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CHUONG TRINH MON HQC
HE THONG PIEU KHIEN SO
Chuong 1: B0 nghich luu ba pha va Vector khéng gian (4,5T)
= Vector khong gian.
= B0 nghich luu ba pha.
Chirong 2: H¢é qui chiéu quay (1,5T)
= Hé qui chiéu quay.
= Chuyén d6i hé toa d6 abc <> af <> dq.
Chuong 3: Mo hinh PCKDB 3 pha (aB), (dq) (97)
= So do tuong duong cua dong co va mot sd ky hidu.
= M0 hinh dong co trong HTD stator (a3).
* MO hinh dong co trong HTD tir thong rotor (\,).
Churong 4: Piéu khién dinh hwéng tir théng (FOC) PCKPB (6T)
= Diéu khién PID
= Piéu khién tiép dong.
= Piéu khién tiép ap.
= MO phong cua FOC. )
(21 tiét)
Chuong 5: Mot sb phuo’ng phap wéc lwgng tir thong rotor (6T)
» Tu W, vai, i, hdi tlep
» TiUuva i, i, hoi tlep
» TU®Va i, i, hoi tlep.
»  Udc lugng vi tri (goc) vector V..
» UG6c luong (¥,) trong HTD dq.
=  Udc lugng tir thong rotor dung khiu quan sat (observer)
* DPép ung mo6 phong FOC.
Chirong 6: Cac phwong phap diéu khién dong (6T)
= Piéu khién dong trong HQC (afy): vong tré va so sanh.
= Piéu khién dong trong HQC (dq).
Chuong 7: Mot s6 phwong phap wéc lwong toc dd dong co 37)
» UGc luong van toc vong ho (2 pp).
= Ube lugng van téc vong kin (co hdi tiép).
= DPiéu khién khong ding cam bién (sensorless).
Chuong 8: B¢ diéu khién dong co khong dong bd ba pha (6T)
= Cau triic mot hé thong diéu khién dong co.
= Cam bién do luong
= Mot s6 wu diém khi sit dung bo diéu khién tdc do dong co
= Hé thong diéu khién sé dong co khong dong bo ba pha
= Bo bién tan
(21 tiét)
(42 tiét)
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Chwong 1: VECTOR KHONG GIAN VA
BO NGHICH LUU BA PHA

I. Vector khong gian

I.1. Biéu dién vector khong gian cho cac dai lwgng ba pha
Dbong co khong ddng bd (DCKPB) ba pha c6 ba (hay boi s cua ba) cudn diy
stator bo tri trong khong gian nhu hinh v& sau:

PLE Pha B
®

Hinh 1.1: So d6 d4u day va dién ap stator cia DPCKPB ba pha.
(Ba truc ciia ba cudn ddy léch nhau mét géc 120° trong khéng gian)

~_Badiénap cip cho ba dau ddy ciia dong co tir ludi ba pha hay tir b nghich luu,
bien tan; ba di¢n 4p nay thda man phuong trinh:

Ua(t) + Ugp(t) + uge(t) = 0 (1.1)
Trong do:
U, (t) = lugl cos(mt) (1.2a)
ugp(t) = lugl cos(ogt — 120°) (1.2b)
uso(t) = lugl cos(mgt + 120°) (1.2¢)

Véi o = 27ify; f, 13 tan s ctia mach stator; [ug| 1a bién do cua dién ap pha, c6 thé thay doi.
(dién ap pha la cdc so thuc)

Vector khong gian cua dién ap stator dugc dinh nghia nhu sau:
- 2. - ~
6,0 =[O+, (0 +8.0)] (1.3)
. 2 i120° j240° ]
us(t) zg Usa (t)+usb (t)e +usc (t)e (14)
(twong tw nhie vector trong mdt phang phirc hai chiéu véi 2 vector don vi)

Vidu 1.1: Chimg minh?
a) i, (1) =[u, o™ =|u,|£(w,t) (1.6)

b) u =§[[uas—O,SubS—O,SuCS]Jrj{?ub —ﬁucsD (1.5)

uS

S S 2

Chuong 1: Vector khong gian va B nghich luu ba pha I.1
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Hinh 1.2: Vector khong gian dién ap stator trong hé toa do af3.

Theo hinh v& trén, dién 4p cua timg pha chinh 13 hinh chiéu cua vector dién ap
stator u; lén truc cua cudn day tuong ing. Doi véi cac dai luong khac cua dong co: dong
dién stator, dong rotor, tir thong stator va tir thong rotor déu c6 thé xay dung cac vector
khong gian twong img nhu doi vdi dién ap stator & trén.

I.2. Hé toa d¢ cb dinh stator
Vector khong gian dién ap stator 1a mdt vector c6 modul xac dinh (|ug|) quay trén
mit phang phirc vé6i toc do goc o, va tao véi truc thuc (tring voi cuén diy pha A) mot goc
ot. Dt tén cho truc thuc 14 o va truc ao 1a B, vector khong gian (dién ap stator) c6 thé
dugc mo ta thong qua hai gia tri thuc (us,) va ao (usg) 1a hai thanh phan cua vector. Hé toa

do nay 1a hé toa do stator c¢d dinh, goi tat 1a hé toa d¢ af3.

iBA
iB ,
Cudn day
pha B
Cudn day
pha A o
>
Cudn day N
pha C \\
\
\

Hinh 1.3: Vector khong gian dién ap stator uva cac dién ap pha.

1.2

Chuong 1: Vector khong gian va B nghich luu ba pha
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Biang cach tinh hinh chiéu cac thanh phan cua vector khong gian dién ap stator
(um,usﬂ) 1én truc pha A, B (trén hinh 1.3), c¢6 thé xac dinh cc thanh phan theo phuong

phép hinh hoc: _
usa uSOL (1 7a)
< 1 V3
Usp=——u,_ +—u 1.7b
2 sa 2 sp ( )
(.
suy ra _
Usq = Usa (1.82)
1.8b
v, +2u,) -
NG

~
Theo phuong trinh (1.1), va dya trén hinh 1.3 thi chi cn x4c dinh hai trong s6 ba dién ap

pha stator 14 c6 thé tinh dwgc vectortii, .

Hay tir phuong trinh (1.5)

u, :E [uas —-0,5u,, —O,Sucs]+j ﬁubs —ﬁuCs (1.9)
3 2 2
c6 thé x4c dinh ma tran chuyén ddi abc — af theo phuong phap dai so:
s 1 - l - l uas
usa 2 2 2
=— u,, (1.10)
LEJ 3 3 B
R
2 2 cs
Vidu 1.2: Ching minh ma tran chuyén ddi hé toa do afy — abc?
1 0
uas \/_ I N
1 Uy
u, |=| -1 V3 (1.11)
2 2 Juy
R D S}
L 2 2

Bang cach tuong tu nhu d6i voi vector khong gian dién ap stator, cac vector khong
gian dong dién stator, dong dién rotor, tir thong stator va tir thong rotor déu cé thé duoc
biéu dién trong h¢ toa dd stator c¢o dinh (hé toa do o)) nhu sau:

U, = Ugq +] Ugp (1.12a)
i, = o+ s (1.12b)
> . - 1.12

< 1r=1rq+J1rB ( C)
_ . 1.12d
"Vs =\|ISOL +J\IIS]3 ( )
_ . (1.12€)
Wr :\Ijrq +,]Wr[3

\

Chuong 1: Vector khong gian va B nghich luu ba pha 1.3
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I1. B§ nghich luu ba pha
I1.1. By nghich lwu ba pha

||ty et ey sﬂE}'
~ B c =)
S 1o (o 2RI

Hinh 1.4: So d6 bd nghich luu ba pha can bang gom 6 khoa S1—S6.
Vidu 1.3: Chirng minh c4c phuong trinh tinh dién ap pha?
a) UNn :%(UAn +UBn +UCn)

2 1 1
b) UAN :EUAn _EUBn _EUCn

Phuong phap tinh mach dién:
Vidu 1.4: Tinh dién ap céc pha ¢ trang thai S1, S3, S6 ON va S2, S4, S5 OFF?

U,

Ud

A}
/1

=

Hinh 1.5: Trang thai cac khoa S1, S3, S6 ON, va S2, S4, S5 OFF (trang thai 110).

Chuong 1: Vector khong gian va B nghich luu ba pha 1.4
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I1.2. Vector khong gian dién ap

Don vi (Udc)
Val| V| Ve Uga Usp Uge Uap Upe Uca U Deg Ug
K | St | S3|Ss| Uan | Upn | Uen | Uas | Usc | Uca Usy | Ugp
0 0 0 0 0 0 0 0 0 0 Up Uooo
1 1 0 0 2/3 -1/3 -1/3 1 0 -1 U, 0°
2 1 1 0 1/3 1/3 -2/3 0 1 -1 U, 60°
3 0 1 0 -1/3 2/3 -1/3 -1 1 0 Us 120°
4 0 1 1 -2/3 1/3 1/3 -1 0 1 Uy 180°
5 0 0 1 -1/3 -1/3 2/3 0 -1 1 Us 240°
6 1 0 1 1/3 -2/3 1/3 1 -1 0 Usg 300°
7 1 1 1 0 0 0 0 0 0 U, Uiy

Béng 1.1: Cac dién 4p thanh phan tuong (mg véi 8 trang thai ciia by nghich luu.
Vidu 1.5: Tinh cac dién ap thanh phén U, VA Ugg twong Umg véi 8 trang thai trong
bang 1.1?

+¢* Piéu ché vector khong gian dién ap sir dung bd nghich luu ba pha
Xét bo nghich luu ¢ trang thai 100, khi d6 cac dién ap pha u,=2/3Udc, ug= —1/3Udc,
uy=-1/3Udc. Theo phuong trinh (1.3), i (t) = %[ﬁw (t)+1i, (t) + 1, (t)] hay phuong trinh

(1.4), U,(t) = %[u () +uy, (D™ +u (H)e™ ] =G (1) = %Udceﬂ’" , €6

U;(100)

c¥
Hinh 1.6: Vector khong gian dién ap stator u ung voi trang thai (100).
O trang thai (100), vector khong gian dién 4p stator i, c6 do 16n bang 2/3Udc va

c6 gbce pha trung véi truc pha A.

Vidu 1.6: Tim (d0 16n va goéc cua) vector khong gian di¢n ap stator u (t)Ung voi
trang thai (110)?

Chuong 1: Vector khong gian va B nghich luu ba pha L5
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Xét twong tu cho cac trang thai con lai, rit ra dugc cong thic tong quat

ik-n%
Uk:§ e y6ik=1,2,3,4,5,6.
U; (010) U, (110)
CcCw
Uy (000)
U, (011) > U, (100)
U, (111)
o/
Us (001) Us (101)

Hinh 1.7: 8 vector khong gian dién 4p stator twong Uing véi 8 trang thai.

k-7
Uk=§UdceJ Y k=1,2,3,4,5,6. Uy va Uy 1a vector 0.

Céc truong hop xét ¢ trén 1a vector khong gian dién ap pha stator.

> Truc ug,

Hinh 1.8: Cac vector khong gian dién &p pha stator.

. V4
2 i3

U e k=1,2,3,4,5,6

phase k =5 Yde
3
Béng cach diéu khién chuyén d6i trang thai dong cat cac khoa cua bd nghich luu dé
dang diéu khién vector khong gian di¢n ap “quay’ thuan nghich, nhanh cham. Khi dé dang
dién ap ngd ra bd nghich luu c6 dang 6 budc (six step).

