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Tom tat:

Nghién cltu cac yéu t6 tac dong dén hé truyén dong bam tram dién nang lugng mat trgi cé y nghia
quan trong.

Bai bao trinh bay phuong phap st dung bd diéu khién Fuzzy-PID nhdm nang cao chéat lugng qué trinh
bam theo vi tri mat trdi thdng qua viéc tu’ chinh dinh thich hgp cac tham s6 cla bd diéu khién PID
trong qua trinh van hanh hé théng tram pin mat trai, tir dé tén dung t6i da ngudn nang lugng dién.

T khoa:
Nang lugng mét trdi, dong co dién mét chiéu, bd diéu khién, fuzzy.
Abstract:

This paper has presented research, built PID-fuzzy controller to improve the quality of the solar
tracking system by adjusting the parameters of PID controller during operation of the solar battery
station, thereby making the most of electric power.

Keywords:

Solar energy, DC electric motors, controllers, fuzzy.

1. MO DAU

Nghién ctou tGng dung cic dang nang
lugng sach noi chung va nang lugng mat
troi noi riéng ludn 1a van dé& duoc quan
tAm clia cac nudc trén thé gidi [1]. Trong
d6, cac van dé ky thuat dé thuc hién nhan
duoc hiéu suét cao nhat tir birc xa cua mat
tro1 luon khong ngung dugc nghién clru
va phat trién. Lién quan dén van dé nay,
c¢6 hai huéng duoc dé cap dén, d6 1a dua

trén dic tinh V-A cta tim pin mat troi, su
dung cac thuat toan va ky thuat dé bam
bit diém cong suit cuc dai [12, 13] va
mot hudng khac do 1a tdc dong vao hé
truyén dong diéu chinh vi tri ca dan pin
sao cho tia tdi tor mat troi ludn vudng goc
v6i dan pin. Tuy nhién, dé nang cao chat
lugng qua trinh bam theo vi tri mat troi
thi vin d& bu nhiéu 1a rit quan trong. Va
trong bai bao ndy giai quyét van dé trén.
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2. TONG HOP HE TRUYEN PONG BAM
NANG LUONG DIEN MAT TRO'I VO
CAU TRUC 1 VONG DPIEU KHIEN
DUNG BO DIEU KHIEN PID

Véi viéc xem hé truyén dong bam tram
dién nang luong mat tro1 1& mo hinh lién
két dan hoi hai khdi luong va tinh phi
tuyén co ban 1a khe ho trong bd truyén
dong banh ring truc vit, ta ¢6 so dd chirc
ning tong quat nhu sau [9], [10]:

F COIRE 'wﬂ?

Hinh 1. So dd chirc nang cau tric mét vong
truyen dong bam tram dién mat troi

DBéi voi dong co mot chiéu kich tir doc lap
(theo chic ning truyén dong) la hai
phuong trinh vi phan véi gia thiét st dung
da biét [10]:

dAw,,
AT, — (1)

Trong do:

Ay tbe dd quay phan Gmg dong co;

AM: gia s6 momen quay ctia dong co;
AM,: gia s6 momen tai;

S hé sb6 do ctng déc tinh co;

Ty hang s thoi gian dién co.

Phuong trinh mémen c6 dang [4], [6],
[10]:

am

k
I —= A ——LpAw—-AM
M pAU o @)

Trong do:

AUpp: gia sO dién ap trén dau ra bo bién
doi;
T,: hang so dién tu phan ung;
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K, hé $b (K, = 1/ry); ry: dién tréd mach
phan ung dong co.

Phuong trinh vi phan cia bo bién dbi dién
ap s€ co dang [10]:

dAU,,
Ta 7 KBDKDLAQHI() KBDKDLTOIAa)mct (3)
- KBDKDLA‘gmcz
Trong do:

Kgp: hé s truyén ctia bo bién déi;

Kpr: hé s6 khuéceh dai bo do luong;

Tor: hing s& thoi gian cua khau hiéu
chinh;

Brao: gOC quay dit trudc cia truyén dong
bam;

Oner: gOc quay truc chap hanh.

Goc G, cla truc chép hanh c6 thé biéu
dién boi phuong trinh [7]:

dAb,

mct = A ) 4
s - na, )
Trong do:

Ay gla sb tbc do goc truc chép hanh.
Phuong trinh vi phan cho @, dugc viét
nhu sau [6], [7]:

dAG

dt'" Lt A, =AM |+ AM ®))

Trong do:

AMy: gia s6 mémen goc quay;

AM: gia s6 mdémen quay cua truc;

Biner: he s6 ma sat cua truc;

Tt hr:ing sb thoi gian.

