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hirong phép diéu ché do rong xung (Pulse

Width Modulation - PWM) tng dung dé diéu

ché dién ap xoay chiéu & dau ra clia cac bd
nghich lwu cung cap cho hé truyén dong da duoc
nghlen clru rong rai trong nhiéu thap ky gan day, bao
gbm ca tin hiéu dleu ché dang sin va khong sin. Nhiéu
phuwong phap diéu ché do rong xung khac nhau da
duoc phat tnen nhdm dat dwgc pham vi didu ché
rong, giam tén hao dong cét clia van, gidm d6 méo
s6ng hai toan phan va giam thoi gian tinh toan.

Trong mét thdi gian dai, phwong phap PWM
dwa trén song mang [1] dwoc sir dung rong réi. Tin
hiéu diéu ché dau tién cho phuong phap nay la
dang sin, sau d6 tin hiéu diéu ché dang khéng sin
dwoc str dung. Véi sy phat trién manh mé cda vi
xt ly, phwong phap diéu ché vector khéng gian
(SVPWM) dé tré thanh mot trong nhirng phu’o’ng
phap PWM quan trong nhét cho cac b bién dbi ba
pha [2]. N6 st dung vector khdng gian dé tinh toan
chu ky cong suét cho cac van dong cat. Kha nang
sb6 hoa va pham vi didu ché tuyén tinh rong cho
dién ap dau ra la nhitng déc trwng dang ké cla
phwong phap diéu ché vector khong gian. Noi
dung bai bao nay la nghién ciru nguyén ly diéu ché
PWM theo hai phwong phap trén va trién khai ap
dung trén md hinh thyc nghiém.

1. PWM dwa trén séng mang

1.1. Nguyén ly diéu ché

Module PWM bao gém s6ng diéu ché va song
mang. So sanh hai séng nay, tai nhirng viing séng
diéu ché c6 bién dd Ion hon bién dd sdng mang thi
song PWM & mirc tich circ cao va ngwoc lai (H.1).

Tan s va bién do cua dign ap dau ra dwoc diéu
khién bang tan s6 va bién do cua song diéu ché,
trong khi tan s6 PWM béng tan sé cua s6ng mang.

1.2. Cédc biéu thirc tinh todn

Néu bd qua cac song hai bac cao, tir H.2 ta co:
Dién ap pha dau ra duoc xac dinh bi cong thirc:

Un =E:Uy2 @)

Song diéu ché duoc cho béi cong thirc sau:
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uj(t) = Ul(t)+ &i(i) . : )
i \ L l'\S'o'ng'ﬁiéu ché
L g s e i eaeng
oty
s e
Séng PWM
O e =0T

H 1 Tin hiéu dfeu che va tin hreu séng mang
trong mot chu ky cat méu “k” e

—= Carrier
U,
o Uy

—OUc
H z Cau triic bo bién tan PWM ba pha

Trong dé: i - Tuo’ng (’ng v&i cac pha: a, b, c; et) -
Cac song hai; u*; - Céc tin hiéu co ban.

ua(t) =msin(ot) ;
Up (t) = msin(ot + 21/3) ; (3)
ug(t) =msin(ot + 47/3) .
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Trong do: m 1 ty s6 didu bién bién do:

m = max 2\ L () va Ua(t)+Ub(t)+Uc(t) 0
E/2

Ter (1) va (3) ta c6 dién ap pha:

ugn(t) = %[msin(ws# e(t)];

upN () = %[msin(u)s} 23 e(t)]; (4)

uen () = E [msm(wa— 4t/ e(t)].
bién ap day:

Ugp (t) = Uan (D) —Upn(t) = J_ 3msin(wt + /6) ;

U () = Upn () — Uen(D) = E\Emsin(mt +51/6); (5)

Uea(t) = uen(t) —uan(t) = 5 \/gmsin(cot +3n/2) .

Trong dai diéu ché tuyen tinh, néu |u,| <1 thi tir
(4) va (5) ta co dién ap day dau ra nho hon hodc
bang dién ap nguén E:

|Uab (1),upc (t),Uca(t)I ZE

Vi ty s6 didu bién bién dé cwc dai
Mmax = 2/3 , nén ta cé:

1= Uppin (1) < €(t) < 1- Umax (1) (6)

O day: :

i (6 = minfu, (9, up (0, U5 () va

U (0 = max (U5 (0, ub () U ®));

Ta thay song hai ei(t) khong xuét hién trong dién
ap day dau ra. Vi vay, e ( ) thuwérng dwoc goi la tin
hiéu thr tw khong [3], va e(t) duoc tinh toan béi
cong thirc:

&i(t) = (Ua(t)/3+Up (1) + ug(t)) (")

Khi ei(t)}=0 s& co PWM dang sin, va nguoc lai
khi e;(t)=0 thi PWM dang khéng sin sé xay ra. Cac
tin hiéu the ty khong khac nhau sé dan dén cac
module PWM khong sin khac nhau. So vaéi PWM
sin thi PWM khéng sin c6 thé mé réng duoc
pham vi diéu ché tuyén tinh cho dién ap day.