Chuong 1: Vector khong gian va B nghich luu ba pha 1.6
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Hinh 1.9: Céc dién ap thanh phan twong tmg voi 6 trang thai.

Trong mot s6 trudng hop, can xét vector khong gian dién 4p day cua stator.

Gy (0 = 2 0+, (0 + 5, (0]

Ugp
2 NN
Uax i Ugi
1 1
1 1
1 1
1 1
| UdO |
] 1
1 |
| Ug i > Truc uy,
1 |
1 |
1 1
1 1
1 1
] 1
Uy 4 - Ugs
N il
Usgs

Hinh 1.10: Céc vector khong gian dién ap day stator.

(2k-n~
Ulinefk :g'\/gUdceJ(2 1)6 k: la 2a 3a 4a Sa 6

+¢ Diéu ché bién dd va goc vector khong gian dién 4p dung bd nghich lwu ba pha

Us; (010)

U, (110)
CCW

i
// , \ \\
Uy 011) I3 U, (100)
\ 1/
\\\\ ///
\
Cw
Us(001) T Us (101)
Hinh 1.11: Diéu ché bién do va goc vector khong gian dién ap.

Chuong 1: Vector khong gian va B nghich luu ba pha 1.7
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T T T
u, =——U +——U,+—>U,(U,) hay u,=a.U, +b.U,+cU,(U,)
PWM PWM PWM
in(™ —
3 \/5|us| s1n(3 o) 3 \/Eus sin o 2U,.
a=— b=——"7-"-——— c=(a+b) —*—1
2 Udc . 21 2 Ude . 2m 3lu,
sin—— sin——

2U
Trong d6: a+b+c:(a+b)(3—d°]zl
u

= T1 = a.TpWM T2 = b.TpWM To = C.TPWM

véi chu ky dléu r@ng xung: TPWM ~ (T] + Tg) + T() hay T() ~ TPWM — (T] + Tg)

vo1 Tpwwm = const
Tong quat: us =a.Uy + b.Uxreo + ¢.{Uo, U7}

Trong do, a 1a gdc gitra vector Uy va vector dién ap us.

Biang cach diéu khién chuyén doi trang thai dong cit cac khoa clia bd nghich luu
thong qua T, T, va Ty, dé dang di€u khién do 1én va toc d§ quay cua vector khong gian
dién ap. Khi d6 dang dién ap ngo ra bg nghich luu c6 dang PWM sin.

SMOMEr N UOPSEon,
b Lomwsar Waoltage
| x
r [ I !
",

Lovwear
Frequency, T
Lovwear
“altage

_.,_| R P —

Longer "On" Duration,

{ Higher “aoltage

(L0 S

! 1
Higher I| i I
Freguency, || [ I
Higher |
“oltage 1

Hinh 1.12: Diéu ché bién do va tan sb dién ap.

Voltage

Current

Chuong 1: Vector khong gian va B nghich luu ba pha 1.8
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Hinh 1.13: Dang di¢n ap va dong dién PWM sin.

Vidu 1.7: Ching minh [u e’ =T, (%Udc] + T{%UdceJ6J

Bai tap 1.1.
Bai tap 1.2.

Bai tap 1.3.

Bai tap 1.4.

Bai tap 1.5.
Bai tap 1.6.
Bai tap 1.7.

Bai tap 1.8.

bi¢n ap ba pha 380V, 50Hz. Tai thoi diém t = 6ms. Tinh Usa, Ush, Use, Usg VA
ugp, |ug|? Biét goc pha ban dau cta pha A 13 6, = 0.

bién ap ba pha cép cho b nghich luu la 380V, 50Hz. Tinh dién dp pha l6n
nhat ma b nghich luu c6 thé cung cap cho dong conoi Y.

bién ap mot pha cap cho bd nghich’lu'u la 220V, 50Hz. Tinh dién &p day l6n
nhat ma b nghich luu c6 thé cung cap cho dong co.

Dién ap ba pha cap cho b nghich luu 1a 380V, 50Hz. Dién ap pha bo nghich
luu cap cho dong co la 150V va 50Hz. Tal thoi diém t = 6ms. Tinh Ty, T, va
To? Biét goc pha ban dglu 0, = 0 va tan s6 diéu rong xung la 20KHz.

Lap bang va v€& gian do vector cac di¢n ap day thanh phan tuong tng voi 8
trang thai cua b nghich luu.

Néu cac chirc ning cua khoa S7 va cac diode nguoc (mic song song voi
cac khoa dong cat S; —Se) trong bd nghich luu?

Cho Uy, = 309V, trang thai cac khoa nhu sau: S,, S;, S¢: ON; va Sy, Sy,
Ss: OFF. Tinh cac dién ap ug,, g, Us, Uap, Upc?

Khi ting tan s6 diéu rong xung (PWM) ctia bd nghich luu, danh gia tac
dong cua song hai bic cao 1én dong dién dong co. Phuong phap diéu
khién nao c6 tan s6 PWM luén thay d6i?

Chuong 1: Vector khong gian va B nghich luu ba pha 1.9
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Chwong 2: HE QUI CHIEU QUAY

I. Hé qui chiéu quay
Trong mat phang cua h¢ toa do aff, xét thém mdt h¢ toa dd tha 2 co truc
hoanh d va tryc tung q, hé toa dd thur 2 nay c6 chung diém goc va nam I¢ch di mot

gbc 05 so voi hé toa do stator (hé toa do aff). Trong 46, w, = d(ia quay tron quanh

géc toa do chung, goc 0, = m,t + ®,9. Khi d6 s¢€ tdn tai hai toa d6 cho mot vector
trong khong gian twong tng véi hai hé toa d nay. Hinh v€ sau s€ mo ta moi lién hé
cua hai toa do nay.

. 1B A o,

Jq P

d
Usp

de,

w, =
dt
- Ugg
Ugq -

Hinh 2.1: Chuyén hé toa do cho vector khong gian u, tir h¢ toa do oy sang hé
toa do dq va nguoc lai.
Tt hinh 1.5 dé dang rat ra cac cong thic vé mbi lién hé cua hai toa do cua
mot vector img vo1 hai hé toa do afy va dq. Hay thyc hién bién do1 dai so:

_ i : (1.10a)
Uy = UgqCOSO, - Ugqsind, (1.10b)
Ugg = Uggsind, + uy,coso,
Theo pt (1.9a) thi: i =u, +jug (1.11)
va tuong tu thi: U =uy +jug (1.12)
Khi thay h¢ pt (1.10) vao pt (1.11) s& duogc:
i =(ucos0, — usqsinﬁa)+ j(usdsiné’a +ug, cos Qa)
= (usd + juy, )(cosé?a +jsin @, )= i%e'* (1.13)
- —dq .6, . o i
Hay u =uge’ o i =i (1L14)
Thay pt (1.11) vao pt (1.14), thu dugc phuong trinh:
Ugg = UgoCOSO, + upsing, ((11 } ;23

Ugq = - UgSin0, + ugpcos0,

Chuong 2: Hé qui chiéu quay IL1
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II. Biéu dién cac vector khong gian trén hé toa do tir thong rotor
‘ Muc nay trinh bay cach bi€u dién cac vector khong gian cua dong co khong
dong bd (DCKDB) ba pha trén hé toa dJ tir thong rotor. Gia thiét mot BPCKDB ba

r.* /( A r d /( A 2 r.* 7
pha dang quay voéi toc do goc m:d—? (toc dd quay cua rotor so véi stator ding

yén), voi 0 1a goc hop boi truc rotor vai truc chuan stator (qui dinh truc cudn day
pha A, chinh 1a tryc a trong hé toa do o).

Cudn day
\'\\- pha B

o

Cudn day

pha A

Truc rotor

thong rotor ;

Hinh 2.2: Biéu dién vector khong gian fs trén hé toa do tur thong rotor, con goi la
hé toa d6 dq.

Trong hinh 1.6 biéu dién ca hai vector dong stator i, va vector tir thong rotor

do,
dt

¥, . Vector tir thong rotor . quay véi toc d6 goc o, = ~ o, = 2nf, (tbc dd quay

cta tir thong rotor so v4i stator ding yén). Trong do, f, 13 tn s6 ctia mach dién
stator va ¢, 1a géc cua truc d so véi truc chuan stator (truc o).

Chuong 2: Hé qui chiéu quay 1.2



Bai giang Hé Thong Piéu Khién S6 (DCKDB) TOB

D0 chénh I¢ch gitra ws va o (giad thiét sb ddi cuc cua dong co 1a p=1) s€ tao
nén dong dién rotor vdi tan sb f, dong dién nay ciing c6 thé duoc bidu dién dudi
dang vector i quay voi tbc do goc g = 21ty (0g = 05 - ©® = ®, - ®) so Vi vector
tur thong rotor .

Trong muyc nay ta xay dung mot hé truc toa do madi co hudng truc hoanh
(truc d) tring véi truc cua vector tir thong rotor . va ¢ goc trung voi goc ciia hé
toa do a3, h¢ toa do nay duoc goi 1a h¢ toa do tir thong rotor, hay con goi 1a hé toa
dq. Hé toa d6 dq quay quanh diém gbc chung véi toc d6 goc o, = w,, va hop voi hé
toa d o mot goc ¢,

Viy tuy theo quan sat trén hé toa do nao, mét vector trong khong gian s€ co
mot toa d6 twong ing. Qui dinh chi s6 trén bén phai cta ky hiéu vector dé nhan biét
vector dang dugc quan sat tir hé toa do nao:

. s: toa d0 af} (stator coordinates).

- f: toa do dq (field coordinates).

Nhu trong hinh 1.6, vector i s& dugc viét thanh:

. i1 vector dong stator quan sat trén hé toa do op.
n i":  vector dong stator quan sat trén hé toa do dq.
Theo pt (1.8a) va pt (1.11) thi:
(= . .. (1.16a)
b=l T (1.16b)
< -
i1 =g + ] isq
Néu biét dirgc goc ¢, thi s& xac dinh duge méi lién hé:
fI T i (1.17a)
S0 (1.17b)
S o
i = 1 Se It
~

Theo hé pt (?2?) va pt (1.17b) thi ¢6 thé tinh dugc vector dong stator thong
qua cac gia tri dong 1, va i, do dugc (hinh 1.7).

Chuong 2: Hé qui chiéu quay IL.3
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Udc

Piéu

khién = |Nghich
> o
3~

a b C ¢rl
@ Lsa > 5 is(x R %
@ Isb > e—m
i isB n 1.
3 . g,
PC KDB M pt (2...) pt(2..)
3~

Hinh 2.3: Thu thap gié tri thuc cia vector dong stator trén h¢ toa do dq.

Tuong ty nhu ddi v6i vector dong stator, ¢ thé biéu dién cac vector khac
cua DCKDB trén hé toa do dq:

(3 cig iy 811553
i = U i (1.18¢)
I (1.18d)

L =it (1.18¢)

\Tji = Wsd +j\vsq

I_I)f = Wrd +erq

\

Tuy nhién, dé tinh dugc iy va iy thi phai xac dinh dugc goc ¢, goc ¢, duge
xac dinh thong qua ®, = ® + ®y. Trong thuc té chi c6 o 1a co thé do duoc, trong khi
(téc do truot) wg = 2nfy véi £ 1a tan sd cua mach dién rotor (léng soc) khong do
dugc. Vi vay phuong phéap diéu khién DPCKDB ba pha dua trén cac mo ta trén hé
toa do dq bt budt phai xdy dung phuong phap tinh o, chinh xac. Cha y khi xay
dung mo hinh tinh todn trong hé¢ toa d¢ dq, do khong thé tinh tuyét dbi chinh xac
goc ¢, nén van giir lai Y, (v,,=0) dé dam bao tinh khach quan trong khi quan sat.

