(x) pp(X)]

pict poires:
FiS Varlsbles Nardarahp fincion slots I 19

N z »

X3

o

-1.5 -1 03 o a5 ) 15

nDit varesi "de” W
Ourrart Variatie Currant Membsersis Funstion (sbck on NF 1o select)
- - —
- i e e —
parae rrpemererereergn | (R [2iw1e0ec /|
Doy flange |[-~ 584008 ¢ $e4008] ' [ oo I ’ Cizae | |

Hinh 4. 11. Mo hoa bién ngdn ngir de
— Mién gia trj ctia bién ngdn ngit dau ra u duoc chon nhu sau:
u = [-1 1]. Ham lién thudc cua bién ngdn ngir dién ap ndy dugc chon nhu

hinh 4.12.
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HuT = [nen(X) un(x) pz(x) pp(X) usp(X)]

FIS Vanables

de

I |

Hembership function plots  Pot points: 181

BH

H

z P Bp

= el i —

an o an
i e

output variable u”

Y T I

Currend Variabie
Pl

Type

Range

Displey Rance

u

oulput

11

(]

Current Membership Funclion (click on MF 1o select)

Name z

Type frimf -
Params [-0.1875 0.00794 0.193]

e | __ O |

Luit hop thanh

Hinh 4. 12. M& hoéa bién ngén ngit u

Vi 3 tap mo clia moi dau vao, ta xay dung dugc 3 x 3 =9 luat diéu khién.

Céc luat diéu khién nay dugc xdy dung theo cic nguyén tic sau:

Néu e bang khong thi u bang khong

Néu e duong va de 4m thi u duong

Néu e duong va de 4m hoic duong hoidc bang khong thi u duwong nhiéu

Néu e am va de duong thi u am

Néu e am va de 4m hoic duong hodc bang khong thi u &m nhiéu

Ta xay dung bang hop thanh nhu sau:

Bang 4. 1. Bang luat hop thanh

e
de N 4 P
N BN P BP
4 BN 4 BP
P BN N BP

Chon ludt hgp thanh Max-Min
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% Gidi mo

Giai mo bang phuong phéap diém trong tam.

osd..-"
= ]
05 e
10"
W (input): & - | 7 (input): de - | T Coutput: u -
W grids: 15 W grids: 15 E
Fet. Input: Plot points: 4 gy Help | Close

Hinh 4. 13. Quan h¢ giira u theo ¢ va de
45.2. Két qud mé phéng trén phin mém Matlab/Simulik khi siv dung bg diéu
khién mo

O So do tong quat caa hé thong dugce trinh bay trén hinh 4.14

out_vi2 In_it
[ Bo dkphat xung
‘ ‘ dk_v12
s (A Ale—sle————clle—a|A P — :
- B—a |+ Outl
(/H\\ ki dk_v34
(R s (R (R i,
L\—q outz

Nguon 3 pha Rs - Ls B1 B2 RI-LI CL co dieu khien Bo NLCH nguon dong Lo nau thep cam ung

FemS0Hz —»! LPF

o N\ o
BPF Fuzzy Logic
h Controller
LPF
Do luong va hien thi ‘ LPF
Pulses
Lt T
T — L+ A
7
diiie L
FFET— L+ c

AF

Hinh 4. 14. So d6 tong quat cta hé thong st dung bd diéu khién mo
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O Thong s6 mo phong

STT Tén c4c khau Théng sb Gia tri
1 Nguén ba pha ba day e f 220V, 50Hz
2 | Dbién tro va dién cam trudc Bl Rs, Ls 0.1Q, 0.03mH
3 bién tré va di€n cam sau B2 R;, L, 0.15Q2, 0.07mH
4 B loc BPF va LPF £ K, 1 0.707, 1, 510s
5 Diéu ché xung PWM &, fi 1, 10kHz
6 B loc AF E.R.C, L 700V, 0.53.1%;,275 10°F,

O Két qua mo phong
% Dién ap ngudn pha A (usA)

usA (V)

r
0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08
Time (s)

Fundamental (50Hz) = 234.6 , THD= 4.30%
20 T T T T T T

=
(&)

Mag (% of Fundamental)
=
o o

0 5 10 15 20 25 30
Harmonic order

Hinh 4. 15. Pho tin hiéu dién ap pha A

Theo két qua phan tich mé phong ta thiy tong d6 méo dang THD cua dién ap
pha A 1a THD=4,3% nam trong gi6i han cho phép ciia tiéu chuan IEEE std 159.