Phuong trinh vi phdn momen AMy co tinh
dén tuyén tinh héa diéu hoa cho khau
truyén dong véi ving khong nhay va cé
tinh dén hé s6 C s& c6 dang [6], [10]:

dAM

, . dAw
L=Cuyq(a)l|T d 1 Ao,
= Cao) [ 1450 s s |

S ) (6)
K. hang so ty 1¢ giira stic dién dong va toc '(To dAD,, | o th
do goc dong co; dt
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Trong do:

C : hé s0 dan hoi

a(a) =k—%[arcsin(§j+§@} (7)

Nhu vay, hé théng phuong trinh vi phan
tuyén tinh hoa mé ta dong hoc cua qua
trinh truyén dong bam tram di¢n mat troi
s& c6 dang:

dao, _ 1o Loy

a  pT, AT,
dAM k,
7 = Kaﬂ'AUBD —ZACUM —AM,
dAUBD — KBDKDL A6 _ TE)IKBDKDL AC{) _

dt TE) vao 7;) mct

_ KBDKDL A@
. mel ( )
8

demct — Aa)maa

dt
dAw

dtm :TL(AM}’ + AMB) _%Awm,

mct mct

dAM .
= Cafa) (540 0, )

dt
- (T;) dAmet + Aa)mctj]
dt

Trén co s& hé phuong trinh (8), ta c6 so

Hinh 2. So’ db c4u tric mét vong diéu khién
truyén dong bam tram dién mat troi

Trén co s& so d6 ciu trac hinh 2 va hé
phuong trinh vi phan tuyén tinh héa (8),
bd diéu chinh vi tri v&i mot vong diéu
chinh dugc tong hop theo tiéu chudn téi
vu ddi xtmg PID. T so d6 céu tric, ¢6 so

d6 mo phong trén Matlab va két qua mo
phdéng nhu sau:

S6 liéu dau vao ciia mo phong dé dat két
qua dau ra nhu hinh 4, 7, 17 1a goc léch
giita tAm pin mit troi va tia sang mat troi,
va tin hiéu nhiéu dau vao 1a gio.

Khéi dau vao tin hiéu nhidu, & day la
mdémen tac dong cua gid. Tinh toan tai
trong gi6 cho mdi hé théng cu thé 1a van
dé phuc tap, vi yéu cau tinh toan khong
chi theo dic diém khi twong cta khu vuc
noi duoc khai thac van hanh, ma con theo
dic diém cua dia hinh cu thé. Pdng thoi 1a
su anh huong cua viéc phan bd hé théng
canh céc tda nha va cdc cong trinh nhan
tao, cac chuong ngai vat tu nhién, anh
hudng cia cac phan tir cau tric cia chinh
hé théng va trén su phan phdi luu lugng gio.

Tai trén hé truyén dong bam tac dong cua
216 hinh thanh theo 2 kha nang [11]:

a. Tao ra mOémen quay ctia tAm thu anh sang.
b. Tao ra ap luc 1én tAm thu anh sang, tir
do6 lam tang lyc ma sat trén cac 6 bi.

Cach tiép can ¢ day 1a cho phép thuc hién
don gian hoa viéc tinh toan tai trong gio
va dua n6é dén dang chung nhat, ma khong
di sau vao sy dic biét cua cau triic phan
bd va cau tric cua ting h¢ thong.

Nhu vay, khi tinh todn cong suit dong co
bam, mémen quay tai trong giod tdc dong
lén tdm thu phing chit nhat co thé xac
dinh theo cong thirc:

Mgio :%YMCMoSlkWo

(2a)
Gia tri My, co thé xéac dinh mot cach don
gian nhu sau:

1

M, = SIKIV, (2b)
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Trong d6, S: tiét dién bé mat tdm thu,
[m?]; /: chidu dai cua tAm thu 4nh sang, m;
k: hé sb tinh toan thay ddi ap luc gio theo
do cao; Wy: gia tri tiéu chuan ap luc gio.

Khi tinh toan mé phong dé don gian hoa,
nhém tac gia da gia dinh liy nhidu du
vao la mot hﬁng s6 dé thuan tién trong
qua trinh nghién ctru.

