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Tbi xin cam doan ban ludn van thac sy “Piéu khién cwe dai moment dong co
nam cham vinh ctiru chim wng dung cho 6 t6 di€n” la cong trinh cta t6i va dugc thuc
hién duéi sy huéng dan cia Giang vién. Cac s6 liéu va két qua 1a hoan toan trung thuc.

DPé hoan thanh luan vian nay, toi chi st dung céc tai liéu dugc ghi trong danh muc
“Tai liéu tham khao” va khong sao chép hay sir dung bat ky tai liéu nao khac. Néu phat
hién c6 su sao chép t61 xin chiu hoan toan trach nhiém.
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LOI CAM ON

Luan van nay dugc hoan thanh tai truong Pai hoc Bach khoa Ha Noi.

Loi dau tién, em xin bay to 10ng biét on chan thanh va sau sic cia minh dén cac
thdy c6 trudng Dai hoc Can Tho, nhitng nguoi di diu dat, truyén day, chia xé va dinh
hudng dé em c6 duoc kién thuc, su hiéu biét vé nghé nghiép nhu ngay hom nay.

Em xin tran trong t6 1ong biét on ciia minh dén Giang vién A. Khong chi 1 nguoi
huéng din luan vian nay, thiy con 1a ngudi tao cam hing vé tac phong trong cong viéc
cling nhu truyén cho em nhiét huyét dé theo dudi con dudng hoc tap va nghién ctru khoa
hoc.

Chén thanh cam on ban Nguyén Bao Huy, ban DS Vin Han vé nhung trao doi
thang than ciing nhiing gép ¥ sau sac va bo ich trong luan van.

Cam on cac ban sinh vién hoc tap va nghién ctru tai trung tam CTI vé su hd tro
nhiét tinh danh cho t6i trong sudt qua trinh t6i hoc tap va nghién ctru tai day.

Cubi cung, to1 xin danh tinh y€u ctia minh cho gia dinh, dac biét 1a con gai Di¢u

Linh.
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LOI NOI DAU

Ngay nay, nho sy phat trién cta cong nghé vat lidu va cac k¥ thuat diéu khién ma
PMSM ngay cang duoc sir dung rong rii trong cong nghiép voi nhitng wu diém vé dai
cong suat 1on va co thé mo rong ving tée do hoat dong tity theo yéu ciu cua tai.

Hau hét cac phuong phap diéu khién dong co ddng bd hién nay st dung phuong
phap diéu khién vector trong hé toa do dq, quay vdi toc do tir truong quay. Véi PMSM
thi thanh phan dong dién tao tir théng i « dugc giit bang khong do di co sy ton tai tir
thong ctia nam chdm vinh ctru, ta chi phai diéu chinh thanh phan dong dién iq. Tuy
nhién, phuong phdp nay chi cé thé diéu chinh duge dong co hoat dong trong ché do
moment khong ddi, khi bd bién tan chua bdo hoa. Pdi v6i nhitng tmg dung doi hoi dong
co phai 1am viéc trén dai tbc d6 dinh murc, giai phap dua ra 1a giam tir thong stator bang
cach bom vao dong dién stator mQt thanh phén dong dién am truc d dé tao phan tng doc
tryc khir tir. Tuy nhién dong khir tir ia phai dugc diéu chinh ¢ mot mic d6 cho phép do
mdi nam cham déu co gidi han khir tir nhat dinh, vi thé ma ving mé rong dai téc do cta
PMSM con twong ddi nho.

Nhitng nim gan day cé rat nghién ciru méi vé diéu chinh tbc d6 PMSM. Mot
trong cac phuong phap d6 1a biéu dién dong iatheo dong dién Is1a gidi han dong dién tdi
da ma ngudn cap co thé dap tmg dugc, sao cho moment dat 16n nhat. Tac gia Shiego
Morimoto va cac cong sy da dua ra mot ky thuat sir dung thuét toan va céu hinh diéu
khién dé tim duong MTPA. Tuy vay, phuong phap nay khong thé ap dung cho ving trén
tdc d6 co ban do bi gidi han vé dién ap.

Vi dé tai duge giao: Piéu khién cuc dai moment dong co nam cham vinh ctu
chim tmg dung cho 6 t6 dién, tac gia di xay dung mé hinh moé phong dé kiém chimg lai
thuat toan va mo rong thém vung hoat dong cua dong co Ién trén tdc d6 co ban cho phu
hop véi dic diém truyén dong cia 6 to dién.

Do an duoc trinh bay 1am bdn chuong gém:



- Chuong I: Téng quan vé dong co dong bo nam cham vinh ciru.