% Dong dién ngudn pha A (isA)

80

r

Mag (% of Fundamental)

20

=
[&)]

=
o

()]

0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08
Time (s)
Fundamental (50Hz) = 765.7 , THD= 2.30%

L

10

L

15

Harmonic order

25

30

Hinh 4. 16. Pho tin hiéu dong diénpha A

Theo két qua phan tich mo phong ta thay tong d6 méo dang THD ciia dong

dién pha A 1a THD=2,3% nam trong gi6i han cho phép cia tiéu chuan IEEE std

159.

Chi tiét ty 18 cac thanh phan song diéu hoa cta dong dién ngudn pha A trudc

va sau khi ¢6 bd loc AF tac dong duoc trinh bay trong bang 4.2.

Bang 4. 2. Ty 1& cac thanh phan song diéu hoa cua dong dién qguén pha A trudc va
sau khi c6 bo loc AF tac dong stir dung diéu khién mo

Ty 1é cac thanh phan séng

Ty 1é cac thanh phan séng

Bic song diéu hoa (%) Bic song diéu hoa (%)
dieéu hoa Trwée khi | Sau khi AF di€éu hoa Trwéce khi | Sau khi AF
AF tic dong tac dong AF tiac dong | tic dong
DC 0.46 0.79 15 0.03 0.06
1 (Fund) 100.00 100.00 16 0.01 0.07
2 0.27 0.57 17 0.82 0.63
3 0.12 0.10 18 0.00 0.06
4 0.06 0.13 19 0.44 0.18
5 13.71 1.50 20 0.02 0.04
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6 0.03 0.04 21 0.04 0.09
7 6.32 0.25 22 0.03 0.12
8 0.07 0.16 23 0.32 0.48
9 0.07 0.05 24 0.02 0.06
10 0.09 0.05 25 0.36 0.19
11 0.60 0.54 26 0.04 0.01
12 0.04 0.09 27 0.02 0.02
13 1.03 0.07 28 0.03 0.16
14 0.02 0.11 29 0.18 0.32

Theo bang 4.2 thi tit ca cac thanh phin song hai déu thoa mén tiéu chuin
IEC 1000-3-4
4.6. Ung dung hé¢ mo noron diéu khién bd loc tich cwe cho 10 niu thép cim

urng.

O phan trén (myc 4.5) ta da thiét ké bo diéu khién s dung phuong phap mo
dé diéu khién bd loc AF. Trong phan nay ta xay dung bd diéu khién mod noron hoc
thong sd thong qua mang thich nghi dya trén co so hé suy luan mo (Adaptive
Network-based Fuzzy Inference System — ANFIS). Dé thiét ké bo diéu khién
ANFIS nay ta chi can thém chirc ning hudn luyén mang & phan diéu khién mo.
4.6.1. Xdy dwng tdp dit ligu hudn luyén

Dé xay dung dir liéu huyén luyén, ta st dung dir liéu tir b diéu khién mo
diéu khién bo loc tich cuc AF (& muc 4.5). Trong qua trinh thuc thi diéu khién bd
loc AF str dung hé mo, ta tién hanh thu thap dir liéu vao ra, sau do tién hanh phan
tich, danh gia va cudi cung 1a dua ra quyét dinh stra doi dir liéu cho phu hop.

Vi dy: khi sir dung bo diéu khién mo tai thoi diém dau vao e=12.0058 va
de=-10098, thi dau ra u c6 gia trj u=0.82 trong khi d6 dé bu hai tét, chinh xac thi ta
chi can u=0.75 nhu vAy ta phai thay d6i lai gia tri u nay bang 0.75 cho phu hop. Ta
xem xét cac cap dir liéu dé sitra d6i tmg voi cac gia trj didc trung trong qué trinh diéu
khién. Ctr mdi tap dir liéu stra doi ta c6 duoc mot tap dit lidu dung dé huin luyén
dudi dang ((e;j, dej), Uj).

Dit lidu nay duoc luu trong file excel véi tén “trndata.mat” (xem & phan phu

luc).
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4.6.2. Str dung cong cu ANFIS trong Matlab thiét ké hé mo noron diéu khién bj
loc tich cwe AF cho 1o niu thép cim vrng.
O So db téng quat cua hé théng st dung cong cu ANFIS duoc trinh bay trén
hinh 4.17

[ B0 dk phat xung
‘ dk_v12
Outl
/

——y—

ANFIS

Do luong va hien thi ’ LPF

ssssss
! : -

AF

Hinh 4. 17. So d6 tong quat ctia hé théqg khi sir dung cong cu ANFIS dé diéu
khién
Q Tai dit liéu huyén luyén
Dé tai dit liéu tir thu muc chira tep dir ligu huin luyén “trndata.mat” (xem tép
trndata.mat & phu luc 1) vao vung lam viéc ctia Matlab, tir ctra s6 1énh ta g0 Iénh
nhu sau:
load trndata.mat
O Mo caa sb soan thao ANFIS GUI (ANFIS EDITOR GUI)
Mé cta sb soan thao ANFIS GUI béng cach: tr cira s6 1énh cua Matlab, ta
thuc hién dong Iénh sau:
anfisedit
Sau khi ta thyc hién 1énh trén s& xut hién cira s6 soan thao ANFIS GUI nhu

trén hinh 4.18.
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.
Anfis Editor: Untitled [ESREER

