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Bai bdo nay trinh bay bé diéu khién tuyen tinh cho dong co khong choz than sir dung trong mdy bay
mé hinh ding encoder. Muc dich ciia bé diéu khién nay la giir on dinh 56 vong quay dong co. Cac két
qua dwoc thuc hién bang do dac thi nghiém thuc té.

ABSTRACT

This paper presents the Proportional controller to control speed of brushless DC motor used in

aircraft model.
Keywords: BLDC, PID BLDC

. PAT VAN PE

Pong co khong choi than (BLDC) duoc sir
dung rong rai trong cac may bay mé hinh. Néu
dung lai & muc do may bay mo hinh chi 1a mot
thi vui tiéu khién thi dong co chi can diéu khién
vong ho. Nhung ¢ nhitng mo hinh phuc tap, vi
du nhu quadrotor, hodc mo hinh cé ché do bay
ty dong thi van dé 6n dinh va diéu khién sb vong
quay dong co 1a can thiét.

Thong thuong, c6 hai kiéu diéu khién vong
kin: kiéu co6 cam bién va kiéu khong c6 cam
bién. Kiéu c6 cam bién ding cam bién Hall (Hall
sensors), kiéu khong can cam bién diéu khién
theo sttc phan dién nguoc (Back Electromotive
Force - BEMF) ctia dong ba pha [1]. O day, ta
khong dung hai kiéu trén, ta st dung encorder
nhu cic encorder thong thudng str dung & phan
16n céc loai dong co mét chiéu khac.

Muc dich ctia bai bao nay 1a dé xuit mot bo
diéu khién PID dé 6n dinh vong quay dong co
BLDC ma khong can phai sir dung Hall sensors
chi phi cao hoac BEMF phuc tap.

1. HE THONG PIEU KHIEN PONG CO
BLDC

4. Poéng co BLDC
BLDC thyc chit 13 dong co dong bo. Loai

dong co BLDC 3 pha dugc st dung rong rdi. Bai
bao nay cung chi dé cap den loai nay. Tbc do
quay dong bd phu thudc vao tan sé dong dién cua
stator va sb cap cuc tir trén rotor.

n=—  (D[3]
n: téc 46 quay dong bo (vong/phut)
f: tan s6 dong dién trén stator (Hz)

p: sO cdp cuyc tur trén rotor.

Thuec té, toc do quay rotor nhdé hon tdc do quay
dong bg, boi vi ¢o su truot gilra stator va rotor.

n=n,(1-slip) (2)[3]
slip: ty so truot.
Ty sb truot phu thudc vao nhiéu yéu td, phan

16n 1a phu thudc vao dién ap stator va tai trén
truc.

B. Bo diéu toc (Electric Speed Controller-
ESC)

B¢ diéu toc c6 chirc nang bién doi dién ap DC
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cta pin thanh dién 4p 3 pha quay dong co (xem hinh 1,2).
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Hinh 2: Dién ap 3 pha diéu khién dong co [2]

bién ap stator thay do6i thi ty s6 truot gitta
stator va rotor thay ddi, dan dén tdc do rotor thay
doi. Thay d6i dién ap stator sir dung nguyén tic
PWM giong nhu ¢ dong co DC thong thuong.
Tuy nhién luu ¥ ring tin hiéu vao ESC 1a tin hiéu
PPM, giéng nhu tin hiéu diéu khién servo [3]
(xem hinh 3).
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Hinh 3: Tin hiéu PPM diéu khién servo & vi

tri neutral

Thong thudng, thoi gian muc thap (mirc 0)
xap xi 20ms, twong tng véi tan sé dong ba pha la
50Hz. Thoi gian & muc cao (muc 1) tir Ims dén
2ms. Néu 1ms, dong co khoi dong, 1.5ms dong
co quay véi 50% cong suat, 2ms, dong co quay
cong suét cuc dai.

Can luu y khi lga chon ESC chiu dugc dong
dién cuc dai tuong ing véi dong co [4].