II1. Uu diém ciia viéc mé ta dong co khong dong bd ba pha trén hé toa dd tir
thong rotor

Trong hé toa do tir thong rotor (hé toa do dq), cac vector dong stator i va
vector tir thong rotor §', cing véi hé toa do dq quanh (gan) dong bd voi nhau véi
téc d6 o, quanh diém gdc, do d6 cac phan tir ciia vector i (i va 1gq) la cac dai
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lugng mot chiéu. Trong ché do xac 1ap, cac gia tri nay gan nhu khong d6i; trong qua
trinh qua do, cac gia tri nay co6 thé bién theo theo mot thuat toan diéu khién da duoc
dinh trudc.

Hon nira, trong h¢ toa d6 dq, w,;=0 do vudng gboc véi vector y! (trung véi

. (1.19)

Dbi v6i DPCKDB 3 pha, trong hé toa do dg, tir théng va mémen quay duoc
biéu dién theo cac phan tir cua vector dong stator:

truc d) nén ‘\T]f

4 L (1.20)
\Ijrd: lsd
) I+ Ts (1.20b)
3L, J dw
T, = =T, ———
e 2 L pl//rd sq L P dt

(Hai phuong trmh trén s€ dugc chirng minh trong chuong sau).
VOl: e momen quay (momen dién) cua dong co
. dién cam rotor
m  ho cam giira stator va rotor
s6 doi cuc cua dong co
. hang s6 thoi gian cua rotor
toan tr Laplace
Phuong trinh (1.20a) cho thay c6 thé diéu khién tir thong rotor y, = |

v 40 -

thong qua diéu khién dong stator iyy. Dac biét mbi quan hé giira hai dai lugng nay la
mdi quan hé tré bac nhat voi thoi hang T,.

Néu thanh céng trong viéc 4p dat nhanh va chinh xac dong iy dé diéu khién 6n
dinh tir thong v, tai moi diém lam viéc ciia dong co. Va thanh cong trong viée ap
dat nhanh va chinh xac dong iy, va theo pt (1.20b) thi co6 thé coi isq 12 dai luong
diéu khién cia momen T, ctia dong co.

Biang viéc mo ta DPCKDB ba pha trén hé toa do tir thong rotor, khéng con
quan tim dén timg dong dién pha riéng 1é nita, ma 1a toan bd vector khong gian
dong stator ciia dong co. Khi d6 vector i, s& cung cip hai thanh phan: iy dé diéu
dé diéu khién momen quay T,, tir d6 co thé diéu khién

toc do cua dong co. ) -
1gq ™ .

(1.21a)

. 1.21b
g > Te > o ( )

Khi d6, phuong phap mé ta BPCKDB ba pha tuong quan glong nhu dbi voi
dong co mot chidu. Cho phép xay dung hé thdng diéu chinh truyen dong BCKDB
ba pha tuong ty nhu truong hop st dung dong co dién mdt chiéu. Diéu khién tdc do

DCKDB ba pha o thong qua diéu khién hai phan tir ctia dong dién i, 13 iy va igq.

Chuong 2: Hé qui chiéu quay IL5
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Chuong 3: MO HINH PCKPB TRONG HE QUI
CHIEU QUAY

I. Mt s6 khai niém co ban ciia dong co khong dong bd ba pha

I.1. Mot s6 qui wéc ky hiéu dung cho diéu khién PCKDB ba pha
Pé xay dung mo hinh moé ta dong co KPB ba pha, ta thong nhat mot sé qui
udce cho céac ky hi¢u cho cac dai luong va cac thong so ciia dong co.

Cu¢n day
pha B
Usp
®
rotor
1A 0
% / Truc chuin

L — >
l la i Cuon day

lic «—— /| phad

y Uga

iSC

Cuon day
pha C

stator

Hinh 2.1: M6 hinh don gidn cua dong co KDB ba pha
i R L L I,

S S o5 or
—» —
I

Hinh 2.2: Mach tuong duong ctia dong co KPB ba pha

Truc chuin cta moi quan sat dugc qui udc la truc cia cudn day pha A nhu
hinh 2.1. Moi cong thirc dugc xdy dung sau nay déu tuan theo qui udc nay. Sau day
la mot so cac qui ude cho céac ky hicu:
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* Hinh thire va vj tri cac chi so:
o Chi s0 nho goc phdai trén:

S dai lugng quan sat trén h¢ qui chiéu stator (hé toa do ap).

f dai luong quan sat trén hé qui chiéu tir théng rotor
(hé toa d6 dq).

r dai luong quan sat trén hé toa dg rotor voi truc thuc 1a truc cta

rotor (hinh 1.6).
* gia tri dat
e gia tri uoc luong

o Chi 56 nhé géc phdi dudi:

0 Chir cdi dau tién:

S dai lugng cua mach stator.
r dai lugng cua mach rotor.

O Chit cdi thir hai:

d,q phén tir thude hé toa do dq.
o, B phﬁn tur thudc hé toa do af3.
a,b,c dailugng ba pha cua stator.
A, B, C dai lugng ba pha cua rotor, ludi.

o Hinh miii tén () trén ddu: ky hiéu vector (2 chiéu).
o D Iom (modul) ciia dai heong: ky hidu giita hai ddu gach dung (| |).
= Cac dai lwgng caia DPCKDB ba pha:

s
¢r
o
¢

dién ap (V).

dong dién (A).

tr thong (Wb).

momen dién tir (N.m).

momen tai (momen can - torque) (hay con ky hiéu 1a Mt) (Nm).
tdc do goc cua rotor so véi stator (rad/s).

tbc d6 goc cua mot hé toa do bat ky (arbitrary) (rad/s).

tdc do goc cua tir thong stator so vai stator (o, = m + ) (rad/s).
tdc d6 goc cua tir thong rotor so véi stator (o, = o) (rad/s).

tdc d6 goc cua tir thong rotor so véi rotor (tdc do truot) (rad/s).
goc cua truc rotor (cudn day pha A) trong hé toa do aff (rad).
goc cua truc d (hé toa do quay bt ky) trong hé toa d6 o (rad).
goc cua truc d (hé toa do quay bat ky) so voi truc rotor (rad).

gdc cua tu thong stator trong hé toa do af (rad).

gdc cua tur thong rotor trong hé toa do oy (rad).

gdc cua tur thong rotor udc luong (estimated) trong h¢ toa do o3 (rad).
gbc pha gitra dién ap so voi dong dién.

= Cic thong s6 cia PCKDPB ba pha:

FR R

(e}
7}

h*"Uqr‘l_‘l_‘

dién trd cudn day pha cua stator ().

dién trd rotor dd qui d6i vé stator (Q).

hd cam giira stator va rotor (H).

dién khang tan cua cudn day stator (H).

dién khang tan ctia cudn dy rotor di qui doi vé stator (H).
s6 d6i cuc cua dong co.

momen quan tinh co (Kg.mz).

Chuong 3: M6 hinh DPCKDB trong hé qui chiéu quay 1.2
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= Cac thong s6 dinh nghia thém:

Li=L,+ Lg dién cam stator.
L.=L,+Lg dién cam rotor.

L N IO
T, = RS hang s6 thoi gian stator.

L N IO
T, = Rr hang s6 thoi gian rotor.

r L2 . .
c=1-—= h¢ so tir tan tong.
LSLT
Tsamp chu ky léy mau.
= Cc dailwgng viét bang chir thuwong — chir hoa:
Chtr thuong: bai luong tirc thoi, bién thin theo thoi gian.
Dai lugng la cac thanh phan cua céc vector.

Chir hoa: bai luong vector, module cua vector, dd 16n.

I.2. Cac phuwong trinh co ban cia DPCKDB ba pha

Cac phuong trinh toan hoc cua dong co can phai thé hién rd cac dic tinh thoi
gian cta dbi tugng. Viée xay dung mo hinh ¢ day khong nham muc dich mé phong
chinh x4c vé mic toan hoc ddi tugng dong co. Viéc xdy dung mod hinh ¢ day chi
nhiam muc dich phuc vu cho viéc xdy dung cac thuat toan diéu chinh. Piéu do cho
phép chap nhan mot so diéu kién gia dinh trong qua trinh thiét 1ap mo hinh, tat
nhién s& tao ra mot s sai 1éch nhét dinh giira d6i twong va mo hinh trong pham vi
cho phép. Cac sai 1éch nay phai duoc loai trir bang k¥ thuat diéu chinh.

bic tinh dong ctia dong co khong déng bd dugc mo ta voi mot hé¢ phuong
trinh vi phan. Pé xay dung phuong trinh cho dong co, gia dinh 1y twong hoa két cau
day quan va mach tir v6i cac gia thuyét sau:

= Cac cudn day stator duoc bd tri dbi xtng trong khong gian.

= Bod quacac tdn hao sit tir va su bao hoa ciia mach tu.

= Dong tir hoa va tir trudng phéan b hinh sin trong khe hd khong khi.
= Cac gia tri dién trd va dién khang xem nhu khong doi.

i R L L i,

_.S'> s os or <_
|
v, zml L, R,
s
3.?’
R Ly Loy i
= L
ij
.‘_
T
A/
S,
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R, i, L, L R!

s H or H 7
vs J/ ) im\L*l‘m * l//: Vr
()
e
Joy,
w I
Vot = Folgne + E}zdf
%
. Y izc
Vame =Rri st
Vs = Lelape + Lo Lipe
Y ope =Limc +Lo 1
Youe =[Va ¥y 1':(]r Lanc =[I..z Iy !.:].‘
vae =[va vs vl ige =[is 1 ic]
r i T I A
cos u:c-'.lf-f+dr| ccslf-f—z_;r
N L3 )
[ 2 [ am)
L. =1, u:-::--'JE-f—— cosd ccsllf-f+ ;
T [ 2r)
u:-::--'JE-f+ u:c.lf-f—— cost
LW 3 N ]
I:r.z -[aﬁ L:r:_ IVL.L-! L.:’.E L.JC‘
L =r¢n Ly L L =rﬁi Liz LECJ
‘r‘r-" L:& ‘r‘rr —. Lc‘.i ICB LCC
Phuong trinh di¢n ap trén 3 cudn day stator:
) dv (t
a0 = Riig (0 + = (2.1a)
) dw (t
() = Riia() + 2 (2.1b)
. dw, (t
Use(t) = Rylse(t) + —:;t( ) (2.1¢)
Biéu dién dién ap theo dang vector:
(1) = % () +uy (De™ +u (e (2.2)
Thay cac phuong trinh di¢n ap pha (2.1a),(2.1b),(2.1c) vao (2.2), ta dugc:
- - dyr(t
Q=R i + L0 (23)
Trong d6, twong tw nhu dbi véi dién ap:
()= %[1 () +i, (e +i (t)e ] (2.4)
— 2 H 0 . 0
0 =2y, 0+ v, 0 v 0] 2.5)

Tuong tu, ta c6 phuong trinh dién 4p cia mach stotor. Khi quan sat trén h¢ qui
chiéu rotor (rotor ngan mach):

Chuong 3: M6 hinh DPCKDB trong hé qui chiéu quay 1.4
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- = < d¥(t

i (t) =O:Rr1r‘(t)+T() (2.6)
Cac vector tir thong stator va rotor quan hé€ véi cac dong stator va rotor:

U, =L +L_i (2.7a)

Y, =L i +L.i (2.7b)

DCKDB la mdt hé dién co, c6 phuong trinh momen:

[ Ty Y | |
I,=- M‘: sin B\ i ,+izip +z'(r'c:|+t-i.u[ﬂ —iiz'aic +igi g +idg :I+siufﬂ‘ +% i f,..1'5+r'51'c+z'l.r'4:|
| V3 : \ M <)
3 -3
Te _Ep(WSXIS)_-Ep(WrXIr) (28)
va phuong trinh chuyén dong:
T,=T, + 29 2.9)
p dt

% Viéc xdy dung cac mo hinh cho PCKDB ba pha trong cac phan sau déu phai
dua trén céc phuong trinh co ban trén day cta dong co.