Trong dai tuyén tinh, khi |uj|<1 => tir (3) ta c6
Mma=1 va ttr (5) ta co dign ap day dhurala V3.E2:
max |ugp (1), Upg (1), Uga ()] = v3-E/2 8)
Khi Mpax =2/+/3=1,15 =>tr (5)ta co:
max|Uap (). Upc (1), Ucalt)] =E (9)
Khi do dién ap dau ra sé tang 1én khoang 15 %.

Khi nay dién ap pha sé khong c6 dang hinh sin, tuy
nhién dién ap day van dam bao dang hinh sin.

2. Diéu ché vector khong gian [4]

2.1. Nguyén ly nghfch Iru

CAu tric bd bién tan cho & H.2. Chirc nang cla
cgc van dwoc mo t& nhw sau: Khi van & nhom trén
dAn thi van & nhém dwéi phai khéa va nguoc lai.

A SR = V7

e L e

H.3. Vector dién ap dau ra khi m=1va m=2/\3
SW;=1 khi van SW,, dan va van SW;. khoa
SW,;=0 khi van SW,, khoéa va van SWi. dan

Trong d6: i=a, b, ¢; “1" a trang thai daura (a, b, ¢) néi
véi +E/2; “0” 1a trang théi dau ra (a, b, c) ndi véi -E/2.

U7 twong &ng Voi

tam trang thai chuyén mach van So, 87 Dién
ap ra la sw két hop gilra cac trang thal chuyén
mach trén. Trong do:

Uy=100: U3 =010; Us=001;Us=-U1=011;
Us = _Us =101: Uz =—Us =110 ; Up =000 ; U7 =111;
U1+U3+U5 0; Uo U7 0

’Ui’=§E vii=1, 2.6

Tam vector dién ap U(), &

}Uo} =‘07' ~0 (10)°

Tam vector dién ap nay hinh thanh lén khong
gian vector dién ap (H.5). Khong gian vector dién
ap nay chia lam 6 sector. Trong mot chu ky cat
mau, vector dién ap dau ra dwgc tinh nhu sau:

Uit =19 Up + 1.0 T 11
()TSOTS1+TST (11)

Trong dé: T;(i=0, 1, 2,..., 7) la thoi gian cua vector
- i b 7

dién ap Ui; T, la thoi giantatmau; T;20; > Ti=Ts.
i=0

Tuy nhién dé g1am sb lwong déng cét cua van,

vector dién ap U co thé dwoc phan chia theo cac

vector bién lién ké va vector Uo va Uz trong cac

sector khac nhau.
2.2. Nguyén ly diéu ché
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H.4. Trang thai déng cét ctra van

H.5. Khéng gian vector dién ap

Xem dién ap hinh sin nhw mét vector dién‘ép U
c6 bién do khéng dbi va quay véi téc do (tAn sb)
cling khéng dbi. Gia s chon goc 1/6 |a sector |,
vector U dugec tinh theo céng thirc:

U :El_J’1 +T—202 +E[J.o +T—7G7
Ts Ts Ts Ts

Trong d6: Tg-T-To=Tg+T720; Tg20; T720.

(12)

Béng 1. Thuét toan diéu ché vector khdng gian

T H4 ta co thé chia vector U thanh cac
vector bién phai Up va vector bién trai Ut:
0= p -+ 0t

Taco {G‘:m*ﬁi‘zm%E (13)

Vé6i m 1a ty sb didu bién bién do dién ap. Theo
lwong giac ta co:

o P _ P
sin(m/3-¢)  sing _ sin2min
T
T sin(m/3—-wh Tg sinwi  sin2Tin
Tw (10), (13) va (15) ta co:

Ty = 2_Tsmm * sin(Tr/3-wh = 2ls m* cos(wt+11/6)

V3 V3

hay (14)

Ui

1, [0 m

(15)

(16)

2T, T
Ty = =2 m* sinwi= ==-m* cos(wt+ 3} (17)
= NG ( )
. 1'= B2
UaN— =2
TN — i b
bt :
(S 5 B & [ S & |50
TOZ TLz i122: 17 (122 T2 |TOR2
baflos3)Ta

Ty
H.6. Diéu ché vector khéng gian trong sector |
Do dai va goc cua vector dién ap U dwoc xac

dinh b&i cac vector Uq, 62 Ge (vector “tich

cwc) va vector Go, Uz (vector khong).