C.  Phwong phap hdi tiép s6 vong quay dong
co

Dé diéu khién vong kin, can phai c6 tin hi¢u
hoi t1ep s6 vong quay dong co. Co hai dang mat
doc hong ngoai dé doc sb vong quay dong co
nhu & hinh 4 va hinh 5. Néu dung loai 1 thi trén
rotor duoc dan nhiing vach t6i hap thy (hinh 4).
Khi dung loai nay can luu § 1y vat ligu hap thu hong
ngoai vi hong ngoai rat dé phan xa, ké ca cac vat
liéu mau t6i (xem hinh 6).
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Hinh 4: Mit doc h@)ng ngoai loai 1



Hinh 5: Mit doc héng ngoai loai 2

Hinh 6: Miéng dan hap thy quang trén rotor
dong co BLDC

Loai 2 thong dung hon va thuong dugce dung
trong cac dong co DC. Bai bao nay s dung mat
hong ngoai loai 2 va encorder.

Céc encoder co6 trén thi truong dung cho céac
dong co tdc do cham, s6 vach trén encoder nhiéu,
khong thé sir dung cho dong co BLDC quay véi
tbc d0 nhanh, trung binh khoang 5000-6000
vong/phut. Do vay encoder cho dong co BLDC
dung trong bai viét nay phai duoc thiét ké lai.

Mac khac, vi tri lép dong co trén mo hinh
bay thuong nhé gon, do d6 duong kinh encorder
khong thé qua 16n. Néu ding encoder nhiéu vach
thi sai s6 s& nho. Nhung véi dudng kinh encoder
nho, sb vach nhiéu thi do nhay cta mét doc khong
dap tmg dugc dan dén gi tri s6 vong quay dong
co khong chinh xac, khong thé diéu khién duoc
(xem hinh 7).
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Hinh 7: Bap ting cua h¢ dung encorder 32 vach

Tuy nhién, dong co BLDC thuong dung quay
tai chong chong dé tao luc cho cac mo hinh bay,
nén sai s6 vong quay dudi 5% c6 thé chap nhan
dugc. Hinh 8 biéu dién twong quan gitra lyc day &
diéu kién tinh va sé vong quay cia chong chong
loai 2 canh, kich thudc 10x5 inches, mdt chong
chong thong dung trong cac mod hinh bay, trong
tinh toan 1y thuyét (dudng & phia trén) va do dac
thue t& (duong duoc noi suy tur cac diém thyc
nghiém ¢ phia dudi) [5]. Két qua thu dugc cho
thdy néu sai s0 vong quay khoang 100 vong/phut
(khoang 2% toc do so véi vong quay trung binh
1a 5000-6000 vong/phit) thi luc ddy cua chong
chong thay d6i khong dang ké.
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Hinh 8: Gidn d6 F/rpm cta chong chong 2 canh,

10x5 inches

D. Sai sb trong qua trinh diéu khién

Sai s vong quay phu thudc vao s6 vach trén
encoder va chu ky ldy mau (Ts). S6 vach nhiéu,
chu ky 14y mau dai thi sai s6 giam va nguoc lai.
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Bang 1: Sai s6 vong quay tuong trng vdi sai sO mot xung ciia mat doc

Ts

Sé (ms) |5 100 |[150 200 | 250 300
vach

8 150.00 [75.00 |50.00 |37.50 |30.00 | 25.00
16 75.00 |37.50 |25.00 |18.75 [15.00  |12.50
24 50.00 2500 |16.67 |12.50 [10.00  |8.33
32 3750 | 1875 |12.50 |9.38 | 7.50 6.25
40 30.00 | 15.00 |10.00 |7.50 | 6.00 5.00

Trong qué trinh diéu khién, tin hiéu mat doc
thudng c6 sai s6 2-4 xung trong mot chu ky 1ay
mau. Néu chu ky 14y mau qué dai thi hé thong
dap tmg cham. Néu chu ky liy miu ngin thi
khong can thiét d6i voi hé théng dong co chong
chong nay, dong thoi sai sé sé 16n. Do do, dua
theo bang 1 chon encoder 24 vach, chu ky lay
mau Ts = 100 ms 1a phu hop.

. THUAT PIEU KHIEN

Str dung khau tuyén tinh trong giai thuat PID
deé diéu chinh thoi gian mirc cao (timeON) cua
tin hiéu PPM.