- Chuong II: Diéu khién dong co ddng bo.

- Chuong III: Phuong phap diéu khién MTPA cho IPMSM

- Chuong IV: Tinh toan cac mach vong diéu khién va mé phong.

Dé tai nay chi dimg lai & mirc do x4y dung trén co so 1y thuyét phuong phap diéu
khién IPMSM nhim nang cao chat lugng hé truyén dong va phu hop voi tmg dung trong
6 to dién. Pé c6 thé xdy dung dugc mo hinh thyc té thir nghiém thi con nhiéu yéu té

khac ma tac gia chwa thé dap ung duoc.
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CHUONG I. TONG QUAN VE BONG CO PONG BO NAM CHAM VINH CUU

1.1. Khéi quat dong co dong bd nam cham vinh ciru

Maic du dong co khong déng bd va dong co mét chiéu van chiém uu thé trén thi
truong nhung ngay nay da co nhiéu nghién ctru va ung dung hon danh cho dong co
d@)ng bd, dac biét 1a cac dong co déng bd nam cham vinh ctu PMSM. PMSM str dung
nam cham tao ra tu truong ¢ khe ho khong khi thay vi sir dung cudon day nhu trong cac
dong co mot chiéu hodc tir héa mot phan dong stator nhu trong dong co khong dong bo.

Uu thé 16n cua dong co nay phét sinh tir viéc don gian héa trong ciu trac. Do
khong co ) g6p nén nd gon nhe hon dong co mot chiéu, it phai bao dudng va lam viéc

vo1 do tin cay cao.

MNam cham vinh ciru

Rotor

Hinh 1.1. Mt cdt cia PMSM.
Rotor PMSM lam béng sit dic hinh tru hodc duge ghép lai tur cac 14 thép k¥ thuat
dién dat mong c6 duc 16 cho don gian trong qua trinh san xuét. Cac thanh nam cham
dugc gin trén bé mat cua than. Nam cham xoay theo hudng tir hda mat do tir théng qua

khe hé khong khi. Mat dg tir thong sau d6 phan trng véi dong dién trong cudn day dat
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vao cac rinh trén bé mit bén trong stator dé sinh moment. Rotor trong PMSM thuong
duoc san xuit kin hoan toan dé bao vé cic nam cham khong hit bui sat tir khong khi va
bi anh hudong boi céc chat 6 nhiém khéc tir cach nhiét dong co. Nam cham PMSM
thuong duoc tir hoa trude khi hoan thién va lip rap.

Do khéng c6 cudn déy trong rotor, PMSM c¢6 quan tinh thip, cuong do tir truong
cao, tiéng dn dong co khi chay giam. Hon nita do khong c6 ton thit dong & cudn thir cap
nén hiéu suat cao hon dong co déng bd. Ngoai ra PMSM c6 loi thé trong viéc két hop
momen tir trd trén ving suy giam tir thong nén né co thé dugc thiét ké dé co cong suat
khong dbi trong ca dai toc do. Két qua 1a PMSM c6 mat d6 nang luong cao hon céc loai
dong co khac.

Ngay nay, hiéu suat cta cac thiét bi gia dung duoc quan tdm hon do anh hudng
ciia moi truong ciing nhu cic quan diém mdi vé tiéu dung. Vi viée chi phi vat lidu
trong thiét ké ngay cang giam, nén PMSM ngay cang duoc str dung rong rai nhu trong
ta lanh, diéu hoa khong khi, hit bui, may giat...Ngoai ra, thiét bi thuy luc trén xe may
va may bay dugc thay thé dan boi PMSM cho hiéu qua nhién liéu cao hon.

Duya vao sy khac bi¢t ¢ vi tri dat nam cham ma PMSM duoc phan ra lam hai loai.
Néu nam cham dugc dit trén bé mat rotor, nd duoc goi la dong co déng bo nam cham
bé mat SPMSM. Néu nam cham dugc dit chim trong than cua rotor, ndé dugc goi la
dong co dong bd nam cham chim IPMSM

Céc dong co vai rotor c6 nam cham dat trén bé mit s& cho mat do tir thong trong
khe ho khong khi 16n hon nhung két cau co khi kém viing chic nén chi phu hop véi cac
ung dung tbc do thép. Nguoc lai, cac dong co voi rotor c6 nam cham dugc dat chim
trong than s& c6 két cau co khi vitng chic va phu hop cho cac tmg dung téc do tir cao
dén rét cao.