File Edit View
— &MFIS Info. —
1r
# of inputs: 1
08¢ # of outputs: 1
# of input mfs:
06¢ 3
0.4¢
0.2¢
Structure
U 1 1 1 1 1
0 0.2 0.4 06 0.8 ==

[ Loaddsta — | [ enetateFIS — [ TrainFI=S 1 TestFls ]
Type: From: Opatitn, Method:
. Load from file hybrid - Plot against:
@ Training
X @ file Load from waorksp. Error Tolerance: @ Training data
Testing
] @ Grid partition 0 Testing data
Checking worksp. Epochs:
Sub. clustering 3 Checking data
Dema
Load Data... | Clear Data Generate FIS .. | Train Mow | Test Now |
‘ ‘ ‘ | Help | | Close | |

Hinh 4. 18. Cira s6 soan thao ANFIS GUI
Ta tién hanh nhap dit liéu huan luyén bang cach: Trong khung Load data ta
chon Training va worksp, sau d6 bam chon nat Load data, mot cira s6 GUI nho
hién ra cho phép nhap tén dir li€u tir workspace, thuc hién dua tén dir li¢u trndata
sau d6 ta nhan nat OK

Xuét hién ctra s6 v6i dit liéu luyén tdp duoc mo ta nhu trén hinh 4.19

Anfis Editor: fismatrix o [ =] R
File Edit View
Training Data (ooo) — ANFIS Info. -

# of input: 2

# of outputs: 1
# of input mfs:
33

Output

Structure
-1 L L L L | ! L N
0 20 40 60 80 100 120 0 160 1g0 | — CerPet |

data set index

Load data — | [ GenerateFIS — | TrainFl= [ TestFIs ]
Type: Fram: Optim. Methacl:
Load from file i inst:
@ Training hybrid - Plot sgainst:
Error Tolerance: i
Tesi file Load from worksp. @ Training data
) o Grid partition 0 Testing data
Checking @ worksp. Epochs:
Sub. clustering 3 Checking data
Dema
Load Data... Clear Data Generate FIS ... | Train Now | Test Now |
a nevy fiz generatedd ‘ ‘ | Help | | Close | ‘

Hinh 4. 19. Ctra s6 huan luyén trong cira s ANFIS EDITOR
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QO Chon céc thong sb ban dau cho ANFIS
Budc ndy ta chon cac thong s ban dau cho FIS va cac thong sd ban dau cho
cac ham lién thudc.
— Tao FIS ban dau cho ANFIS
Ta tao trudc cac thong sd ban dau cho FIS va luu thanh tép setpara.fis (xem
trong phan phu luc). Ta tién hanh tai thong sé ban dau cho FIS trong danh muc
Generate FIS.
Chon Load from file trong danh muc Generate. Sau d6 bam vao nut Load...,
s& xuat hién ctra s6, & d6 ta truy cép vao dudng din chua tép cai dat setpara.fis (xem
tép setpara.fis ¢ phu luc 2)

QO Cau tric cia hé thong suy dién mo

Anfis Model Structure = || = | &R

input inputmf rule outputmf output

Logical Operations
and

. or

not

Click on each node to zee detailed information [ Update | | Help [ Close

Hinh 4. 20. Ciu trac cta hé théng suy dién mo
O Huin luyén ANFIS
Ta chon céac thong s6 huan luyén va phuong phap huan luyén trong danh

muc Train FIS
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— Chon phuong phéap huén luyén cho ANFIS theo theo phuong phap hdn hop
giita binh phwong cuc tiéu va lan truyén nguoc hybrid
— Chon sai 1éch cho phép bang 0
— Chon chu ky huén luyén 13 10
Sau khi chon xong phuong phap huan luyén va cac thong s6 hudn luyén, ta
tién hanh hudn luyén bang cach bam vao nat Train Now trong danh muc Train FIS.