]
= N
Hinh 3. S d m6 phéng trong Matlab
Két qua md phong:
S liéu dau vao: goc dit 1a 20 do
25 ,
7 ok R
LIS N S T ——
910 N N WS N
] 1S5S SR S NAS S S E———
0 | | : |
0 2 4 6 8 10

Thoi gian (s)

Hinh 4. Két qua mé phéng

Nhan xét: Nhu da thay trén hinh 4, gia tri
dd qué chinh 1a 15%, thoi gian qua chinh
1a 3 s, s dao dong 1a 4, khong dap tGmg
yéu cau chit luong qué trinh qué do.
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3. TONG HOP HE TRUYEN PONG BAM
NANG LUONG DIEN MAT TRO'l VO
CAU TRUC 2 VONG DIEU KHIEN

Dé nang cao hon chi tiéu chat luong qua
trinh qua do truyén dong bam c6 thé dua
vao lién két nguogc theo tbc d6. Khi tinh
toan hé sb phan hdi theo téc d0, hé sd
truyén bo diéu chinh tdc do, hang s6 thoi
gian bd diéu chinh tdc do, c6 thé 1am tang
dd cting dac tinh co cia h¢, lam gidm
tong hang s thoi gian dién co cia hé, bu
quén tinh bo bién doi diéu khién dién ap.
Phuong trinh cia bo bién ddi didu khién
dién ap va bd diéu chinh toc d9, gia dinh
rang bo bién d6i diéu khién dién ap khong
c6 quan tinh va bd diéu chinh téc do la
khau ty 1€, s€ c6 dang [6], [10]:

AUy, =K AUp, (9)
AU, =AU, —KpAw, ( 10)
\i
. ( iry YY \_J |” & \“\

1); -lnh ;‘ "’l lml} = La{ MCT
= F [’ AN

"h.\‘

Hinh 5. So db chirc nang 2 vong diéu khién

Trong do:

Kzp: hé sb truyén bd bién ddi diéu khién;
koc: hé sb phan hoi;

AUpc: gia s6 dién ap bo diéu chinh toc do;
AUy gia s6 dién ap bd diéu chinh vi tri;
TD: b diéu chinh toc d9.

Phuong trinh vi phan biéu dién dong hoc
cua khau VT c6 thé dugc viét dudi dang
sau [10]:

TodAdlt]” =k, T Ao, +kp,0,, —k,,0,,

)
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Trong truong hop nay, mo hinh toan céu
triic 2 vong diéu khién sé& c6 dang:

dAw, 1 1

=—AM ———AM,,
i pr, B,
AM
L TN/ LTy VNYS
dt ,
AUy, =k, (AUVT -k, A, )’
dA
To —U k 6‘”0 kDLT;clAwmct - kDLemct ’
dt
do
nt - Ag 10
dt mct ( )
dA(l)mLt —L(AMY +AMB)—%A s
dt T T

Trén co s¢ hé phuong trinh (12) va mo
hinh cdu tric. So d6 ciu tric mo hinh
trong dang nay trong chuong trinh Matlab
va két qua md phong thé hién trén hinh
dudi day:

PAN

O

£ i

Hinh 6. So’ 46 m6 phéng trong Matlab

Két qua md phong:

S liéu dau vao mo phong: goc dat 20 do

4 6
Thoi gian (s)
Hinh 7. Két qua mé phéng

Nhan xét: Nhu da thay trén hinh 7, khi hé
thdng véi 2 vong diéu chinh di cai thién
dugc d6 qua chinh 12%, thoi gian tac
dong 2,5 s va s6 1an dao dong 3, tuy nhién
hé théng van chua dap ing dugc yéu cau
vé do qua chinh ciing nhu s6 1an dao dong
khi c¢6 anh huéng cua khe hd dan hoi va
anh huong cua nhiéu tai gio. De thoa man
dugc yéu cau dbi véi hé truyen dong bam
nang luong dién mit troi dong thoi giai
quyét van d& tu chinh dinh thich hop céac
tham s cta b diéu khién PID, bai bao dé
xuét phuong 4n xay dung hé truyén dong
bam nang lugng mat troi trén co s& bd
diéu khién Fuzzy-PID.