I1. M6 hinh lién tuc cia DPCKDB trén hé toa d¢ stator

Rs Lfi" jma]‘?sis er Rr jm:{ rir
— V) — Y
e O+
1 1

-5 ]-_rn -T
= + i’!m JON j

jo L 1

4 m-im

Tuong tu nhu (1.13), tir hé quy chiéu rotor quy vé hé quy chiéu stator theo cac
phuong trinh:
ir=ite’ (2.10)
=y’ (2.11)
.. dv X
Vol e o (theo hinh 1.6).

Thay pt (2.10) va pt (2.11) vao pt (2.6), qui pt (2.6) vé hé quy chiéu stator:

0=R. i’ +d§;f oy (2.12)
Vay tir cac pt (2.3), (2.7), (2.8), (2.9) va(2.12) ta ¢6 hé phuong trinh:
3 o L Ay
=R+ Y 2.13
. DN (2.13a)
0=R, I + d(‘;ir - oy (2.13b)
P =Li’+L_i° (2.13¢)
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TOB

\_‘l.ji = Lm_{ss +Lr_i>rs
3 - 3 -
T. = =p(v.xi )=-—p(y. X1
€ 2p(\lls 5) 2p(\vr r)
T,=T, + 140
p dt

(2.13d)
(2.13¢)

(2.13f)

Dé xac dinh dong dién stator va tir théng rotor, tir pt (2.13d) va pt (2.13c¢) co:

=L (oL, (2.14)
LI'
- S _..Y Lm .S _'X
sl Wi -r,i) 2.15)
Thay (2.14) va (2.15) vao (2.13a) va (2.13b), voi céc dinh nghia sau:
= Ts= % - hing s thoi gian stator.
L O
= T = R‘ : hdng so thoi gian rotor.
r L2 , ,
" o=1-—2-:h¢ so tu tan tong.
Phuong trinh (2.13a) va (2.13b) tr¢ thanh:
i@ =RP* +oL, 3 Ln dV: 2.16)
dt L, dt
L.~ | I R\
0=_—mjs | 2 _ St 2.17
Tr . (Tr ijwr dt ( )
suy ra:
dy L~ 1
—L =i | ——jo |y 2.19
d T ° (Tr ! J\l/, (-19)
Thay (2.19) vao (2.16):
Lok ol il L (2.20)
dt ol, oT, oL \T, ol
Lo (1 ..
o S LR LI £ 2.21
i T (Tr ] j\vr (2.21)
Chuyén sang dang cac thanh phan cta vector trén hai truc toa do:
di 1 1-o l-o l-c 1
s | + i+ . + — 2.22a
dt (GTS oT. ]ls‘* oT L et Ve Top e (2:222)
di 1 l-o l-o l-o 1
sp .
=— + + - +— 2.22b
dt (GTS oT, }SB oTL_ '® oL OVWeTop U (2.220)
dy L,.. 1
oo gy 2.22¢
dt Tr lsot Tr Wra O‘)Wrﬁ ( )
dv,;, L 1
L e T Y ) 2.22d
dt Tr sp Tr Wrﬁ Wrot ( )
1.6
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-1 -
Thay pt (2.14) it = L_(“" L,
vao pt (2.13e), co:
3 1 (= =\ 1 3,LL (- =
T =—= x\y: —-L_ i} )—|==P—\y x.i
LG R B 7
Thay cac thanh phéan ciia vector tir thong rotor va dong stator, duoc:
3 L, . :
T= 3o (Pudy ~ Wi (2.24)
do p
-1
dt J[ e L]

II1. M6 hinh cia PCKDB trén hé toa do tir thong rotor (toa do dq)

Theo hé pt (1.17), biéu dién pt (2.3) va pt (2.6) 1én hé truc toa do tir théng

rotor (h¢ tryc dq):

G f

=R+ jwslifswddits (2.28a)
qs f
0 =R,i' +jogP + dzr (2.28b)
Vi 1ss...
e, dP]
Co il =Ryi+ jo ‘Psf+d—ts (2.29a)
Js
0 =R,i' +jog ¥+ d:;r (2.29b)
Két hop vé6i hai pt trén véi hé phuong trinh (2.7), ¢6 hé phuong trinh:
721
i =R+ jws\i’j+% (2.30a)
Js f
0=R i +(0, - 0)P' + d:;r (2.30b)
gl=L i +L if (2.30c)
gl=L if+L.if (2.30d)
Suy ra
f 1 f f
1, =—\¥Y, —-L_1
r Lr ( T m s)
2 -
pr = (LS _Ln jiﬁ oo g
Lr Lr
Chuong 3: M6 hinh DPCKDB trong hé qui chiéu quay 1.7
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Thyc hién tuong tu ddi véi viee xay dung mo hinh dong co trén h¢ toa do aff, khir

cac bién i’ va !, dugc hé sau:

i/ ——[ 1 +1“’jff ~jo,if +—1‘“(i—jwjy7f g
S S7s GLl T GLJ S

dt ol, oT, o T, .
dy! L, - ).
T . —[T—ﬂ%}//f
Chuyén sang dang cac thanh phan cta vector trén hai truc toa do:
di, 1 1-0o). . l1-o l1-o 1
L= _ + lgg T Oglgq T v+ oV + u 2.31a
dt {csTS oT, J M oTL, “ oL, ™ oL, ™ ( )
di, 1 1-0o). . l-o l-o 1
L= | —— |1y~ Ol T v — oV ,+—u 2.31b
dt (GTS oT, J MUSMTSTL, M oL, M oL, @ (2.310)
d¥Y L
dtrd :T_m .- rlPrd +a)51llfrq (231C)
d¥, L
nole _Ti\{!rq —0,¥, (231d)
Trong h¢ toa dd dq, y,q=0 do vudng goc véi vector y! nén ! |=yq.
dig, 1 1-0o). . l-o 1
4= + gt Olgg T v+ 2.32a
dt [GTS oT, j «d o ol L, " oL, Y ( )
Gy o (L 1m0} i ew Ly (2.32b)
dt oT, oT, )™ . oL, " oL, ¥ .
v, L_. 1
dtd = T—lsd _T_lPrd (232C)
d¥
Trq =0 (2.32d)
L.
va Trlsq— (O8] \Prd
Phuong trinh moment:
L)y L
Thay Y= (LS ——mJisf +—mpf (2.33)
LI' Lr
Vio: T - %p(\if; xif) (2.34)
. 3 L. .
c6 T, = EpL—(‘Prdlsq ~¥ i) (2.35)
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L, i

véi the do truot: g = 0,— ® = -2 s (2.36)
Tr \Prd
T,=T,+ 29° . (2.37)
pdt | pdt

Trong hé toa do tir thong rotor (hé toa do dq), cic vector dong stator i va
vector tir thong rotor ', ciing v6i hé toa d6 dq quanh (gin) dong bd véi nhau véi
tde d6 o, quanh diém géc, do d6 cac phﬁn tir cia vector fsf (1sa va 149) 12 cac dai
lrong mot chiéu. Trong ché d6 xac 1ap, cac gia tri ndy gan nhu khong doi; trong qua
trinh qué dg, cac gia tri nay co thé bién theo theo mot thuat toan dicu khién da duoc
dinh trudc.

Hon nita, trong h¢ toa do dq, y,=0 do vudng goc véi vector ! nén ‘\T/f

=Wrg-
bdi véi DPCKPB 3 pha, trong hé toa do dq, tir thong va mémen quay duogc

bicu dien theo cac phan tur cta vector dong stator:
s

_ Lm i
Wrd 1+TrS sd
) 3L Jd
(4]
T =2"m i =T -2
e 2Lr pl//rd sq L P dt

\
(Hai phuong trinh trén dwoc trinh bay tua theo phuong trinh (2.34c) va phuong
trinh (2.34d) trong chuong II).

Phuong trinh trén cho thay c6 thé diéu khién tir thong rotor v, = |y, | thong

qua diéu khién dong stator ig4. Pac biét mbi quan h¢ gitta hai dai lugng nay la mbi
quan h¢ tré bac nhat véi thoi hang T,.
Néu thanh cong trong viéc ap dat nhanh va chinh xac dong iy dé diéu khién on
dinh tir thong v, tai moi diém lam viéc cua dong co. Va thanh cong trong viéc ap
dat nhanh va chinh xdc dong iy, va theo pt (1.20b) thi co thé coi isq 12 dai luong
di€u khién cia momen T, cua dong co.

Bang viéc md ta DPCKDB ba pha trén hé toa d tur thong rotor, khong con
quan tdm dén tung dong dién pha riéng 1¢ nira, ma la toan bd vector khong gian
dong stator ciia dong co. Khi d6 vector i, s& cung cép hai thanh phan: iy dé diéu
khién tir thong rotor .5 isq dé diéu khién momen quay T, tir 46 c6 thé diéu khién
tdc do cua dong co.

iSd % |\Tlr

0

Igg > Te > o 0

Khi d6, phuong phap mé ta DCKDB ba pha twong quan gidng nhu dbi véi
dong co mot chiéu. Cho phép xay dung hé thong di€u chinh truyén dong PCKDB ba
pha tuong ty nhu truong hop st dung dong co dién mdt chiéu. Pi€u khién toc do
DCKDB ba pha o thong qua diéu khién hai phan tir cia dong dién i, 13 iy va Igq.

U'u diém khi ciia mo hinh tén ciia PCKPB trong HTD dq so véi HTD af:

Chuong 3: M6 hinh DPCKDB trong hé qui chiéu quay 1.9
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Céc dai lugng khong bién thién dang sin theo thoi gian.
H¢ phuong trinh don gian hon (y4=0).
Phén ly diéu khién tir thong rotor V.| v momen T, (téc 46 ).

Gan giong voi dieu khién dong co mot chicu.

Sl

Chuong 3: M6 hinh DPCKDB trong hé qui chiéu quay 11.10
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Chuong 4: PIEU KHIEN PINH HUONG TU THONG
PCKDB

I. Hiéu chinh PID (PID CONTROL)

r(t) e(t) u(t) | Poi twong c(t)
¥ PID didu khién

Phuong trinh vi phdn mo ta hi¢u chinh PID:

Ll(t) =Kp e(t) + Klje(t)dt + KD%

Kp: hé s6 khau ti 1¢.
Ki: h¢ s6 khau tich phan.
Kp:hé so khau vi phan.

Bién ddi Laplace:

K K
G(s )_u(s) 1+L+TD.S trong do: T, =—*X, T, =—2
e(s) A T,.s K, K,

Vén dé thiét ké 1a can hiéu chinh cac gia tri K, K, va K, sao cho h¢ thoa dat

duoc chat lugng tbi uu.