Qua trinh huan luyén duoc thyc hién ta c6 két qua nhu hinh sau:

Anfis Editor: fisratrix = || =) ES
File Edit View
Training Error — AMFIS Info. —
16
# of inputs: 2
1r # of outputs: 1
# of input mis:
. 05&r 33
=
T
O * * * * * * * * *
N5+
Structure
_'1 1 1 1 1 1 1 1 1 1 Cleﬂr Plﬂt
1 2 3 4 5 6 7 8 4] 10 g
Epochs
Load data — | [ GenersteFIS — [ TrainFI= — 1 TestfIS ]
Type: From: Optim . hethodk:
o Training @ Load from file hyhric - Plot against:
. file Load from worksp. Errar Tolerance: @ Training data
Testing
_ Grid partition 0 Testing data
Checking @ worksp. Epochs:
Sub. clustering 10 Checking data
Dema
Load Data... Clear Data Load ... Train Now |
Epoch 10 error= 000080697 | Help | | Close

Hinh 4. 21. Két qua huan luyén

Quan sat hinh trén ta thay sau 10 chu ky huan luyén thi sai léch huan luyén I3
0.00080697 = 0.
Sau khi huan luyén xong ta xuit ma tran FIS ra véi tén fismatrix.fis luu trong
thy muc MOPHONG dé chay mé phong hé thong.
O Két qua mo phong v6i ANFIS
Sau khi c6 ma tran FIS fismatrix.fis ta tién hanh mo phong hé thong, va két

qua dat dugc nhu sau:
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% Dién ap ngudn pha A (usA)

usA (V)

:
0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08
Time (s)

Fundamental (50Hz) = 234.8 , THD= 3.99%

T U U U U

20 T

=
a1
I

Mag (% of Fundamental)
=
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T T

L L L -
10 15 20 25 30
Harmonic order

Hinh 4. 22. Pho tin hiéu dién ap pha A

o

Theo két qua phan tich mo phong ta thay tong d6 méo dang THD cuia dién ap
pha A 1a THD=3.99% nam trong gidi han cho phép cua tiéu chuan IEEE std 159.
% Dong dién ngudn pha A (isA)

500
0
-500
0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08
Time (s)

Fundamental (50Hz) = 760.2 , THD= 1.28%
3 3 T 3

20

Mag (% of Fundamental)
= =
o [$)]

(6]

- L L L -
10 15 20 25 30
Harmonic order

Hinh 4. 23. Pho tin hiéu dong diénpha A
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Theo két qua phan tich moé phong ta thiy tong d6 méo dang THD cua dong
dién pha A 1a THD=1.28% nam trong gidi han cho phép cia tiéu chuan IEEE std
159.

4.7. Kétluan chwong 4

Trong chuong nay luan van di xac dinh clu trac bo loc AF, xac dinh cac
thong sd cua bd loc. Xay dung céu tric diéu khién cho bb loc, str dung hai phuong
phap diéu khién 1a mo va md noron. Ap dung 1y thuyét cua hai phuwong phap diéu
khién nay vao viéc diéu khién bo loc AF. Qua do tién hanh mé hinh héa b6 loc va

mo phong toan bd hé thdng véi hai phwong phéap diéu khién trén.



88

Chwong 5 - PANH GIA KET QUA PAT PUQC
5.1. DAanh gia két qua dat dwoc khi sit dung hé mo noron
Dé tién cho viéc danh gia va so sanh cac két qua dat dugc, ta tién hanh phan
tich k¥ thém vé két qua mo phong & chuong 4.

Ta xem xét dong dién pha A trude va sau diém ndi chung AF véi hé thong 16

600 7 7N

— 7N 7Y

N / \\ / \\

| /

AN N I I

g - ) )

NN/ N/ /
WA D/

Hinh 5. 1. Dong dién tai ija va dong dién nguon isa

Fundamental (50Hz) = 764 , THD= 15.22%
15 T T T T T T -

Mag (% of Fundamental)

0 5 10 15 20 25 30
Harmonic order

Hinh 5. 2. Phé tin hiéu ctia dong dién sau diém nbi chung ija

Fundamental (50Hz) = 760.2 , THD= 1.28%
15 T T T T T T

Mag (% of Fundamental)

0 5 10 15 20 25 30
Harmonic order

Hinh 5. 3. Phd tin hiéu cta dong dién pha A trude diém ndi chung iga
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Dé d& dang quan sat ta gdp hai so dd phan tich phd dong dién & trén thanh

mot so do chung nhu hinh sau:

milA QisA THD,,=15.22% ; THD,,=1.28%
15
T
5
£10 T
©
©
f=
2
3}
§ 5 """"""""""""""""""""""""""""""""
&
=
O I T T T T T |l=1_FL| T T |L| |._| T T |-_| |-_'| T T T
0 5 10 15 20 25
Harmonic order

Hinh 5. 4. Pho tin hiéu ctia dong dién isa VA ija

Qua hinh 5.4 ta dé dang nhan thay tong d6 méo dang cta dong dién tai sau
diém ndi chung ija 12 THD;a=15,22% vuot qua gidi han tién chuin cho phép IEEE
std 159 (<5%), trong khi d6 tong d6 méo dang cua dong dién nguén trude diém nodi
chung THDjsa=1.28% dat tiéu chuan cho phép cua tiéu chuan IEEE std 159.