Viéc sap xép nam cham trong than rotor dan t6i dién cam stator s& co gié tri khac

nhau theo hudng doc truc va ngang truc. Pién cam doc truc dugc dinh nghia 1a dién cam
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cua stator khi truc cudn day stator trung vai truc cua cuc nam cham. Nguoc lai, khi quay
rotor di mot goc 90° dién, ta s€ c6 dién cam stator la di¢n cam ngang truc. Vi cac dong
co ¢6 cAu tric nam chadm dat noi trén bé mat, dién cam doc truc s& xép X1 béng dién cam
ngang truc do dudng dan tir thong khong khac biét nhiéu giita vi tri doc truc va ngang
truc. Nhung & chiéu nguoc lai, cdc dong co cod céu truc nam cham dit chim trong than
rotor, dién cam doc truc s& nho hon so véi dién cam ngang tryc. Nguyén nhan dan dén
s khac biét nay chinh 1a do yéu t6 khong ddng déu vé duong dan tir thong trong cu

tric rotor vé1 nam cham ddt chim trong than.

(a) (b)
(c) (@
Hinh 1.2. C4u tric PMSM: (a) SPMSM, (b) ISMSM, (c) IPMSM, (d) IPMSM (Tir thong
tap trung)

Mot van dé thuong gip trong SPMSM 1a cach ¢ dinh nam chdm trén than rotor.
Keo dinh dac biét dugc sir dung nhung thuong bi thoai hoa dan dudi tac dong cua nhiét
d6 va lyc ly tdm 16n sinh ra khi dong co hoat dong. Néu dung cac dai kep bang thép
khong ri dé ¢d dinh va bao vé nam cham ciing s& c¢6 ton that trén bé mit thép khong ri

do cac dong xody giy ra boi song hai qua khe hé khong khi két hop véi cac sdng mang



Cheomg 1. Ting guam v Edng oo g b nem chan v e
=i

tir nghich luu PWM. Mt khac, cac thiét bi bao vé nhu soi thuy tinh hodc thép khong gi
cling doi hoi mot khe ho khong khi 16n hon. Trong khi d6, véi IPMSM, cac thiét bi c¢b
dinh, dinh hinh cho nam cham la khong can thiét do nam cham duoc dua vao bén trong
than rotor. Pugc bao v¢ khoéi cac song hai lyc tir dong stator va song hai ranh, cho phép
cac nam cham hoat dong hi¢u qua va tiét kiém chi phi hon.

Duéi day la bang so sdnh mot s6 dic diém cua hai loai PMSM, qua do giup ta cé

nhing hinh dung co ban vé su khac biét giita hai loai dong co nay.

SPMSM IPMSM

0
V T ¥
i 1 :
tr I ©
i ¢ f
n 1 g
a ° S
m i 4
c L a
4 q t
I .
N / Dai tde do (ving

L suy giam tu

m d thong)
b M
in 0
h m
Vi e
n n
a t
m u
¢ t
h r
a
m

Mat do song hai
trén nam cham

Luong nam cham

me—r.m,ZQd

sir dung



Trén mat rotor Keo hoac dai Lén  Chim trong rotor
Lén 1 Gan trong 161 rotor
Khong Nho
Théap Trung binh Tuong dbi nho

>1

Co

Cao

Lén

Béang 1.1. Bang so sanh gitta SPMSM va [IPMSM.

1.2. M6 hinh héa PMSM
1.2.1. Bién cam cua PMSM
Ta xem xét @6 tir tham cua cac nam cham dung trong dong co PMSM: Do tir tham
tuong ddi cua Ferrite: 1,05-1,15. Caa Neodymium-Iron-Boron (NdFeB): 1,04-1,11 va

ciia Samarium Cobalt Trong xe dién, da phan st dung dong co

(SmCo): 1,02-1,07.

IPMSM dung nam cham NdFeB dé c6 mat do tir du Br vuot troi, khoang 1,4T. Vat liéu
két dinh dé bi an mon do d6 yéu can phai c6 16p son pha dic biét trén bé mit nam cham.
Mat d6 tir du Br giam déan khi nhiét d6 ting khién nam cham d& bi khir tir khi nhiét do &
100°C. Cac vat liéu hop kim véi Dysprodium giap tang kha nang chiu dung lén khoang
175°C, pht hop cho hau hét cac ing dung. Mit khac, do tinh sdn c6 cia Neodymium
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trong tw nhién ciling nhu viéc khai thac dé dang, gitip giam chi phi san xuat xudng kha
nhiéu.