Dé khoi dong dong co, gia tri khoi tao
timeON = 800 us (3)

Sau do gia ‘Eri timeQN’duqc cap nhap theo
cong thuc (4) dé thay doi toc do dong co.

timeON = timeON + K *e,  (4)

e,: sai sO gifta vong quay mong muon va vong
quay do encoder do dugc.

Thong s6 K, dugc didu chinh bang phuong
phap thu va sai. Tuy nhién, néu gia tri K, qua lon
hé s& mat 6n dinh, nguy hiém cho qua trlnh thi
nghiém. Dua vao dap Gmg vong hd cta hé thong,
ta c6 thé du doan dugc khoang gia tri K.

K, ~1/k (5)

k.. gia tri 1on nhat trong cac hé sb goc cua
nhu:ng doan tuyén tinh duoc roi rac hoa tir dic
tuyén vong hé cua hé thong.

Iv. MOT SO KET QUA THU'C NGHIEM

Trong mo hinh thyc nghiém nay, mach diéu
khién str dung PIC16F877A cua hang Microchip
[6], glao tlep v6i may tinh qua giao thirc RS232.
DBoc s6 vong quay bang timer0, dinh thoi gian
lay mau bang timerl, xuat xung diéu khién qua
pin B7 (port B).

Mot két qua thye nghiém da dat dugc.
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Hinh 10: Dap tng vong ho cua hé thong [5]



Hinh 10 vé& duong dap Uing vong hé cua hé
thong véi dau vao 1a thoi gian mirc cao cua tin
hi¢u PPM vao ESC, dau ra 1a téc do quay dong
co.
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Hinh 11: Pap tng hé théng véi Kp = 0.01, muc
thap cua tin hi¢éu PPM 20ms

Két qua thuc nghiém cho thdy dép tng ctia hé
thdng con phy thudce vao thoi gian mirc thap cua
tin hiéu PPM vao ESC. Va moi loai ESC sé ¢o
mot thoi gian muc thip thich hop dé cho dap tng
t6t (xem hinh 12, 13, 14, 15).
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Hinh 12: Pap tmg hé théng véi Kp = 0.01, murc
thap cua tin hi¢u PPM 3ms
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Hinh 13: Pap g hé théng véi Kp = 0.01, mirc
thap cta tin hiéu PPM 2ms
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Nhan thay céc dinh sai s6 xay ra theo chu ky.
Vi du & hinh 13, cac dinh sai s6 xay ra & vi tri
42s, 62s, 82s..., va 0 hinh 11, dap ung cua hé¢
thong bi dao dong. Nguyén nhan cta viéc nay la
do tan s6 cua tin hiéu anh hudng dén dic tinh cua
dong co va ESC. Véi nhimg tin hiéu c6 tan sb
thap, gia tri cia dong dién duoc cp cho hé thong
s& dao dong, dan dén dap tng cia hé thong ciing
dao dong theo. Dé khic phuc tinh trang nay, ta
giam dan thoi gian mirc thap cta tin hiéu PPM,
dén mot gia tri ndo d6 thdy dap tng cua hé thong
tam chap nhan duogc thi chon gia tri do.
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Hinh 14: Dap tmg hé thdng véi Kp = 0.01, mtc
thap cua tin hi¢u PPM 1ms
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Hinh 15: Pap tmg hé théng véi Kp = 0.011,
murc thap cua tin hi¢u PPM 2ms

V. KET LUAN

Céc két qua thyc nghiém cho thiy ring bo
diéu khién PID dung encorder da dap ung dugc
yéu cau on dinh vong quay cua dong co BLDC.
Trong gidi han cong nghé vé ché tao encoder
nén sai so xac 1ap cua hé théng con twong ddi
16n. Tuy nhién, néu ing dung dac thu trong linh
vuc hang khong thi BLDC dung dé quay chong
chong nén sai s6 toc dong co khong anh hudng
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nhiéu dén sai s6 vé mat khi dong (luc, ap suat,
toc do gi6). Do do6 sai sO nay van c6 thé chap
nhan duoc.
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