4. TONG HOP HE TRUYEN PONG BAM
NANG LUONG PIEN MAT TRO'I VOI
CAU TRUC 1 VONG DIEU KHIEN
DUNG BO DBIEU KHIEN FUZZY-PID

Cac hé s6 cua bd diéu khién PID chi dwoc
tinh toan cho mot ché do lam viéc cu thé
ciia hé théng, trong qua trinh tinh toan
cling di tién hanh tuyén tinh hoéa nhiéu
khau, nén khi cai dit vao thuc té can
thudng xuyén chinh dinh cac hé sé nay
cho phu hop véi cac ché do van hanh dé
phat huy tot hiéu qua cua bo didu khién.
Qua trinh chinh dinh thuong thuc hién
theo kiéu “tham do”. Tu thyc t& d6 va
nhimg uwu viét cua bd diéu khién mo, dé
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giai quyét van dé ty chinh dinh thich hop
cac tham sb cta bd diéu khién PID ma
khong can “thim do” hay chinh dinh
khong tu dong, ta c6 thé thiét ké bo diéu
khién mo & vong ngoai dé chinh dinh
tham s6 bo PID & vong trong.

chinh dinh

__--.1-:_-1,____

B diéu u

i
E Thiét b

Bcf)i trong y

khién PID dieu khien

Thiét bi do

luong

Hinh 8. M6 hinh quan sat
cua hé thong diéu khién

Y tuong vé bd Fuzzy-PID ¢ day 1a st
dung logic mo dé téi wu gia tri cac tham
s6 ctia bo diéu khién PID. B¢ diéu khién
PID c6 ba tham s Kp, K;, Kp nam trong
cac khoang [Kp v Kp max], [Ki v Kimax],
[Kp vav Kp max]- Ta sé quy vé dang chinh
tac [3]:

. K,—-K
Kp — < P 2M1N
PMAx — PMIN

K} — K, = K v
K1 MAX K]MIN

K = KD _KDMIN
PTK K
DMax — PDMIN

Khi d6, cic gia tri K,,K,,K, € [0 1], va
cac tham sb b PID duoc tinh lai:

K, = KJD(KPMAX —Kpyn) + Ky

K, = K}(KIMAX =K )+ Ky

K,= KID(KDMAX =K ) + Kpaay

B0 mo ¢ day s€ gobm 2 dau vao: sai léch
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e(f) va vi phan cua sai 1éch de(¢), va ba
dau ra cho ba tham sd cua bo PID:
K},,K;,K,':,. O day ta st dung md hinh
Mamdani cho bd mo nhu hinh 9.

fuzzypid!_sua

KX

bz iz

Hinh 9. C4u truc cua khéi me&

FIS Variables Membership function plots B pars 181
AL AW AN K DN o oL
o
Ez Kdz
M

DEz KEZ

Kiz

-1 -1z 0 0.2
input variable "Ez"

Hinh 10. Cac ham thudc sai léch e(t)

Viéc xay dung cac ham thudc, cac khoang
gia tri ciia bién vat 1y va bién ngdn ngir
dua vao phong doan va kinh nghiém
chinh dinh. Do d6 viéc danh gia chat
luong ciing mat kha nhiéu thoi gian va
cong sic. O day, véi mdi dau vao by mo
ta 1ap 5 ham thudc ung véi 7 bién ngdn
ngtr:

e={AL,AV,AN,K,DN,DV,DL}

de = {AL,AV,AN,K,DN,DV,DL}

Khoang gia tri ctia cac bién vat 1y cho cac
ham thudc cua sai 1€ch e(¢) phu thudc vao
khoang gia tri cia tin hiéu do dugc. O
day, do tin hiéu do vé 1a s6 xung encoder
trong thoi gian ldy mau Ts nén ta lay
khoang gia tri cua e(?) 1a [-1;1]. Khoang
nay nho vi muc dich diéu khién 1a bai
toan diéu chinh va bai toan dit ra 1a tu
dong chinh dinh dé c6 bo tham sé PID
phtt hop nhat.

S6 19

31



TAP CHi KHOA HOC VA CONG NGHE NANG LUONG - TRUGNG DAI HOC BIEN LUC

(ISSN: 1859 — 4557)

FIS Variables Membership function plots. phtports 181

i

Kdzr

e
C

Kiz

AV AN K o ov

-100 -80 100

Hinh 11. Cac ham thudc cua vi phan sai léch
de(t)

FIS Variables Membership function plots Pt pors 181

AL AV AN K DN ov oL

E

Kiz

-1 o 1
output variable "Kdz"

Hinh 12. Cac ham thudc cua bién ra K,,K,K,

Khoéng gia tri ctia cac bién vat 1y cho cac
ham thudc ctua vi phan sai l¢ch de(?) ta
cling liy tuong tu nhu dbi véi e(f). Tuy
nhién c6 mét chu y 1a khoang gia tri nay
phu thudc thoi gian 14y mau Ts (dbi véi vi
diéu khién). O day, voi thoi gian 1dy mau
25,6 ms thi de(r) ta liy trong khoang
[-100 100].