Chi tiét timg thanh phan séng hai trong hinh 5.4 ta thay:

Thanh phan hai bac 5 ctua dong dién ija 14 rat 16n, vuot qua mdc 10, con
thanh hai bac 7 vuot qua mbc 5. Hai thanh phan déu ndm ngoai gidi han cho phép
ctia tiéu chuan IEEE std 159. Trong khi d6 thanh phan hai bac 5 va bac 7 cta dong
dién nguén isa déu ndm dudi mbc 5 thoa man tiéu chuan IEEE std 159.

Nhu vay theo ti€u chuan IEEE std 159 thi bo loc AF dat yéu cau

Pé xét thém tiéu chuan loc song hai IEC 1000-3-4, ta xem xét ty 1& cac thanh

phan song hai trude va sau diém ndi chung duoc liét ké ¢ bang 5.1
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Bang 5. 1. Ty 1é cac thanh phan song diéu hoa cua dong dién ngudn pha A trude va
sau khi c6 bg loc AF tac dong st dung diéu khién ANFIS

Ty 1€ cac thanh phan séng Ty 1€ cac thanh phan séng
Bic song dieu hoa (%) Bic song dieu hoa (%)
dieu hoa Trwée khi | Sau khi AF dieu hoa Trwée khi | Sau khi AF
AF tac dong tac dong AF tiac dong | tic dong
DC 0.43 0.70 15 0.03 0.01
1 (Fund) 100.00 100.00 16 0.02 0.02
2 0.29 0.47 17 0.84 0.18
3 0.12 0.21 18 0.01 0.03
4 0.08 0.14 19 0.48 0.08
3) 13.73 0.95 20 0.03 0.01
6 0.02 0.06 21 0.03 0.00
7 6.33 0.29 22 0.02 0.05
8 0.06 0.09 23 0.33 0.10
9 0.06 0.04 24 0.01 0.02
10 0.06 0.07 25 0.36 0.13
11 0.66 0.11 26 0.02 0.05
12 0.02 0.00 27 0.01 0.01
13 1.06 0.15 28 0.02 0.02
14 0.00 0.05 29 0.19 0.09

Theo bang 5.1 ta thiy cic thanh phan séng hai bac bac 5, 7 giam di mot cach
dang ké, cac thanh phan hai bac 1¢ khac déu nam dudi 1% sau diém ndi chung. Cac
thanh phan bac chin sau khi c6 b loc ciling giam di dang ké, tuy c6 mot sd thanh
phan ting 1én nhung khong dang ké.

Péi chiéu véi tiéu chuan IEC 1000-3-4 cho ¢ bang 2.3 ta thiy tat ca cic
thanh phan hai déu nim trong gidi han cho phép cua tiéu chuan.

Nhu vay bo loc tich cuc AF da dap ung duogc cac tiéu chuan vé song hai da
néu o trén.

5.2.  So sanh két qua dat dwoc

Trong muc 4.5 cua chuong 4 ta théy, khi str dung bd diéu khién mo thi bo loc
1am viéc kha tdt, dap ing dugc voi hai tidu chuan loc song hai IEEE std 159 va IEC
1000-3-4. Pé tién so sanh ta xét so d6 phan tich phdé dong dién pha A trong hai

phuong phap diéu khién mo va diéu khién mo noron nhu hinh 5.6.
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|
0.04
Time (=)

ANFIS

isA (V)

|
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Hinh 5. 5. Dang song dong dién nguon isa trong hai truong hop sir dung bo diéu
khién mo va diéu khién ANFIS

THD,,=15.22% ; THD, , 3,s=1.28%; THD,, anris=1.28%

milA E1isA.ANFIS EisA.Mo
15

10

Mag (% of Fundamental)
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Harmonic order

Hinh 5. 6. Pho tinh hiéu cta séng dong dién ngudn trong cac truong hop sir dung
dieu khién mo va diéu khién ANFIS
Theo phan tich trén hinh 5.6 ta thdy, tong d6 méo dang dong dién cia bd
diéu khién mo 1a THDyg = 2.3%, cia ANFIS 1a THDanris = 1.28%, ca hai phuong

phap diéu khién déu dat yéu cau cac tiéu chuan. Tuy nhién ta thiy tong d6 méo
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dang dong dién trong bo diéu khién ANFIS thap hon, déng nghia véi viéc ANFIS
d3 huan luyén, thay ddi cac tham sb tot tir dit liéu hudn luyén dau vao. Ta dé dang
nhan thiy dang séng dong dién ngudn khi sir dung ANFIS “min” hon, khong con bi
giy khuc trong chu ky dau nhu khi sir dung bo diéu khién mo.