Thi tuc hiéu chinh PID

Khéu hi¢u chinh khuéch dai ti 18 (P) dugc dua vao hé thong nham 1am giam
sai s& xac 1ap, v6i dau vao thay d6i theo ham nic s& gy ra vot 16 va trong mot sb
truong hop 1 khong chap nhan duge dbi véi mach dong luc.

Khau tich phan ti I¢ (PI) c6 mat trong hé¢ théng dan dén sai 1éch tinh triét tiéu
(hé vo sai). Mudn ting do chinh xac cua hé thong ta phai ting hé sé khuyéch dai,
xong v&1 moi hé théng thuc déu bi han ché va su c6 mit cua khau PI 1a bat budc.

Su ¢6 mit ctia khau vi phan ti 1& (PD) 1am giam do vot 15, dap tng ra b6t nhap
nho va hé thong s& dap img nhanh hon.

Khau hiéu chinh vi tich phan ti 1& (PID) két hop nhimng uu diém cua khau PD
va khau PI, c6 kha nang ting do du trir pha & tan sd cat, khir chAm pha. Sy c6 mat
cta khau PID co thé dan dén sy dao dong cuia hé do dap img qua do bi vot 16 boi
ham dirac 5(t). Cac bd hiéu chinh PID duoc ung dung nhleu trong linh vuc cong
nghiép dudi dang thiét bi diéu khién hay thuat toan phan mém.

Chuong 4: Diéu khién dinh huéng tir théng DCKDB v.1
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Tém tit Vai tro ciia mdi khau hiéu chinh (adjustment) trong bo diéu khién PID:

Khéu khuéch dai ti 1 Kp (Proportional gain):
Khi Kp tang

Sai s6 xéc lap giam

Vot 16 tang

Thot gian 1én nhanh

Khau tich phéan ti I¢ Ki (Integral gain):

Khi Ki tang
Sai 1éch tinh giam (triét tiéu - vo sai voi ham néc)
bép ting cham

Khau vi phan ti 1¢ Kd (Derivative gain):
Khi Kd tang

Vot 16 giam

Dap ting nhanh

Bét nhip nho (dao dong)

PI roi rac:

r(k) e(k) —uk)| Péituong | K
T PID SO | diéu khién

uk)=u, (k)+u, (k)
u, (k)=K , .e(k)
u,(k)=u,k-1)+K,.T.e(k)
Trong d6:T la tan sé ldy mau
Pap irng ciia hé thong sir dung bd diéu khién PID

Step response St Respones

Amplitude
o]
o
Amplituds

a 5 10 15 20 25 30 (e} 16 2 45 B4
Titne (secs) Time(=c)

Dap g budc ham nac 1(t)

Chuong 4: Diéu khién dinh huéng tir thong DCKDB v.2
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II. Piéu khién tiép dong

[deal CRPWN:

vector Y

Calculation of C La _ SR

rotor flux K Iy _ signals 'a "l
K— from motor it =i
— b

i% =i
o e i s = i
%2% Speed : Torque g3 Rt [ ' c a
contr. 1/ conlr. F/ .
) 8 i R’
) @ T p
Vi ke L ld I iz | W
Field Flux [35 3 C
wealk. %e contr. | M

I11. Piéu khién tiép ap

iu N \“'“ \:\ ’: I,
Speed s contr. | "gs 5 a i a
contr, lt|h :$ > g® n|.
*q i A b t !
. . WS
ds o €y s |€ r|. SPMSM
=1 -
O 25 contr. | ¥ds Vs Ye IL e
lt|h r

Fig. 3.5 - SPMSM drive with current control in field co-ordinates and phase voltage generation by

means of voltage space vector modulation.

IV. Phwong phap diéu khién dinh hwéng truong (FOC)
IV.1. M6 hinh dong co KPB 3 pha

Chuong 4: Diéu khién dinh huéng tir thong DCKDB V.3
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TOB
1 1o 1 1 \
> s L. >
1 3 =1t 1+5sT;
(=] L
i /2| & i | La P oy
T, q
0, T AT, . [P o
T2 " " T
ITL (O]
1,
s
- 1
Calculation of ia cionls
rotor flux b signat
vector W 1, from meotor

v |

(O B

IV.2. Piéu khién true tiép
Diéu khién tryc tiép tir gia tri hdi tiép do vé:
biéu khién tiép dong:

{0 {0
[ Tr J 1/(145T;) fos 7 ia
g oy 1 igs" 2
23 sl | A
~ 3 . B . / R
, Igs | 185 Ic
B -—
Ly | 3
o D
1/s g
(ip ]
—{_ e C
_ R
F:' ]
L Field Wi i
wieak H

Chuong 4: Diéu khién dinh huéng tir thong DCKDB v.4
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Ideal CEPWM:

Calculation of 1, S
rotor flux — 1y signals 1a =1
vector i_ : 1 from motor 1§ =1,
1% =1
C c
v, | | T \—f,.
e 3 '1'* _ r - i* - i* i* . . 1
(0] ~ L1 e 5 o5 | a a
5} ?{ Speed Y Torque 4 / .
o7 contr. | contr. 2 /I C _ Ny
B & I|II 1i; R. lh II./J \.\
o ) P IM |
Field Ve %_ Flux I—'i IES > -"Il?s te w le >‘ _/
weak. contr. | 1 A 2 M
- o L0y}
* T* - - o
% Speed e X ‘gs las 5 la c
contr. | 1
B 113 R
i 5
n * * * T
i IES 3 1% W
M
A
[
[0
(i ;rqr” Iﬁ:”'l_ i
o — -
. W Pl 2 L _\
£ e
- Ji R
= mr| Plan s M
prr ) 1 fas™ fog®| 3| ic* W_L.’
Lm i i M
il

Chuong 4: Diéu khién dinh huéng tir thong DCKDB V.5
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Diode
bridge DC link PWM
rectifier inverter
- - F
Ramp comparison 1, [ 15| 1. position
current control sensor
& k. r
(O P 1g:* 1™ N
— s — » » ——s
vl I EXp 2 * — - ~
- Jo | e A
» — »_ e
o0 12.*=0 T T 1p:*
s/ 0
cos [*
didt

Chuong 4: Diéu khién dinh huéng tir thong DCKDB V.6
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TOB

Diéu khién tiép ap:

a
o -1 6 1y
. h=0
1 gs T
* % E% * * i
® 1 - v Vv v, 1
T Speed s c-l_:mrr. 45 . O p a ; a
Q 7| contr. qs />f _s* s n |
- 2y ] v, % v o1y
® i 10 W e
T s ds we By & T - r |
as™ 0 " conir. Vds \>L Vs Ve 1; e
A A I\
EJ 14 A M .
wr* 1gs" Mg Vg Va
— {11, »( ) Pr L2 s
'l
_ e
Vb*
Decoupling ide >
circutt, Fig. 3.5 e
w* ie* A v
A’Q_' Speed c. () PI ™ —
_ _ . |
¢, estumation N
y i
145 2 f—
—idx [7] W
o e —
] 1
o) ®

Voltage-fed
rotor flux
orented
induction

machine

Chuong 4: Diéu khién dinh huéng tir thong DCKDB

Iv.7
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IV.3. Piéu khién gian tiép
Diéu khién truc tiép tir gia tri hoi tiép - tiép dong:

- Ideal CEPWM:
Calculation of la S
rotor flux ib signals Ak
vector i K— 1 from motor if =1,
é (6] . .
1¥ =1
C [
wr 1:2 \—\I/‘hl
® '1':‘< _ r - 1 * . 1 + 1 P 7 . 1
(03] ] L1 e 5 [ | a a
—X )% Speed +— Torque 4 / _
.7 contr. | COntr. 2 I C . \s-l,/'"
- . [l 13 | R 1, \\.5
® L P — IM |
yr |- iz x| i | Wi 4
Fi=ld r X\_} Flux L1 ds _|35 >."I 3 c M c —
weak. contr. | 1 | B
w

I m
T *
e > Lr lq:
% 3p BN
m *
“
K= L ——

Diéu khién gian tiép tir gia tri dat - tiép dong:

b 3

* T i:s 1:« 1:«
(0] Speed L1 "e K qs s 7 a
;2 contr. |1 1
- 1*
. b
. 6
W K, . e . .
= l* 1* 1*
ds Bs 3 c
A
2 L1 1
r1 :__i_f = K} = =
3P Lr_ra Tz i|-r|'3.5|’.':
L*IEJ
= fos™ g r 1 ri
[ s a a
() o Pl 2 F—C
-
_ Jor R
e %] P[3
b=l L Tds* fgc®] 3| ic* |W|i
_. Lm * ._ 'E

Chuong 4: Diéu khién dinh huéng tir thong DCKDB AV
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ids*®

v

Joy it®

Chuong 4: Diéu khién dinh huéng tir thong DCKDB V.9
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Diéu khién tryc tiép tir gia tri hdi tiép - tiép ap:

d
o 18 (
_ h=0
1qls T
EY = wE * *
@y Speed lqs d -:;_::-nrr. ‘qs v \qs p a i a
S? /| contr. qs /T 5* + n |
- e ¥ v, Vo1
q -5 b b
; i e
@y % las s By - T W " ro|
4™ 0 3 confr. Vds \* Vds Ve :; le
E:I + 1y At M .
biéu khién gian tiép tir gia tri dat - tiép ap:
s
Las
oI,
L
ds v dls - '\"’55 v;
&? PrTL 50 VOLTAGE
lds e J lIlr SOURCE INDUCTION
* o * . MACHINE
* 1 v + v PWM
0] g5, qs ok qs Bs
%Q% P+1 P+1 >0 INVERTER
® 'as i,
4 K 2 -
) - 1y
50, :
c 1
3 C
Ly l &
&
Tr lds
()]

Chuong 4: Piéu khién dinh hudng tir thong PCKDB V.10
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TOB

IV.4. Piéu khién true tiép - tiép ap

[

1ds

18 1y
3
. h=9
1o I
R * * .
- | contr. Vs . Vas Va ; a
! qs /7( E P - n |
e v Vv v |1
: - b b
i * 0w e
% ds e 8y - I - r |
14s= 0 d contr. | Vds \>J< Vds Ve R
— A 1 A M f

* #
W i
—1—);}9 Speed | B
contr.
oy
EJ

Céu trac ciia hé thong didu khiép dinh huéng truong dinh hudng truong
(Field Oriented Control -FOC) trong diéu khién dong co khong dong bo ba pha
dugc trinh bay trong hinh v€ sau:

ok : ua
‘\Vr lsd + Alsd DC]d Yd usd u TL
;i b
. | MmTi | - A MTu u l
o, Ly 30 byl poi, | Y/ BBD |~ 3| Dongco
A
[iaJ
1y ib
o | CTDi
o + __A® DCw |2 13 o, J' 0.
- +
Q) Q)]

Hinh 4.1: Ciu tric cua hé thong diéu khién DPCKDPB ba pha dung FOC
Bé“mg viéc mo ta DPCKDB ba pha trén h¢ toa dd tir thong rotor, vector fs s€
chia thanh hai thanh phan: iy dé diéu khién tir thong rotor . |5 isq dé diéu khién
momen quay T, tir d6 c6 thé diéu khién tdc d6 cua dong co.