1.2.1.1. Bién cam caa SPMSM

h-?f: "|" Q

(b)

Hinh 1.3. Puong dan tir thong SPMSM. (a) theo truc d. (b) theo truc q.
Hinh 1.3.(a) biéu dién tir théng truc d twong tmg v6i dong dién truc d. Cac cudn
day truc d xac dinh doc theo truc q. Ap dung dinh luat Ampere dé dong dién truc d chay

doc theo vong lap nhu trong hinh, ta c6:
— — — (1.1)

Véi

Q>+
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C d

h 1

a ¢

m n

v 1a téng chiéu dai tir thong chay trong 13i thép
4

tuong ddi nho, ¢6 thé bo qua

Khi ta co

(1.2)

Mit khéc, néu coi A 1a dién tich khe ho khong khi ma tir thong di qua
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- (1.3)
Dr, I st1an luot 1a duong kinh va chiéu dai xép chdng 1én nhau cta rotor tuong
ung. Véi:
N 1a s6 vong day cta cudn day truc d

Ta c6 dién cam truc d 1a
(1.4)

Hinh 1.3.(b) mo ta tir thong qua truc q. Cha ¥ rang tir thong khong di qua nam
cham. Ap dung dinh luat Ampere ta c6

(1.5)

Su c¢6 mat cua nam cham khong anh huong dén tir tré ciia cac vong tir thong,
nghia 12 khoang cach khe hd khong khi 1a déu nhau theo chu vi rotor trong SPMSM. Do
do Ld:Lq.

1.2.1.2. Bién cam cua IPMSM
d

I\'riq'

(a) = (b)

Hinh 1.4. Puong dan tir thong IPMSM: (a) theo truc d, (b) theo truc q.



Tt tré khac nhau tiy thude duong dan tir thong trong IPMSM. Dong tir thong
theo truc d cit nam cham trong khi dong tir thong theo truc q khéng cat nam cham. Luc

nay tir tré truc d 16n hon truc q ddn dén Le<La.

- (1.6)

S (1.7)

Vay, voi IPMSM, dién cam khong dbi xung Ls<L, sinh ra momen tur trd, gop
phan ting moment truc voi dong 4m trén truc d.
1.2.2. Phuong trinh di¢n ap SPMSM

Phuong trinh di¢n 4p SPMSM duogc mo ta trén hé toa do abc.

Trong dong co dong bo: - ~ . Vély thuyét, ta xay dung cac

tinh toan cho dong co hai cuc (p=2). Nén dugc dp dyng cho dong co ¢6 56 cuc

16n hon 2.

1.2.2.1. Phuong trinh di€én 4p SPMSM trong h¢ toa dd abc

Trong phuong trinh dién ap, 2 yéu t6 gop phan hinh thanh tir théng moéc vong 1a
cudn day stator va tur thong rotor. Tuy nhién, tdc dong cua tir thong rotor Ién cudn day
pha a thay dbi khi rotor quay. Piéu nay c6 nghia tir thong chiu anh hudng ciia goc quay

0
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Tty théng moc vong

-
(b)

Hinh 1.5. Sy thay ddi tir thong méc vong ctia cudn day pha a khi rotor quay.
Hinh 1.5 cho thiy cach tir thong méc vong voi cudn day pha a. Khi tir thong moc
vong rotor dat cuc dai tai 6=0 (b), va =0 tai 6=n/2 (c). Vi vay, cac thanh phﬁn co ban
dugc mo ta bang ham cos. Tur thong méc vong stator cia SPMSM duoc md ta bang

phuong trinh trang thai

_ _ o (1.8)



Nhu da phan tich & muc trude, ta c6 khoang cach khe hd khong khi trong
SPMSM la nhu nhau. Vi d6 tir thim ctia nam cham x4p xi 1 nén Labes 14 hing s6 ddc lap
vO1 Vi tri rotor.

Phuong trinh dién &p duogc tinh

= — (1.9)

Du6i1 dang phuong trinh vi phan

(1.10)

Véi

1.2.2.2. Phuong trinh dién ap SPMSM trong h¢ toa do dung yén of

Ta co



L (1.11)

Vector tir thong rotor gdm hai thanh phan 1a 6 16n va goc 0. Khi goc tang,
vector tir thong quay ¢ tam gdc toa do. Do dé tir thong moc vong trong toa do dimg yén

op duoc viét thanh:

(1.12)
Hoac
(1.13)
Vi -
Phuong trinh di¢n 4p SPMSM trong h¢ toa d§ ding yén off
— (1.14)

Hoac



_ _ _ — (1.15)

1.2.2.3. Phuong trinh dién 4p SPMSM

trong hé toa do dong bo dq , tuong duong voi

Chuyén doi vao hé toa do déng
bd bang vi¢c thém vao

. Phuong trinh dién 4p s& duoc mo ta trong toa d6 vat Iy gin véi lién két

gitra rotor v&i goc quay & toc dd w cua rotor.