Sector | (0 = wt < 1/3)

Sector Il (11/3 = wt = 211/3)

Sector Il 21/3 < wt=11)

2T,
Ty == m*cos{ot + /6
1 ‘/5 ((0 )
2T,
Tp =—=m* cos(wt + 3n/2
2 J§ ((0 )

To+T7 =T -T1-T>

2T,
To === m* cos{ot +111/6
2 ﬁ (m )
T3=£m*cos(mt+7n!6)

V3

TO +T7 =TS —T2 —T3

T3 = 2Ts s cos(ot + 37/2)

Ng)

Tq= 2ls s cos(wt + 51/6)

NE)
To +T7 =TS—T3 AT4

Sector IV (11 < wt < 41/3)

Sector V (411/3 < wt < 511/3)

Sector VI (511/3 = wt < 2m)

T4= %m * cos(ot + 7n/6)

T = 2Ts s cos(ot + n/2)

V3

TO +T7 =T5—T4 —T5

Ts = 2Ts s cos(mt +5n/6)

NE)

Tg = 2Ts e cos(wt +/6)

V3
TO +T7 :TS—T5—T6

Ts =£m*cos(cot+‘nf2)

V3

Ty L cos(wt +1172/6)

NE)

TO +T7 =TS—T6—T1
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Sy phan tich cla vector U trong 6 sector khac
nhau dugc xac dinh trong Bang 1, va thoi gian chuyén
mach clia cac van duoc xac dinh trong Bang 2.

Bang 2. Bang thoi gian chuyén mach trong cac
sector khac nhau

Sector | Cac van nhanh trén| Cac van nhanh duwoi
81 =T1 +T2+0,5T7 S4=0,5T(}

| S5=T,+0,5T7 Sg=T1+0,5T,

85:0,5T7 82=T1 +T2+0,5T0
S4=T,+0,5T7 S,=T3+0,5T,

I S3=T,+T3+0,5T; S¢=0,5Tq
S5=0,5T; S,=T>+T3+0,5T,
5,=0,5T; S4=Ta+T4+0,5T,

" Sa=T+T4+0,5T7 S¢=0,5Tp

S5=T,+0,5T; S,=T3+0,5T,
S,=0,5T; S,=T4+Ts+0,5T,
A S5=T4+0,5T7 Se=T510,5Ty
Ss=T4+T5+0,5T; S,=0,5Ty
81:T6+O:5T? S4=T5+0,5T0
A S5;=0,5T; Sg=T5+Ts+0,5Ty
S5=Ts+T5+0,5T7 S,=0,5T,
S=T+Tz+0,5T7 S4=0,5Ty
VI S4=0,5T7 Se=T1+Ts+0,5T
Ss=T5+0,5T7 S,=T4+0,5Ty

3. M6 hinh thwc nghiém

3.1. M6 hinh
M6 hinh thye nghiém dwoc nhom tac gia xay
dwng cé so do khdi nhw H.7.

Ngudn mét chidu
B
ﬂ . Xung
:  PWM — K _
Microcontrolier . : o
e reasy, || Mach BK I::) Mach Céng suét

: Bign ap 3 pha

PCKDB|
H.7. Mé hinh thue nghiém

Vi diéu khién PIC18F4431 (v&i 6 kénh PWIVI)
dwoc str dung dé xay duwng thuat toan diéu khién
khac nhau dwa trén phwong phap diéu ché dé rong
xung va diéu ché vector khong glan duoc tim hiéu va
trinh bay & trén. Mach diéu khién nhan tin hiéu PWM
tr vi diéu khién, xr Iy tin hiéu va dua ra cac xung dieu
khién cho cac van ban dan céng suét clia mach coéng

suét. Mach cong suét khi d6 co nhiém vu bién doi
dién ap mét chieu ’Ehénh dién ap xoay chiéu véi bién
dd va tan sb thay di dé cp cho dong co.

3.2.Két qua thwe nghiém

H.8. Dién &p ra khi dung phuong phap PWM (tan
s0 dong cat 4 kHz)

R s Symne =

H.9. Dién ap ra khi dung phuong phap SVPWM
(tdn s6 déng cét 4 kHz)

Thue hign thi nghiém trén mo hinh, két qua
duoc thé hién trén cac H.8, H.9. Két qua cho thay
dang dién ap didu ché thu dwoc & dau ra cua
nghich Iwu ¢é dang hinh sin nhw mong muén. Tuy
nhién phuong phap SVPWM tao it séng hai trong
dién ap hon so v&i phwong phap PWM.