. = 4.1a)
igq — (
Snd\Z (4.1b)
g > Te > o
Chuong 4: Diéu khién dinh huéng tir thong DCKDB V.11

v
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TOB

IV.2. Xay dung thuit toan diéu khién

Giai thuat cta timg khdi trong hé thong diéu khién dinh huéng trudong (hinh

4.1) dugc trinh bay nhu sau:
"1 Mang tinh dong (MTi)

i = (14T, (4.22)
Lm
I A
i, = L o, (4.2b)
"1 Mang tinh ap (MTu)
=R y,——= 4.3a
usd SYd 1+ STGS Yq ( )
=R — —ny 4.3b
usq syq + 1+STGS yd + Lr rd ( )
Trong d6, T = Lo L -Ln
RS RS
"1 Tinh goéc 0,
9 = (4.4)
S
] Chuyén déi hé toa do dong dién (CTDi)
lgq = Iga (4.5a)
: 1
lg= —(i, +2i, (4.5b)
AUREN
1sq = 150,080, + 143s1n0, (4.6a)
1sq = - 156,510, + 15pc0S0O; (4.6b)
| Bo bién doi (BBDP)
0 Chuyén doi hé toa do dong dién (CTDi)
Ugg, = UggCOSO; — UggSINO; (4.7a)
Ugp = UggSINO, + ugqcos0; (4.7b)
0 B bién doi dién ap (b diéu ché vector khong gian)
Ugy = Ugg, (4.8a)
u, =—tu, +£usﬁ (4.8b)
2 2
Uge = — Ugg — Ugp (48C)
[ Khau diéu ché téc d) quay (PCw)
La khau hiéu chinh PI:
o = [Kpm + X ](03 —(o) (4.9)
S
Chuong 4: Diéu khién dinh huéng tir thong PCKDB Iv.12
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1 Céc khau diéu ché dong (DCiy va DCi,)

Chay: Xét trong hé toa dg tir thong rotor nén ¥, =0, |¥,

[]

o Khau diéu ché dong i,q (DCig)

Y, = (Kpd " %)Aisd (4.10)
0 Khau diéu ché dong iy, (DCi,)

K
y, = [qu + %)Aisq (4.11)

=¥, (4.12)

Céc thong s6 Kp va K| trong cac bd diéu khién PI dugc hiéu chinh sao cho hé
thong dat t&1 dap trng tot nhat.

IV.3. Panh gia dap ung cia thuat toan diéu khién FOC
H¢ thong 6n dinh.
Sai sb xac 1ap cta toc do nho, sai sd xac 1ap cua tir thong rotor 16n.
Thoi gian dap ng cua hé thong tuong dbi nhanh.
Momen tai khong tac dong nhiéu dén dap tng cua toc do, va dap tng cua tir
thong rotor.
Chat lwong dap tmg suy giam khi bi nhiéu tic dong Ién tin hiéu hi tiép.
Hé théng d& mét 6n dinh khi c6 sai s6 mé hinh hay bi tac dong cua nhiéu.
Dong dién khoi dong 16n so voi dong dién lam viée; dong khoi dong tang 1én

khi c6 sai s0 mo hinh.

torgque imil —

[. iy

0 time

Chuong 4: Diéu khién dinh huéng tir thong PCKDB Iv.13
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Chuong 5: MOT SO PHUONG PHAP UOC LUQNG
TU THONG ROTOR PCKPB

I. Uéc lwgng tir thong rotor tir dong héi tiép va tir thong khe hé khong khi
\Pr = ([ia ’ib ]’ le)

i, R, L, L, &
— 1 . T
C e
S
)
RS Rox Ro‘r 4’_
— 1 . .
iS
. N
4_
R
.\/
joy,

iy =it

Y =Li +L i

W =Lt +L,it =L, (i}, -2 )+ L,,i}

¥ =L i —(L,-L )i = E (L% )-L,i

m

L . .
lPrS = L—r\P; - Lo‘rlz = lProz + .]LPrﬁ

W, =W, | =L

ra

Yy

cosf. =cosg, = sind. =sing =

T T

3 L : :
Te = Ep lel (\Prdlsq _\Prqlsd)

II. Uéc lwgng tir thong rotor tir dién ap va dong hdi tiép
lIIr = ([ua ’ub ]’ [ia ’ib ])

¥’ L, dy, _LL dii
dt L dt L dt

m m

Chudng 5: Mot sé phuong phap uée luong tir thong rotor PCKPB V.1
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TOB

) o ksl diy
L, dt

m m

S_R iS

N S7s

d¥; L, (
dt L

d¥; _ L, w R oL, di;
dt L dt

m

Twr thong stator dugc udc luong tir dong va ap nhu sau:

s dy!
u =R.i; + &Y
dt
e —u R
dt

W =f|'v — Ri, |di

W g —jl‘l .r{r*

Twr thong rotor dugc ude lugng tur tir thong stator va dong
\T]S = LS_:S + LmIr
\_I}l' = LmIs + LI‘YY

stator:

= -, L -\ L > \LL -
\Ij =L 15+ T *S_L 1S I‘ -S m S T 1S
T m-s Lm( s ss) Lm l//s ( LSLr] - S
L LL
\I]S — T S _O_ S T IS
T Lm WS Lm S
cos@, =cosg, =—= sin @, =sin g, =—2
lPl‘ T
3 L,
Te ZEPL_(IP LIJrqlsd)

II1. Uéc lrgng tir thong rotor tir toc dd va dong hoi tiép

Y, = (a” [ia’ib])

gt L= (1 . ).,
—=—Tti’—| ——jo
i

Chudng 5: Mot s6 phuong phap uéc luong tir thong rotor PCKPB

V.2
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Wy _Lng —L\u + oy
d¢ T, P T " “
voi ¥ =, ] (¥, f
cosf. =cosgp =—= sin 6. =sin g, =—2
3 L . )
Te = Ep Lm (\Prdlsq _\Prqlsd)

IV. Uéc lwong vi tri tir thong rotor gian tiép tir tir thong dit va T, dit
Céc phuong trinh udc lugng vi tri vector tir thong rotor tir cdc gid tri Iénh cua tu

= ..*
. _ 2L L
Ll - 10 g * .
A5 W Ly,
" ¥
* I e U
Tt _r_ w + "r.l' |lr
L.\ dt J
*
[ .
”* _ jll'.ln g
Y = T *
r ¥

@, = J.[ @+ )t

thong rotor va moment dién tir nhu sau:

| i
—_— ds
j 8 g L %
l ol

m

=0

Fig. 300 - Principle of indirect vector control of a current-fed induction machine.

Chudng 5: Mot s6 phuong phap ude luong tir thong rotor PCKDB V.3
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I i® i* i* i
()] SIICCLI L1 ¢ K qs, oS 5 a C a
;Sa ; contr. |r— | = .
- : ¢L_ N R
o . ¥
(!) t\' 2 v C [ . . } ¥
s AT IR
— - M

Fig. 3.11 - Curreni-fed induction machine with indirect vector control.

V. Uéc lwong tir thong rotor tir toc dd va dong hoi tiép trong HTD (dq)

dvY. L _. 1
- = _mlsd - _LPr
d T T,
w0 WA L, 1
vO1 toc do truot: o, = +t g = ® + —2 %
Tr LPrd
, 3 L. . .
Cco Te = EpL—r \Prdlsq
Céc phuong trinh sau duoc dung dé wdc lugng tir thong rotor:
oy,
W+ ‘fr L =/ 'nr".:.-'c
dt '
(@, — @)y T, = Ly,
- -; n "r'nr .
I, =T P,y
2 L,

Hay cac phuong trinh nay c6 thé duoc viét lai nhu sau:

¥

ll.f.l'.'-' =l i"lfﬂ' + 'Ir.l
N et

("':l.'s." = jll'ml 'rn:lr.'s /l flr tIIJrr -l

Vi tri tire thoi cia vector tir thong rotor duge xac dinh nhu sau:

dye, |

/L

m

@, = JI @ +|d

Chudng 5: Mot s6 phuong phap ude luong tir thong rotor PCKDB V.4
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VL Uée lugng tir thong rotor dung khiu quan st (observer) _____
(N SN pt(5.1a) | - !
: Vs !
: pt (5.1b) :
® | o + !
! | pt(5.1c) !
| ] O—r| K, 4o | Teome
! i __X S '
i i v |
— —>  pt(5.1d) |
: Ucomp E
E \T!Z > — g — : — 3
| — r \Ijl’ : \ljr
| | ptGID s pt(ilg) >
Hinh 5.1: So dd bd wdc lugng tir thong rotor dung khau quan sat.
Thuat toan udc lugng tir thong rotor cho DPCKDB ba pha dung khau quan sat
lsq = 154080, + 1551n0; (5.1a)
v, L, . 1
d _Zmy oy 5.1b
dt Tr 1sd Tr rd ( )
Yo = WraCOSO (5.1¢)
Wip = WrdSines (5 1 d)
— 2 —_ —
v _LL.-L, i’ +L—m‘Pf (5.1e)
T Lr
dq}z — S _:S
i U; — Rg. i + Ueomp (5.19)
K‘ =g =S
Uomp = (Kp +T‘](\us —\vs) (5.1g)
— 2 -
N Ty (5.1h)
L, L
W=, )+ (v, ) (5.1i)

VIL Pap tng diéu khién dong co bing FOC

Pap g ctia bd wée luong tir thong rotor khi cac thong s6 DCKDB ba pha co sai sb:

Chudng 5: Mot s6 phuong phap udc luong tir thong rotor PCKDB

V.5
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wo)
S

Fi est
N
——

0 05 1 15 2 25 3
time (s)

Hinh 5.2: DBap Gng cua
bd udc lugng tir thong
rotor tir toc d6 va dong
hdi tiép trén toa do ap.

ost (WD)

Fi

0.5 1 15 2 2.5 3
time (s)

Hinh 5.3: B4p ting cua
bd udc lugng tir thong
rotor tir toc d6 va dong
hdi tiép trén toa d6 dq.

Hinh 5.4: DBap Gng cua
bd ude lugng tir thong
rotor dung khau quan sat.

Chudng 5: Mot s6 phuong phap uée luong tir thong rotor PCKPB V.6
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KET QUA MO PHONG PONG CO PUQC TIEP DONG

torque limt —p
Te T
v Y
0
/V
lul
"] time

Fig. 3.13 - Dynamic behaviour of current-fed direct rotor flux oriented induction machine:
Initial excitation and rapid acceleration in the constant flux region.

e Tu thong dugc dua dén gia tri dinh mirc khi moment van duoc gilt & gia tri
Zero.

e Sau khi tir thong dat gia tri 6n dinh, dong co dugc 1énh tang tdc dén mot gia
tri van téc duong.

e Moment dugc dua dén gia tri duong ¢ muc ti da.

e Moment dugc dua tré vé gia tr1 am va sau do zero khi van tde thuc béng van
tde 1énh, va moment dugc gilt & zero dé van tde thuc bﬁng van tbe 1énh.

. _ M
1 ...ll\".l.. wf - .I!h:{_. e
0.8 f-f-- 16
£ ;
= 0.6 T-" \x - 14 &
= T
50.4 + 12 £
01— 0
R,=R, V
a + + + + -2
0 003 01 015 0.2 025
Time (5}

Fig. 3.15 - Response of the drive of Fig. 3.9 to step loading and unloading.

e Hg truyén dong ban dau dang hoat dong vdi tir théng rotor khong doi va &
gia tri 1énh, moment tai bang zero.

e Moment tai sau do dugc tang dén gia tr1 dinh mrc duong theo kiéu step-
wise.

e Sau mdt khoang thoi gian thi moment tai duoc dua vé zero ciing theo kiéu
step-wise.