(1.16)
Hoac
(1.17)
Phuong trinh dién &p trong hé truc toa do d@)ng bo
(1.18)
Vay ta co: o
_ (1.19)

(1.20)



Vi 1a strc phan dién dong, chi phu thudc vao tde do. va la
cac xen kénh sinh ra trong qua trinh chuyén di trong hé toa d6 quay. O dang phuong

trinh vi phan

. (1.21)

1.2.3. Phuong trinh dién ap IPMSM

Trong IPMSM, gia tri dién cam thay d6i phu thudc vao vi tri rotor. Lién két tir
thong thay d6i duge mé ta bang ham sin cua goc rotor 1a

1.2.3.1. Tur thong moéc vong trong IPMSM

Xem xét tur thong moc vong cua cudn day pha a cho céac vi tri khiac nhau cua rotor

trong hinh 1.6 dudi day.
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nam cham

Chidu cao v
khe hé khing khi $

Buc ranh —)I ?}
(a)

1
——— = g — T2 COS 20
g(0) ,

Ty

a 5 ™

(b)

Kl

Hinh 1.6. Khe hé khong khi va nghich ddo ctia n6é 1a mét ham cia
Hinh 1.6.(a) cho thay cac vi tri rotor khac nhau ctia dong tir thong cudn day pha
a. Luu ¥ rang khe hd khong khi thay doi khi rotor quay. Khe ho khong khi 16n nhat khi
tir thong di qua hét cac nam cham tir goc bén phai. Tuy nhién, n6 ciing bi giam dén nho
nhét khi tir théng khong di qua duge nam cham nao. Mot d thi biéu dién ham

dugce miéu ta nhu trén hinh 1.6, c¢6 thé coi 1a mot chu ky tudn hoan. Pién cam 1a mot ham

nghich déo cua khe hd khong khi nén — ¢6 thé duoc xap xi thanh

— (1.22)



Cheomg 1. Ting guam v Edngg oo dicn » nm chifan v fedh

(= T8}

x

yova v 21a cac hing s tich cuc. Khi tir tré khong phén cuc, cho thiy hai sy thay

d6i chu ky trén 1 vong quay rotor. Bang cach nay ta c6 dién cam cudn day pha a la

_ (1.23)

Vi — va —
mo ta thanh
Lms 12 thanh phan tinh, tvong ng
chiéu dai khe ho trung binh. phén tir tro.

. 1.24
Mo rong két qua cho cac cudn day pha (1.24)
khéc nhau ta co6
Véi o o
Labes 14 dién cam tuong (mg vé6i khe hé khong khi khong doi. la dién cam

thay d6i theo goc, né chi mo ta cac thanh phan goc thay ddi co ban. Tir thong méc vong

téng la

(1.25)

1.2.3.2. Chuyén d6i ma tran tir trd

Lrec dugce coi 1a ma tran tur tré vi nd 1a két qua cua
moment tur tré da néi 6 phan
trude
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(1.26)
Str dung
B (1.27)
Vector mong muén durge tinh truc
tiép
B (1.28)
\Y% I4 lién hop phire
G, . cha . e
Tir thong stator cua IPMSM trong hé toa do dirng yén
1
la _
(1.29)

Hoac



(1.30)

- var la cac gia tri chuan theo ty 1€ 161 cua rotor

1.2.3.3. Phuong trinh dién 4p IPMSM trong h¢ toa dung yén of

— — (1.31)

Viét dudi dang ma tran

(1.32)

Mo hinh trén hé toa d6 ding yén nay pht hop cho viéc phat trién dya trén cac

thuat toan khong dung cam bién do truc tiép.

1.2.3.4. Phuong trinh dién 4p IPMSM trong hé toa d6 dong bd dq

= - (1.33)

Hoac



(1.34)

Bfmg cach so sanh, trong hé toa do dung yén, ta théy da bién méat trong h¢ toa

do dong bd. Dicu nay gay ra sy mat can bang gitra di¢n cdm 2 truc d va q.

Phuong trinh dién ap
Voi - va -
Ta co

Tuong duong voi

Su tdn tai cia  tao ra sy khac thi phuong trinh
biét cua va
. Néu
dong hoc cua IPMSM tuong

duong véi SPMSM.