Dé chinh x4c trong viéc danh gia, ta 14p bang thong ké cac song hai bac cao
trong hai trudng hop didu khién mo va diéu khién mo noron nhu sau:

Bang 5. 2. Théng ké cac thanh phan séng hai bac cao trong hai trudng hop diéu
khién m¢ va di€u khién mo noron

o .. Hai cta dong dién nguﬁn isa tinh theo % thanh phén co ban
Bac song hai . A < A < N
Chua co AF Diéu khién ANFIS Diéu khién mo
1 100 100 100
5 13.73 0.95 15
7 6.33 0.29 0.25
THD 15.22 1.28 2.3

Tir bang 5.2 ta thdy THD cuia hai phuong phap diéu khién déu dat tiéu chuan
IEC 1000-3-4 va IEEE std 159. Trong d6 phuong phap diéu khién ANFIS dat két
qua rat kha quan 1.28%, thanh phan hai bac 5 giam di mot cach dang ké tir 13.73%
xudng con 0.95%.

5.3. Két luan chwong 5

Trong chuong nay luan van da danh gia bd loc tich cuc AF str dung bo diéu
khién ANFIS, bd loc AF d3 thiét ké dap tng voi hai tiéu chudn IEEE std 159 va
IEC 1000-3-4.

Ngoai ra trong chuong nay luan vin con so sanh phuong phép diéu khién
ANFIS va diéu khién mo, qua d6 ta thiy duoc ca hai phuong phap déu khién dat
yéu cau hai tiéu chuan IEEE std 159 va IEC 1000-3-4, tuy nhién kha ning diéu
khién ANFIS loc song hai tét hon, tong d6 méo dang THD giam mot cach dang ké.
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KET LUAN VA HUONG PHAT TRIEN CUA PE TAI

Thong qua dé tai “Ung dung h¢ mo noron diéu khién bd loc tich cuc cho 10
nau thép cam ung” luan van da thuc hién duoc cac vén dé sau:

- Tim hiéu vé 10 niu thép cam tng, mo hinh héa mé phong hoa 10 niu thép
cam tng, thong qua d6 phén tich anh hudng cia séng hai do 16 niu thép cam tng
gay ra. Ngoai ra dé tai con di phan tich chi tiét song hai ciia mot sb bo bién doi dién
tlr cOng suat gay ra cho ludi dién, tir 46 danh gia duge muc d6 anh hudng cia ching
Ién ludi dién.

- Nghién ctru, tim hiéu vé song hai, nguyén nhan, tac hai va cac phuong phap
loc song hai. Cac tiéu chuan gidi han song hai qudc té ma Viét Nam dugc ap dung,
cu thé 1a hai tiéu chuan IEEE std 159 va IEC 1000-3-4.

- Nghién ctru, tim hiéu vé 1y thuyét diéu khién mo, mang noron va 1y thuyét vé
hé mo noron.

- Ung dung hé m¢ noron dé thiét ké diéu khién bd loc tich cuc AF cho 16 niu
thép cam mg. Mo hinh hoa va mo phong toan bd hé thong thong qua phan mém
Matlab, tir d6 danh gia dugc b loc tich cuc AF da thiét ké.

Qua qua trinh nghién ctru, tim hiéu va thiét ké. Luan van d3 thuc hién viéc
mo hinh héa mé phong toan b hé thong théng qua phan mém Matlab, két qua cho
théy bo loc tich cuc AF da thiét ké 1am viéc rat tét, dong dién nguén sau khi loc co
téng do méo dang THD dat tiéu chuan cho phép cua ti€u chuan IEEE std 159 va
IEC 1000-3-4. Qua qué trinh thiét ké va st dung hé mod noron ANFIS ta thiy
phuong phap nay rat kha quan, can dugc nghién ctru va ing dung nhiéu hon nira.