Chudng 5: Mot s6 phuong phap uée luong tir thong rotor PCKPB V.7
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Fig. 3.14 - Reversing transient of the drive of Fig. 3.9.

Tir thong dugc giit khong d6i ¢ gia tri dinh mirc.

Van toc duoc dao ngugc tu -40% cua van tbe sang 40% van tdc dinh murc.
Moment tai bang zero trong sudt qué trinh mo6 phong trén.

B6 nghich luu duge gia st 1a ngudn dong 1y tuong.

Chudng 5: Mot s6 phuong phap uée luong tir thong rotor PCKPB V.8
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KET QUA PO PAC CUA PONG CO PUQC TIEP DONG

g 10
6
. 14
z2 2
N § 01
-4 0.01 4
6
-8 + + 0.001
0 0.005 0.01 0015 0 100 200 300 400 300 600 70O 80O
Time (3) Frequency (Hz)
a. current waveform c. spectrum up to 0.8 kH:
10
1 Fig. 3.16 - Curvent waveforms and spectra
= during no-load operation at 2100 rpm.
5 01
0.01
0.001 4
0 2 4 6 8 10 12
Frequency (kHz)

b. spectrum up to 12.8 kHz
e Dong stator trong trang thai 6n dinh dugc phan tich. Trir séng harmonic bac

nhat, cac song hai bac cao thudng tap trung quanh cac dai tan sd 10 kHz, 20

kHz, 30 kHz, 40 kHz......
id:=0"‘"dsn
i *

leoorpm n

200ms/div
69rpm/div

Fig. 3.19 - Experimentally recorded speed and commanded g-axis current response io step loading

and unloading of an indirect rotor flux oriented current fed induction machine.
Twr thong bang 70% tir thong dinh murc, ban dau dong co dang chay khong tai & 600
rpm, moment tadi bang moment dinh mic duong dugc dugc ting theo ki€u step-
wise.
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Fig. 3.17 - Acceleration transient of an indivect rotor flux oriented induction machine.

e Bién dbi cuia dong stator khi may tang tdc tir 200 rpm dén 1500 rpm.
e DoOng co da hoan toan dugc tir hod trudc, moment tai bang zero.

30 1600
20 1350
!
10 f 1100 .,
% 0 ‘H AANAAND 830 E
o I T . '| i
N | REERERS
-10 soo ©
-20 \\.\ 330
\\“MMMMM
-30 + + + 100
1] 0.5 1 1.5 2
Time ()

Fig. 3,18 - Deceleration transient of an indirect rotor flux oriented induction machine.

e Bién dbi cua dong stator khi may ting tdc tir 200 rpm dén 1500 rpm.
e DoOng co da hoan toan dugc tir hod trudc, moment tai bang zero.

Chuong 5: M6t s6 phuong phap ude lugng tir thong rotor DCKDB V.10
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Chuong 6: CAC PHUONG PHAP PIEU KHIEN DONG

I. Piéu khién dong trong hé qui chiéu stator

I.1. Piéu khién vong tré dong dién
Piéu khién dong, tiép dong

hode J_

bridge DC hin PWM
rectifier inverter
hysteresis Ll w1 position

current control

sensor

dide 17

Comparator
with hysteresis

Upper

switch
1GET  f—
drivers
S —
Iy Lower
switch

Fig. 5.1 - Hysteresis current conirol of a SPMSM diive.

hysteresis band

Van| § HA F HHH Ve
-

-

Fig. 5.2 - Principle of hyvsteresis current control: currents and a leg voltage.
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I.1. Piéu khién so sanh dong dién

Diéu khién dong, tiép ap

Diode
bridge DC ling  PWM
rectifier inverter
Ramp comparison L e position
current control SEnsor
[0 P lgs* ia* é -
| exp I WV
_ (i6) I U_f'\:—
w Ig"=0 T T
sin C}
cos

d/dt

]aJ v ;I.-::
controller P M Power
slage
vp* ol the
controller W >
v.* PWM
controller %! V&I

[mangular
carrier wave

Fig. 5.3 - Ramp comparison current conirol of a SPMSM drive.

Triangular carrier wave (lixed frequency and amplitude)

Relerence signal {variable frequency and amplitude) /

e A
“ lime
4+ Van
- - -
lime

Fig. 5.4 - Current control using ramp comparison method with a triangular carrier wave
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I1. Piéu khiép dong trong h¢ qui ghiéu tir thong rotor
Dbiéu khién dong (dq), tiép ap

s
¥
contr.| "qs %
I ﬁH .
l|h =
c N

( . —_

. i

s - [

AY
contr. | “ds

LN rRada N

I
ds

Fig. 5.5 - SPMSM drive with current control in field co-ordinates and phase voltage generation by

means of voltage space vector modulation.

1L Diéu khién dp
biéu khién dién ap vong hd

Phdn biét:Diéu khién tiép ap
Diéu khién tiép dong
B¢ nghich luu ép
B9 nghich luu dong
Diéu khién dong trong hé toa do stator (abc)
Piéu khién dong trong hé toa do tir thong rotor (dq)

IV. Tinh toan thiét ké hé thong diéu khién gian tiép PCKPB theo phuwong
phap dinh hudng tir thong rotor

X X L

L =2m L, =2 L,=L,+L,_ T, =
2af 2af R,
X L
LO.r —__o Lr :Lm —|—Lo_r Tr = r
27f R,
Lmisd \ A A A i
p =—ns Tt thong khong doi, = Y, =L 14
1+Ts
3L, T, 3L, T, (o3 L T
lsq - - = lsqlds =
2p Lr lr//r 2p Lr Lmlds 2p Lr Lm

Ma i, =fi2 +i =421,
Khi biét momen dién T, va dong dién I,
mlqs

Tt 2 phuong trinh trén tinh duoc iy va iyq va ¥, Va tinh dugc o, = T

T
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TOB

Tt d6 tinh duoc tbe dd goc tryot co: w, , =

sl_co

_l//rd +l//rdTrS 1 _ 3 Lm Tc

) L, Y 2Ly,
B

w < Je A A
—L va tinh dugc toc do dong co.

1 .'I.lr [1h]

S

5 ok £l *
viL i, =TY o,

L hnach
il
Tur thong khong doi: W =L i,

o . T, 2L, 1

1, =K T, = K=7=— zr —
1qs 3p Lm lds

. . w, L L

a)sl :KZIqS - KZ — '*51 — m* — njk

lqs TrTr Trlds
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Controller Machine
v fds™ fds = fds™ W= et
1/ L
; AA| 1
!qf.h !q:: !qsﬁ 1P L,
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o™ L= P
— O o —
— & Js
[ 6]
o T.» | | P

—>Q—> Pl o &
Js

- I +5Tde|n}-‘

®
o* K,(1+sT; )| T.* I i I
—PQ—P Ly L
= sT; 1+0.00005s 0.055
eV
Pl First order delay
Integfator
block block
) 1| K (1457
Gis)=KE 11+ =—

Véi

V61 Tgom = J/P va 6 = Tgelay = téng thoi gian tré.
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Thém khau smooth:

Comgon (2) = 1+ (40)s
Limiter
w* I Ky(1+sT}) il T.*
r- —O—- »
1+(40)s - % sT, 1
)
Reference PI
smoothing controller
Q)
Limiter
* | S500(1+0.0002s) l T
= O =R
1+0.0002s — 0.0002s
w
Reference Pl
smoothing controller
()
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Vi du:
Calculation of all the necessary values, required for indirect rotor flux oriented control, will be
illustrated using an example. Consider a three-phase four-pole star connected squirrel-cage induction
machine, whose parameters at 50 Hz are

R =10Q R =630 X,=135Q X,=126Q X,=132Q.

Rated current and voltage equal 2.1 A and 380 V. The machine is to be operated as an indirect rotor
flux oriented current-fed induction machine. Current control is performed with phase current controllers
so that actual and reference phase currents can be assumed to be the same for the purpose of
calculation. The speed is to be controlled from zero up to its rated value, using a constant, rated value of
rotor flux. The rated torque and inertia of the machine are 5.07 Nm and 0.1 kenr’, respectively.

Diéu khién tryc tiép tir gia tri hoi tiép:

. Ideal CEPWM:
Calculation of K la S
rotor flux Iy signals a7t
vector yi_ K— ic from motor iﬁ = ib
e -
v,
® '1':‘< . o 1* i* - . 1
L] SpEE‘d L1 e quue q.» s 5] a. C a
;2 contr. |1 | contr. | “I . N
) s {1 R 1, ./ \
o o0 [P —\ IM
: W E - 1% 1% f 1% W o1 >\ _/
Field |~ * K Flux |7y L B3l e e
weak. contr. | 1 / 1°
L]
" - *
o g | e
T s L >
- I m
T:k #
e 3 L 1
% il _T L%
3P
m %
“y
oL —
Diéu khién gian tiép tir gia tri dat:
* 'I'* ;= o 1 %
1 1 1
% Speed | — € K qs N a
contr. |1 1
- iy
=
19
= * * *
1% 1hs ; 1
A
2 L1 1
rl = f = K} =—=
3P Lm Tds }:-Ed;
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Tinh tit ca cac gia tri can thiét dé diéu khién gian tiép tir thong rotor, dugc minh
hoa trong vi du nay. Pong co KPB 3 pha 4 cuc, ndi Y, rotor 16ng soc, cac thong so
0 50Hz la:

R_=10£8) R =634 X, =1350Q X, =1260 X, =132 .

Dong dién dinh muc 1a 2.1A & 380V. Piéu khién gian tiép dinh huéng tir thong
rotor (FOC) dong co KDB trén.

Jiy in®

2 L1 1

K]. - .': x _K-_\ =
3F Lr_ra I-ﬂ'.:' ) j‘"_fd;

B diéu khién dong can tinh toan tir gia tri dong dién do vé va gia tri dong dién dit.
Tbc do dong co dugc diéu khién tr 0 dén téc do dinh muc. Ti thong khong ddi va
bang gia tri tir théng dinh mirc. Moment dinh mirc 1a 5.07Nm va moment quan tinh
la 0.1 kgmz. Vi vay can tinh dong dién dinh mirc iggy, 1yqn tr moment dinh mirc T,
tur thong dinh muac W, , va van tde gbc dinh mic wg,?

Chuong 6: Cac phuong phap diéu khién dong VL9
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Diode
bridge DC lin§ PWM
rectifier inverter
- . -
Ramp comparison 1, |15 | 1. position
current control sensor
& k. r
ot P 1gs* L™ -
» > P - y |
— I exp 2 B N
- Joo| e A
» —» o
© 1a:.%=0 T T 1p:*
sin/ 0
cos [*
d/dt

Bai tap:

Mot dong co khong dong bo co cac thong sb (tat ca quy vé stator) nhu sau:

R =104 R =630 L.=L,=004H L,=04H
bong co 3 pha, 4 cuc, cudn day stator ndi Y, 50Hz, 380V, 0.75kW, 1400rpm. Tinh
dong dién dinh murc ign, 1sqn, va tir thong dinh muac ‘¥, ,?