(1.35)

(1.36)

(1.37)
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x
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1.2.4. Phuong trinh moment véi
PMSM

Moment 13 két qua cta su tuong

tuc chéo gitra lién két tir thong

stator
dong stator . Theo quy tic ban tay phai, moment dugc 1y theo hudng doc truc. Sir
dung cac vector don vi trén toa do truc giao ta cod

- (1.38)

Vi la moment dién tir dua trén luc Lorentz. la moment tir

tr¢ do sai léch giita Lqva Latao nén. V&i md hinh c6 ton that nho, va

. Tong cong suat dién
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(1.39)

1.2.5. Phuong trinh dong hoc PMSM
V6i I 1a moment quén tinh rotor, ddc trung cho quéan tinh hé thdng. B 14 hé s ma

sat nhdt va Mc1a moment tai, ta ¢6 phuong trinh dong hoc cia PMSM

. (1.40)
u; 1
+ i r+sk; |15
O;Ld-l—
>_.‘Ld-1‘q
@l fa—
. M
,‘% 1|0 +Y (3P| - ! | o
w o h- | t+s, ghi + 2| * sJ -
e P

Hinh 1.7. M6 hinh IPMSM trén hé toa d6 dq.
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CHUONG II. PIEU KHIEN DONG CO PONG BQ
2.1. Céac vung lam viéc cua PMSM
Dic tinh moment va tdc do cua dong co dugc chia thanh hai vung lam viéc theo

su tang dan cua toc do.

wmh : :
—— M =const ———— chromz,‘—~=¢i
| |
| I
I Lim !
| E
i Uy i
: :
Id‘m A :
M., /) i
: :
I { E
| &E
I |
I
I 1
| I
| |
I [
W

Y

0 25
Hinh 2.1. Céc vung lam vi¢c cua dong co PMSM.

2.1.1. Ving moment khong doi

Ving moment khong d6i hay con goi 13 viing dudi toe do co ban 1a ving ma tbe

d6 dong co nam trong khoang tir 0 dén téc do co ban . Trong ving ndy, mudn ting
téc d6 dong co w, ta diéu chinh giit nguyén dong dién stator tai gia tri 16n nhét ,
diéu chinh dién ap  tang tir 0 tGi . Khi d6 cong suat dong co tang tir 0 téi va
momen dong co dugc gilt nguyén tai gia tri dé gia toc ctia dong co 1a 16n nhat.

Trong vung nay, ta c6 phuong phap diéu khién vector IPMSM kinh dién bang

cach diéu chinh cho dong . Khi d6 moment dién tir s& ty 1¢ thudn véi thanh phan
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dong dién . Phuong phap nay c6 uu diém la don gian, d& thyuc hién va cho dap tng
kha tot.
Tuy nhién néu sir dung phuong phép nay s& khong tan dung dugc tinh chat khong

déng tri vé dién cam ngang truc va doc tryc cua IPMSM, khién moment sinh ra bj triét
trong phuong trinh, tirc 1a moment

tiéu mét thanh phan tha hai do ; X
sinh ra van

chua duoc to1 uu.

2.1.2. Vung cong suit khong doi

Ving cong suat khong doi, 1a ving trén tbc do co ban c6 téc dd nam trong dai tir
t&1 toc do té1 han . Khi dong co dang chay & toc

tbc dd co ban o X
: do co ban

, lac
nay ta tiép tuc tang tdc do dong co 1én cao hon nira, ta bét bude phai thay ddi mot sb dai
luong vat 1y cia dong co dé phu hop voi sy thay d6i cua dong co.
Khi dong co lam viéc & tdc d0 cao tai ranh gid1 cua gio1 han dién ap va cong suit
ma bo nghich luu co thé cung cép va dong co co thé chiu dung. Khi do, dé tang duoc tde
d6 hon nira, ta phai giam tir thong v, diéu nay kéo theo giam moment.