4. Két luan

Cac bd nghich Iwu da va dang dwgc st dung
rong rai trong cac (rng dung nhu didu khién doéng
co, cac b lwu dién va trong cac hé nang lwong tai
tao. Chat lwgng dién ap dau ra phu thugc vao
phwong phap dwoc st dung nhw diéu ché do rong
xung dwa trén séng mang (SPWM) va diéu ché
vector khdng gian (SVPW!VI) Trong phwong phap
PWM, bién do va tan sb cla dién ap ra duoc diéu
khién bang cach thay ddi bién do va tan sb cua
séng diéu ché, trong khi phuwong phap SVPWM
bién do va tan sb cla dlen ap ra dugc diéu khién
bang bién dd va tan sé cla vector dién ap chuén.
Phwong phap SVPWM tan dung dién ap mét chiéu
hiéu qua hon, ddng thdi dién ap dau ra it séng hai
bac cao hon so véi phwong phap PWM.O

TAI LIEU THAM KHAO
(Xem tiép trang 24)

CONG NGHIEP MO, 5 6 - 2015 [RER




KHOA HOC VA CONG NGHE M0

may kh&u phai cat vach bing phang, ddng thoi
phai kip thoi lam sach than nhé ra & phia trén phia
xa noc, lam cho xa va véch tiép xuc tét nhét.

< Can phai quan tréc trang thai gian chéng va
hoat déng cla vach, dw bao dwoc tai nan tiém tang
ton tai cla sap vach, ap dung bién phap thich hop
va kip thoi xr ly nhirng n0’| c6 sap db vach nhé.

% Trong 10 cho co Vach dac biét toi vun va bé
rod, can phai dung chét gia c6 dé tang sw lién két
cla khOI than & guong [0 va trén vach dé& nang cao
tinh 6n dinh ctia vach gan guong 16 cho.

% Tang cudng cong tac quan ly 16 cho, dé cac
thiét bj luén ludn & trang thai t6t, dam bao gian
chong 16 cho hoat dong blnh thwéng, hon nira sau
khi xay ra sép vach trong méay chu ky giam thiéu ha
trén than, lam cho quan hé tuo’ng hé gitra gian

chdng va vach hinh thanh chu ky tét.

6. Két luan

Duwéi mot vai didu kién, sap dé vach gan guong
trong 16 cho khai thac co' gi6i hoa déng bo ha tran
thu hoi than da tré thanh nguy&n nhan cha yéu han
ché 16 cho khai thac véi san lwong va higu qua
cao. Diéu khién sap db vach gan gwong 16 cho va
nang cao kha nang sap db than néc cling déu co y
nghia quan trong nhw nhau trong khai thac. Vi vay,
trong qua trinh trién khai va mé réng ky thuat khai

thac co gidi hoa dong bé & vung than Quang Ninh’

can phai coi trong do cao khai thac, tr dé mai lam
cho cong nghé khai thac co gi¢i hoa ddng bd thu
hoi than néc phat huy dwoc tac dung va nang cao
dwoc hiéu qua va san luong.

Can ctr vao nhirng phan tich va nhirng phwong
phap diéu khién trén, 16 cho khai thac co gioi hoa
dong bé thu héi than néc thudc mé than Ha LAm da
tién hanh ap dung tai thuc té dé diéu khién s sap
db cua vach gan guong va da dat dwoc hiéu qua
tét. Pdng thoi, phuwong phap nay con co tac dung
tich cwc trong nhiing diéu kién dia chét tvong ty.0J
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SUMMARY

After analyzing breaking characteristic |
. and process of roof coal in fully mechanized |
. sub-level caving mining face, roof falling |

. mechanism of face area is revealed tentatively. |
It is put forward that the combination of ||
- advancing broken zone of roof coal to ahead |
- of the faceline and influence of some inducing |

- factor is direct cause. So main technology |
~ approach and measures of controlling roof |
. falling of face area are advanced. With these |
| measures, a satisfied effect of controlling |
. roof falling has been procured in practice, |
. consequently, a key technology of controlling |
| roof falling in sub-level cavingface is formed |
. in the paper.

PHUONG PHAP PIEU CHE...
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Nguwoi bién tap: Pao Pac Tao

| SUMMARY
; The paper presents some research é}i
results on theory of two methods: Carrier- |

based Pulse Width Modulation (PWM) and
Pulse Width Modulation |

| Space Vector
| (SVPWM) to three-phase synchronous motor |
. _controlling. The suitable controlling algorithm |
. and an experimental model in laboratory are |
. developed. |