Cac ddu ra K,,K,,K, c6 dang gibng
nhau la dang chuan, nén ham thudc ta
cling lay cung dang nhu hinh 12. Khoang
gia tri bién ra la chinh tac [-3 3].

K,.K,K, ={AL,AV,AN,K,DN,DV,DL}

Xay dung luat hop thanh:
Cac ludt hop thanh déu c6 dang chung
nhu sau:

If (Ez is AL) and (DEz is AL) then (Kdz
is AL)(Kpz is AL)(Kiz is AL)
If (Ez is AL) and (DEz is AV) then (Kdz
is AL)(Kpz is AL)(Kiz is AL)
If (Ez is AL) and (DEz is AN) then (Kdz
is AL)(Kpz is AL)(Kiz is AL)

If (Ez is AL) and (DEz is K) then (Kdz is
AL)(Kpzis AL)(Kiz is AL)

Tong két lai ta c6 bang luat hop thanh:

e(t)
de(t)

AL AL | AL | AL | AL |AV|AN| K
AV AL | AL | AL|AV|AN| K DN
AN AL | AL |AV|AN| K |DN | DV
K AL |AV|AN| K |DN |DV | DL
DN AV|AN| K | D {DV|DL | DL
DV AN| K |DN|DV |DL | DL | DL
DL K |DN|DV |DL |DL | DL | DL

AL |AV|AN| K |DN |DV | DL

Hinh 13. Bang luat hop thanh me

8 e aiton rezmypioivs S e i

| File Edit View Options |

Hinh 14. Bang luat hop thanh me

M6 phdng trong simulink:

FUZZY LOGIC
CONTROLLER

Hinh 16. So 6 mé phdng trong Matlab

32

S6 19



TAP CHI KHOA HOC VA CONG NGHE NANG LUONG - TRUGNG DAI HOC BIEN LUC

Két qua mo phong:

S6 liéu dau vao md phong: goc dat 20 do

25

Goe lch

0 i i i
] 1 2 3 4 5 ] 7 8 g 10
Thoi gian (s)

Hinh 17. Két qua mé phéng

Nhan xét: Nhu di thiy trén hinh 17, gia
tri d§ qua chinh 1a 0% cai thién hon so véi
bd diéu khién PID, thoi gian qua chinh
giam hon 13 3,2 s, dap Gmg yéu cau chat
luong qua trinh qua do.

5. MO HINH THU'C NGHIEM

Mot hé théng diéu khién truyén dong dién
bam tram quang dién nang lugng mat troi
dd duoc nhom dé tai mo hinh héa trén
thuc té voi so do chire nang [2]:

Cam bién gac|
|

Bng co DC +——————

Sy

Bong co' DC

LDO:
phuong vi AS1360
.

Wi sircgio

Nhigt 36 T
7 thoigian
. Giaodién
b&n ngoai
= Thiét bi doc
thévi gian thueo
i

Hinh 18. So d6 chirc ning
hé thong bam nang lwong mat tr&i

(ISSN: 1859 — 4557)

Hinh 19. M hinh hé théng
bam nang lwong mat troi

Hinh 18 14 so do chuc ning cua hé thong.
Con hinh 19 13 so' d6 mé hinh thuc té sau
khi thiét ké by diéu khién F-PID, nhém
tac gia 1am mo hinh thuc nghiém dé kiém
chung lai két qua mo phong va thyc té sau
nham muc dich kiém tra két qua 1y thuyét,
chay thir tru6c khi dura vao san xuat hang loat.

6. KET LUAN

Bai bao da trinh bay viéc tong hop hé
truyén dong bam tram dién ning luong
mit troi véi cdu tric co ban 1a 1 vong
diéu khién va 2 vong diéu khién v6i bod
diéu khién PID va Fuzzy-PID. Thong qua
két qua cua phwong phap tong hop hé
truyén dong bam trén, c6 thé thdy viéc st
dung hé¢ truyén dong bam trén co s& bo
diéu chinh Fuzzy-PID cho chit lugng qua
trinh qué do t6t nhat, mat khac con khac
phuc dugc nhugc diém khong tu chinh
dinh thich hgp céc tham s6 cua b diéu
khién PID. Vi vdy bai bao dé xuat sur
dung ciu tric 1 vong diéu khién dung bod
diéu khién Fuzzy-PID 1am bo diéu khién
hé théng bam dé tin dung t6i da ngudn
nang lugng quy gia ttr mat troi.
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