Nhu ta di biét trong PMSM

= — 2.1)

= - (2.2)

Céc vector dong va ap dugc mo ta trong
hinh. (a) khi 14<0 va i¢>0. Dién ap xen

kénh L  aia gA .
nguoc voi stc phan dién dong khi

Do d6 khi tang .
theo chiéu am

s€ giup bu strc phan dién dong.
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Tuy nhién, trong ving toc do cao, dién ap giam qua dién tro cia stator 1a tuong

doi nhd. Bo qua dién ap thuan tro va gia thiét cac dieu kién lam viéc 1a 6n dinh. Ta s€ co
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= (2.3)

= (2.4)

Hinh 2.2. Vector dong va ap: (a) co rs. (b) khong co s

Céc vector duge don gian hoa trong (b). Dé ting téc do, didu can lam 13 ting
dong i, theo huéng am, dong nghia véi viéc giam 1,. V61 phuong phap nay, moment
giam nhung cong suit lai duoc gilt 6n dinh. Ving cong suit khong doi nay cé thé duoc
mo& rong vo han hodc gidgi han. N6 dugc xac dinh béi bién do tuong ddi gitra va

Néu dién ap tdi da c6 d6 16m 1a Us. Gi6i han dién ap dugc mo ta béng cong thuc
(2.5)
Vi tir thong rotor:

Ta co
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(a)

(2.6)
"N\Gioi han dong dién
e
‘\g
1
‘1
! d
!
I
/
/
,/
,/

{b)

Hinh 2.3. Gi6i han dong va ap cho cac téc d6 khac nhau: (a) L ¢<Lq, (b) La>Lq

Gidi han dién 4p 1a mét tap hop cac hinh elip tuong ing vai cac toe do khac nhau.

Gi61 han dong dién 1a duong tron dugce xac dinh bdi cong thic

(2.7)

Nhin vao hinh vé& ta nhan thay, cac elip thu nho dan t6i gia tri (-i 1, 0) twong tng

vé6i toc do tang dan. Gia tri thyuc (i g, i,) 1a tap hop céc diém giao nhau cua elip va duong

tron.

Pé chéng lai sy ting dan cua stc phan dién dong, dong ia phai duoc ting theo

chidu am. Tuy nhién, cic giao diém trong hinh v& cho thiy su gia ting cua ia thu dugc

tuong duong véi viéc giam dong iq. Mat khéc, moment cling can phai dugc giam dé

cung cap mot lugng 16n hon dong iadm. Vay, phuong trinh giéi han dién ap sé 1a

(2.8)
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Véi w du 10n, vé phai duoc triét tiéu. Do d6 néu khi . Thi kha

nang xac dinh cong suat ¢ toc do vo cung dugc xac dinh badi ti€u chuan
(2.9)

Dua vao bicu thuc ti€u chuan trén, ta xac dinh dugc ba truong hop véi dién ap va

dong gidi han cung dd thi biéu dién quan hé cong suét- toc do.

q q 1
Gidi iﬂfflﬁp L (iiéi}m—{iéﬂﬂp l’ Giiafmy . L
P s
{/ [ CE/‘ ‘ — i o = I/\";-I“j\ )
P P P
| — .
/' \ / N\
[ {1 (1 i
(@) ) (©
Hinh 2.4. Pudng cong dong dién va d6 thi quan hé cong suit- téc do: (a) ,
(b) , ()
+ : Tuong mg véi truong hop lién két tir thong rotor 16n hon trudng

cam ung toi da ma dong stator c¢6 thé cung cap. Trén toc do dinh muirc, cong suat gidm
ve khong rat nhanh. Tur tdm hinh elip, dong —i; ndm ngoai gié1 han dong dién, nén sé

khong co6 giao diém trén vung tde do €161 han dugc xac dinh bo1 cong thirc
(2.10)

Puong cong gidi han dong dién va dién ap tach biét nhau khi
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+ : Twong dwong véi i=Is. Tam elip ndm trén duong tron gidi han dong
dién. Ludn co giao diém véi toc do bat ky. Do d6 ving cong sudt khong do6i co thé
duoc mo rong véi toc do dén vo cung (vé mat Iy thuyét).

+ : Gibng nhu truong hop trén, ving cong suat khong doi dugc mo

rong véi toc do dén vo cung. Tuy nhién cong suat ra thap hon nhiéu so véi trudong hop

bicu nay cho thay dé mé rong viung cong suat khong doi. PO bén ctia nam cham
rotor phai can bang vdi dong stator 16n nhat.
Néu coi (id, iq)la mdt diem trén dudng tron gidi han dong dién va dudng tron gidi

han dong dién duogc ¢d dinh thi:

q
- oL, |
wl;i,
oY
U
L,
X Lcosp
' .
d
—I,sinf?
Hinh 2.5. Goc dién ap va dong dién.
Ta co va vol  1a gbe gitra truc q va vector

dong.
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Phuong trinh moment sé tr¢ thanh

tir theo hye

2.11)