™ ids*®
Tr|~ == >

Te*
2 L los,
= , e
] oy oy
0
J @
2 L1 1
rl = —_— _': = _K: = -
3P Lm Tds j|—r|'3.5|’.':
* T 1% 1* ¥
w Speed L1 7e - qs s 5 a
;2 contr. |1 1
- 1];
. 14
@ K, . . .
7 1% 1¥® 1*
ds Bs 3 c

AL
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Chwong 7: MOT SO PHUONG PHAP UGC LUQNG
TOC PO PONG CO PCKPB

I. Cac phwong phap wéc lwgng vin toc vong hé

I.1. Phwong phap 1

dv¥, d¥
o dtﬂ " g L, :
o= 0)1, _a)sl = le +‘P2 _T_rlP_rz(lPralsﬂ Trﬂlsa)
L,
Trong do: Y = 3 U( . R, )dt— oL i m]

Yy, = IIj U(usﬂ _Rsisﬂ)dt_GLsiSﬁ]
Y = 1/“1’; +‘Przﬁ )

Chwng minh (cach 1):

A, ¥
ra 2 _\Prﬂ —
Chng minh: o, =—dt___dt
Y+ ‘Prﬂ
d¥ v,
v, ey
v B ra
o, :i¢r :ies _d arctg—2- | = dt - dt 1 -
dt dt dt Y., Y, N
1+ -2
‘Pra
d¥v g
\Pra Z _\Prﬂ d =
— o, = dt dt
Yo+
. e L, 1 :
Ching minh: o :T_r‘Pr (‘Pmlsﬁ ‘I’rﬂ1sa)
, ) \ 3 L, .
Co Lmlsq = TrlPra)sl va Te :EpL—r\Prdlsq
:> I i [~
sl 3p rz
ma =L i +Li = 1——Lm17Ll
lr//r T Lr S Lr Wr
3 L 1
nén T =—=pl¥ xi —=pl ¥ x| ——1 +—
R e e
T, :—ip{‘l’r x(—li—mi ﬂzip—(‘l’ Xi )
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L 2T | L 1 ) .
= a)sl = - ez :_m( r)ZIS):_m 2 (\Pra sﬂ_\Prﬂlsa)
T 3p ¥, T, ¥ T Y,
Chwng minh (cach 2):
, dy L 1
Co: —=—1ni —— ®
dt Tr soL Tr Wra \VrB
dvy _ Ly, i, — +
dt Tr sp Tr \VrB Wra
dy, L, . 2
= =—t] -— -
B dt Tr sal//r/} Tr WraWrﬁ’ l//rﬁ'
ra dl//rﬂ :L_misﬂl//ra __l//rﬁ’l”ra +a"//r2a
dt T, T,
dy dy L 2 2
- _ LCA— N —1i +w +
l//ra dt Wrﬂ dt Tr ( 5ﬂl//raf sal//rﬂ) (l//ra Wrﬂ)
dy dy L
=  wy’= v e | Zm —i
l//r (l//ra dt l//rﬂ dt j Tr (sﬂWraf sa!//rﬁ')
dl//r d m (7 1
l//ra A - Y] Wra T(lsﬂwra _lsal//rﬂ)
— w= dt d 1
- 2 2
v, V.,
Chirng minh:
u, =R + dy,
dt
dy? ,
= Vs _ue -R.i}
dt
Va g, =L +L,j
qu = Lll‘l_i; + Lri
- 1 -
: S - — S _ L : S
T Lm< s s’s )
- -, L - > \LL -
=L i +—\Ww’-Li’)]=—" y’—-|]——2 | =>L;°
r m-s Lm< s ss) ml//s [ LSLI_] - S
L LL
= Y =—vy -oc——i;
Lm Lm
d¥Y’ L, dy; L.L, di
= Tt Vs g lsTr s
dt L dt L dt
d¥; _L W R oL, di;
dt L, dt
d¥ L i
= = - uSd _Rsisa — S dlsa
dt L, dt
d¥ L di
rﬂ - T usﬂ _Rsisﬁ _ds Sﬂ
dt L, dt
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OTCB

Hay Moo= E [ (w: —Ryit kit —oL.it]

m

I.2. Phwong phap 2

Trong do, 1} =LL(1//: _LsiZ)

dy, . \d
(l//sa _Lsisa )Ztﬁ_(lf//Sﬂ _LSISﬂ) Ztm
= w =
( sa _Lsisa )Vra +(l//5ﬂ _LSiSﬂ )Vrﬂ
. s Lo B &.S
Voi Y = L Y, —o L 1
= 7% L, v GLS ~1
ra Lm sa —m sa
L, LL,.
Vip =17 V™0 L
vOi d_l,z/::u: -R.i}
dt
:> l//SOZ = '[(usa _RSiS(l ﬁt
Vi = J.(uw R, it

Fig, 6.1 - Block-diagram of an open-loop speed calcwlation method,
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Chung minh:

) dy
= 0=R,1, +—+o
rra dt l//rﬂ
dy
0=Ri,+—L—-w
rrf dt l//ra
. .. . d
= 01, =R,1,1,+1, Z{" + 0Ly,
dy
0d,, =R,i i, +i, —2—
ra rrfra ra dt ral//ra
dy dy
= 0=|1i LA e —oli +i
( ra dt B dt ( ralr//rﬂ rﬂWra)
dl/lfﬂ _ dWra

lra Wra + lrﬁ!//rﬂ

I Uéc lugng van téc vong kin
Dung diéu khién thich nghi mé hinh (Model Reference Adaptive Control — MRAC)

M0 hinh thich nghi:
d¥?® L 1
— e -y Y ¥ 7.1a
dt Tr sa Tr ra /] ( )
d¥Y; L 1
B m : ® ®
— =0 —— Y7+ ¥ 7.1b
dt Tr sp Tr 19/} ra ( )
Mo hinh tham khao:
d¥; _ L, W Rt oL, di;
dt L. dt

¥, = ([ua’ub]’ [ia’ib])

Sai sO mo hinh:

€= (\ierm )x (\ifrs) =Y. ¥, - ¥, ¥ (7.2)
Hiéu chinh sai $O:
co:[Kp +5}9 (7.3)
S

It phu thuéc vao théng sé mé hinh va cdc dai lwong hoi tiép.
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Khi do, toc dd  dugc uoc lugng theo so do sau:

1
' 1
' 1
I 1
: » Mo hinh :
1 .
thich nghi 2o I
T e ) :
1< 1< L A T X r 1
: » hépt(7.1) € K + K. ! 0);
> e Pos|
—s | M6 hinh - |V: 1 tir thong udc luong pt (7.2) !
u . :
—= p{ tham khdo | !
I 1

Hinh 7.1: So d6 nguyén 1y bd udc luong toe do PCKPB ba pha.

dy! L_ . :
Tu chuong 3,¢c6: —L=—21'—-|——jo v
e e e

r

dvY” L_ . 1

—= _mlszx __\Pr(;)c - a)\Praﬂ)
dt T, T,

d¥Y, L . 1

— = iy -+t
dt T T

T T

chi s6 “®” gbc trén phai chi tir thong dugc tinh truc tiép tir toe d6 ude lugng o.

¢ Nhéan xét:
'] Theo h¢ phuong trinh (7.1) thi tr thong rotor (xét trong hé toa do stator)
phu thudc vao tde d6 .
7] Maéc khéc, bg udc lugng tir thong da cho két qua tuong dbi chinh xac vé
gi4 tr1 cua vector tu thong rotor.
] Nhu viy, néu tc d6 udc lugng o trong phuong trinh (7.1) khéac véi tée do
thyc cua dong co thi vector tir thong (¥, W) tinh dwgc & phuong trinh

(7.1) s€ sai léch vo1 vector tir thong (W

w> Pg) udc luong. Sai 1éch nay
duoc dinh nghia bang:
e= (T )x (@)= wo w, —w_ wo (7.2)
néu sai léch € cang nho thi tc dd ude lugng cua dong co s& cang gan bang
v6i toe do thuc cia dong co.
'l BO udc lugng toc d§ cho dong co KPB ba pha stir dung khau hi¢u chinh tich
phan ti 1€ PI dé gidm thi€u sai I¢ch gifra hai vector tur thong trén:

co:(Kp +5}9 (73)

S
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I11. Piéu khién khong diung cam bién
(Sensorless Vector Control - SVC)

(L -
Lt
Eftaction it | = | J¥Contrei|
B

Mater Model

Didisg }
it :
with vector

transformation i g

@

So do cdu triic hé diéu khién dinh huéng tir thong rotor khong ding cam vmg van toc:

b

n kb

Clrrent and voltage
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Fig. 6.5 - The experimental rig.
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Fig. 6.7 - Actual speed ard estimated speed for the acceleration transient with 900 rpm set speed
under no-load conditions: the complele transient and a zoomed extract in vicinity of steady-state

operation.

Aol andasting kds ped{rpn|
= =
Aahual and et natkd spod (rpn)

235
Time(s|

24 245 15
Tme s)

Fig. 6.4 - Actual speed ard estimated speed for the acceleration transient with 1500 rpm set speed in

loaded operation: the complete trapsient and ¢ zoomed extract in v

irity of steady-state.

Chuong 7: Mot s6 phuong phap udc luong tbe do DPCKDB

VIL.8



Bai giang Hé Théng Diéu Khién S6 (PCKDB) TOB

Chuong 8: HE THONG PIEU KHIEN SO

I. CAu triic mt hé thong diéu khién dong co

I.1. So @6 khdi mét hé thong diéu khién dong co KPB 3 pha
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TOB
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IL. Cam bién do lwong
I1.1. Do dién ap DC
Str dung bd chuyén d6i ADC cuia bo diéu khién thong qua mach chia ép...

I1.2. Cam bién do dong dién
Do dién 4p trén dién tré Shunt
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Cam bién Hall

I1.3. Cam bién do téc dd
Tachometter

Incremental Encoder

&
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Absolute Encoder (do goc)
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Uu diém ciia by bién tin:
Giam hé thong co khi (rulo, xich, hop s ting giam tdc,...)
Giam tiéng on
Tiét kiém ning luong (t6n hao co va ton hao nhiét)
Thay d6i toc d6 dé dang
Khoi dong mém va dimng mém
On dinh toc do

Inline Bottle Filler [ l

EN with FM-3

MG motor

¢ [1. A T :lL _|— .' &

»anmin

Personal Computer {PC) AC Drive AC Motor

Pong bo téc do dé dang
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IV. H¢ thong diéu khién s6 dong co khong dong bd ba pha
Phén ctng
Chinh Iuu
Nghich luu
Cam bién (Hall, Incremental - Absolute Encoder, Tachocometter, ...)
Bo diéu khién
Giao tiép, 1/0, Keypad, LED
Bo Xur ly
Phan mém
Thuat toan
Dap tg: dién ap sin xung, dong sin xung.

V. B bién tin
Uu diém:

Diéu chinh dugc tc do

On dinh toc do

Giam hé thong co, giam on

Tiét kiém nang luong (t6n hao co va ton hao nhiét)
Chon bién tan

Sixstep

Mot pha, Ba pha

Cong suit (>=)

Dién 4p (>-)

Chure nang, Nhan hi¢u

EMC
Cai dat

Thong sb dong co

Thong sb diéu khién, Tan sé6 PWM
Chon ché do

Ché d6 vong ho (V/£, FFC)

Ché d6 héi tiép (PID)

Ché d6 diéu khién khong cam bién
Cach diéu chinh

Chinh trén keypad

Chinh nhiéu cép tdc do (giam phan co: rulo, hop sb, curoa)

Chinh bang bién trd

Chinh tir PLC, déng bo bién tin
N6i mang dong bo
Str dung

Day dan ndi trude va sau bién tan

Ngu@)n dong luc

Cong suit dong co

Qué tai, ngan mach

Cai dat sai

Ché d6 hién thi

Béo vé nhiét cho dong co
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