Tuy nhién vi thoi gian nghién ciu con han ché, dé tai lién quan dén nhiéu
mang con mdi la, nén luan vin chua tim hiéu nghién ctru hét cac wu diém giai phap
tach dong hai bang cac phuong phap khac, chinh vi vay ludn vin c6 thé chua chon
dugc phuong phap tach song hai téi wu. Va mot diéu nira 1a dé tai chua nghién ciru
thir nghiém trén thiét bi thuc té. Do 1a cac van dé can duoc khic phuc va tiép tuc

nghién ctru trong thoi gian dén.
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PHU LUC

% Phu luc 1: Dit liéu huan luyén

Tép tin “trndata.mat”

11.538
11.447
11.347
11.246
11.104
10.942
10.818
10.544
10.489
10.109
9.861
9.675
9.489
9.249
9.202
8.529
8.317
8.153
7.904
7.705
7.520
7.307
7.132
6.932
6.504
6.306
6.101
5.906
5.706
5.519
5.326
5.127
4.907
4.723
4.572
4.312
4111
3.765
3.524
3.329
3.111
2.924
2.713
2.503
2.311
2.100

7683.073
-22604.539
60910.691
-50274.513
71370.999
-75979.250
82400.624
-99625.628
94852.442
107358.210
-72083.402
-46527.736
-46537.547
109430.770
-71710.884
-83470.300
139169.385
-7621.290
-5037.171
22753.626
-48182.959
-53073.279
-36555.888
-77813.698
-41457.772
11231.054
39199.387
4389.211
-28844.131
-52718.671
-12730.126
-56919.261
-17497.084
21593.642
-8852.363
-62023.111
-50159.275
-10843.643
-17942.091
18442.887
-6913.578
219143.356
-11204.754
31319.692
-63211.255
84980.812

0.797
0.770
0.789
0.761
0.769
0.770
0.746
0.763
0.720
0.696
0.728
0.716
0.710
0.661
0.703
0.673
0.624
0.696
0.691
0.699
0.643
0.632
0.637
0.599
0.608
0.647
0.633
0.627
0.587
0.552
0.588
0.527
0.563
0.580
0.556
0.472
0.479
0.511
0.489
0.505
0.477
0.506
0.447
0.452
0.329
0.373

1.703

1.501

1.305

1.102

0.900

0.700

0.519

0.323

0.124

0.018

0.010
-0.167
-0.396
-0.584
-0.795
-0.994
-1.198
-1.331
-1.509
-1.770
-1.988
-2.107
-2.396
-2.593
-2.795
-2.999
-3.199
-3.336
-3.593
-3.795
-3.997
-4.200
-4.398
-4.591
-4.977
-4.999
-5.195
-5.390
-5.598
-5.798
-5.997
-6.194
-6.399
-6.599
-6.792
-6.998

-26187.224
-37984.049
-22867.401
45255.559
-34258.365
26310.303
-5490.128
34760.604
-34724.802
97313.494
43457.723
-23237.275
-24460.613
57250.073
-54057.924
31881.227
-8842.845
25262.223
-46142.308
-65285.571
-9748.342
-16420.982
49423.703
65439.735
-15738.655
90973.028
-21210.804
-29734.128
24418.419
30307.909
37533.829
53316.997
62740.481
-58453.185
56169.515
75248.740
-42183.114
-22185.880
3454.722
-20985.823
162739.607
74566.959
31952.298
-43943.710
30095.576
-12266.925

0.355
0.317
0.317
0.292
0.226
0.141
0.103
0.004
0.076
-0.006
-0.057
0.029
0.030
-0.028
0.054
0.083
0.105
0.126
0.039
-0.038
0.062
0.043
0.058
0.044
-0.020
0.022
-0.065
-0.091
-0.059
-0.074
-0.089
-0.100
-0.112
-0.266
-0.165
-0.153
-0.276
-0.260
-0.251
-0.292
-0.111
-0.253
-0.301
-0.391
-0.335
-0.380



1.901
-7.178
-6.792
-6.998
-7.099

-12.099
-7.298
-7.400
-7.493
-7.599
-7.699
-7.796
-7.801
-7.808
-7.899
-7.985
-8.079
-8.193
-8.299
-8.396
-8.496
-8.591
-8.699
-8.798
-8.887
-8.992
-9.099
-9.200
-9.296
-9.396
-9.498
-9.599
-9.687
-9.799
-9.896
-9.990

-10.100

-10.193

-10.293

-10.396

-10.499

-10.595

-10.684

-10.782

-10.884

-11.099

-11.174

-11.287

-11.400

-11.474

-28755.289
-46929.710
30095.576
-12266.925
-26520.562
-884.257
-76303.664
-62273.363
22770.340
24893.345
50144.025
83943.106
1797.089
-11165.810
75550.335
15416.265
-92796.798
32204.757
49073.216
-54325.010
13255.801
-3512.555
-880.139
5686.964
40799.472
31932.722
-7531.488
103159.463
10741.891
-35144.476
1204.813
51765.896
34396.347
27203.238
-61180.196
4373.251
120622.106
76529.653
-42147.296
3236.924
61172.932
-14092.548
55945.884
55045.935
-55570.018
10365.113
-13143.051
-1966.698
41309.312
-3724.292

0.366
-0.440
-0.335
-0.380
-0.403
-0.737
-0.518
-0.487
-0.396
-0.403
-0.397
-0.372
-0.432
-0.442
-0.390
-0.439
-0.612
-0.447
-0.445
-0.538
-0.479
-0.495
-0.501
-0.505
-0.496
-0.508
-0.534
-0.458
-0.540
-0.577
-0.558
-0.544
-0.560
-0.571
-0.643
-0.592
-0.502
-0.570
-0.643
-0.621
-0.606
-0.642
-0.624
-0.632
-0.693
-0.668
-0.680
-0.683
-0.682
-0.696

-7.099
-12.099
-11.598
-11.697
-11.798
-11.885
-12.495
-12.595
-12.696
-12.799
-12.880
-12.996
-13.089
-13.195
-13.269
-13.388
-13.496
-13.596
-13.689
-13.799
-13.893
-13.970
-14.006
-14.176
-14.375
-14.589
-14.851
-14.965
-15.001

-26520.562
-884.257
11078.277
76091.383
-54512.124
-25172.451
-17704.603
51522.549
-44403.761
-52135.560
-64731.707
52660.807
-5826.533
-2162.810
-28977.195
40206.872
-56679.227
-31444.992
8065.146
15871.979
-29964.163
-38615.562
-55395.992
60505.374
60583.974
23630.872
-39313.251
-10749.000
39053.172

-0.403
-0.737
-0.702
-0.685
-0.745
-0.731
-0.766
-0.765
-0.789
-0.799
-0.811
-0.793
-0.801
-0.808
-0.817
-0.822
-0.839
-0.837
-0.840
-0.848
-0.854
-0.860
-0.866
-0.875
-0.890
-0.901
-0.910
-0.917
-0.932



% Phu luc 2: Cai dit tham sb FIS ban dau

Tép tin “setpara.fis”

Ham lién thudc va su phan bd gia tri dau vao thi nhat (e): inputl

FIS Variables Membership function plots P19t points: 181
in1mf1 intmf2 in1mf3

) | )

A

iniuﬂ output

input2

1 1 1 1
input variable "input1”
Current YVariakle Current Membership Function (click on MF to select)
hame inpLitt Nams i1 mf2
Type input Type gaussmf -
Params
[0.50

Range [-1515]
Display Range [-1515] Help Close
Ready

r \
\ [N A \ A A 7 < A \ Ja - -
Ham lién thudc va sy phan bo gia tri dau vao thir hai (de): input2
. = = plot points:
FIS Variables Membership function plots 181
in2mf1 in2Zmf2 in2mf3
inputi output
input2
1 1 1 1 1 1
input variable "input2”
Current ariakle Current Memkbership Function (click on MF to select)
Name inpLit2 Mame inzmf2
Type input Type gaussmf -
Params
[7.099e+004 -2.0352+004]
Range [-1.575+005 1 463
Display Range [-1 5752+005 1 468 Help Close
Selected variable "input2"




Sy phén bd gia tri ddu ra u (& mic dinh): output

Display Range

FIS Variables Membership function plots  PIot points: 181
out1mfs
outimid
inputl  output outimfa
out1mf3 outimia
input2 outimf2 outimf?
outimf1 out1mfg
output variable "output”
Current Yariable Current Membership Function (click on MF to select)
Mame output Mame outt mf1
Type autpLt Type linear -
Params
aoa
Range [-11] [ 1

Help Close

Selected varishle "output”

Luat hop thanh (dé mic dinh)

el

If {input1 is in1mf1) and (input2 is in2mf1) then (output is outtmf1) (1)
If {input? is in1mf1) and {input2 is in2mf2) then (output is out1mf2) (1)
If {input? is in1mf1) and {input2 is in2mf3) then (output is out1mf3) (1)
If {input1 is in1mf2) and (input2 is in2mf1) then (output is outimfd) (1)
If {input? is inTmf2) and (nput2 is in2mf2) then (output is out1mfs) (1)
If {input? is in1mf2) and (input2 is in2mf3) then (output is out1mfa) (1)
If {input? is in1mf3) and {input2 is in2mf1) then (output is out1mi7) (1)
If {input? is in1mf3) and {input2 is in2mf2) then (output is out1mfs) (1)
If {input1 is in1mf3) and (input2 is in2mf3) then (output is outdmfa) (1)

If and
input! is input2 is

in2mf1
intmf2 in2mf2
il mf3 in2mf3
none nane

[] nat "] nat
— Connection Weight;

) or

@) and 1 Delete rule Add rule | Change rule |

FIS Mame: fismatrix

‘ ‘ Help |
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