'601 moment dién tir la mot ham cua

trong khi moment tr tré 1a mGt ham cua

Khi Lg>La, , trong g v4i moment so v&i goc dugce thé hién trong hinh

(a). Mit khac néu La>Lg, moment tGi han nhu hinh (b). Tuy nhién

thu duoc cho

trrong hop La>Lq it gép. Do do ta chi xét tuong

truong hop Le>La. Luu ¥ rang

duong véi dong 1413 4m. PO 16n twong dbi ciia moment tir trd kha 16n khi gia tri

tham chi moment tur trd con co6 thé cao hon moment di€n tir bang cach tang ti 1€

cao,

la
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Momen tng

-

T T T T T T T T T i 1

180 126 a0 4% o a5 80 135 180
Goc dong dién (B)
(a)

Mormen dién tir

-

T X T . T z T ¥ T X T L T ¥ 1

180 138 80 40 o 4% 80 138 180
Géc dang dign (B)
(b)

Hinh 2.6. Moment tong bao gdm moment dién tir va moment tir trd. (a)La<L q, (b)La>Lq

Tir cac phan tich trén ta thdy dong co IPMSM phu hop cho EVs vi loai dong co
nay c6 thé 1am viéc tbt trong ca ving moment khong d6i va vung cong suat khong doi
thong qua cac hoat dong suy giam phu hop. Trong mot chu ky hoat dong cua dién hinh
cua EVs, IPMSM la mot lya chon 1y tudng vi cé thé san sinh moment xoén cao & téc do
thép va lam gidm tur thong & tde do cao nhung can mot thuét toan diéu khién dé tbi vu

hiéu sudt khi chuyén tir ving moment khong doi sang viing cong suat khong doi.
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2.2. Céac phuong phap diéu khién dong co dong bod

Nguyén tic chinh trong diéu khién dong co 1a giit cho tdc d6 mong mubn cua
dong co khong doi. Piéu nay phu thudc vao moment cung cip cua tai. VAy nén dé co
téc d0 mong mudn, moment cung cip cua tai phai duoc kiém soét.

Tir phuong trinh moment cia PMSM (2.11), ta thdy rang, diéu khién moment
chinh 1a diéu khién cac thanh phan dong (Coi thanh phan dién cam Lava Lqla
khong d6i). Tuwong ty nhu dong co cam mg, cac phuong phap didu khién cho loai dong

co nay ciing duoc ap dung cho diéu khién PMSM

2.2.1. Piéu khién v6 huéng U/f

Pay 1a phuong phap diéu khién kinh dién, diéu khién vong hd va khong c6 phan
hdi. Str dung cho cac tmg dung don gian nhu bom, quat...nhiing tmg dung khong co
yéu cau cao vé hiéu suat truyén dong.

Béng viéc diéu chinh tan sb va dién ap dat cho dong co theo mot ham ¢ dinh
(héng s6 ti 18 U/f) dé dat duoc gia tri diéu khién mong muén. Toc do dong co phu thudc
truc tiép va hoan toan vao tan s6 dién ap dat cho stator dong co.

Di¢n ap dat trén stator trong ché do 6n dinh dugc tinh béng cong thuc

(2.12)

Néu bo qua dién ap roi trén dién trd stator thi dién ap stator s€ ti I¢ thuan voi tan
sd dién 4p cdp cho nod. Vi vay phuong phap diéu khién U/f=const s& cho phép diéu khién

dugc dap ung toc do dong co.



Chunosgs 011 Bl khide ddng <o ding
b

Uudm

-

fam  f(Hz)

Hinh 2.7. Bac tinh U/f.
Tir cong thirc dién ap, ta thay khi téc do dong co 10n thi thanh phan dién ap roi
trén dién tro stator chiém ti 1& nho. Nhung khi dong co hoat dong & cling téc do thap thi
thanh phén nay lai chém ti 18 16n. Vi vay dé nang cao chat lugng diéu khién, ta can

thugc hién bu dién ap cho phuong phap diéu khién nay.

by 4

f| \
Inverter IPM I

Y

U,

U U, |U,
7 —)-/\,4— R,

Hinh 2.8. Cau triic hé truyén dong vo hudng.

h 4

Uu diém ctia phuong phap nay 1a don gian, gia thdp nhung c¢6 han ché 1a moment
khong dugc kiém soat. Khong co phan hdi dong ciing nhu phan hdi téc do trén truc

dong co. Vi tri rotor ciling dugc bd qua.
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2.2.2. Phuong phéap diéu khién truc tiép moment DTC

La phuong phap khong c6 phan hoi tbe d6. Moment dong co duoc diéu khién

truc tiép thong qua dong md cac van cong suat cua nghich luu. Bi€u nay cling cé nghia

1a khong sir dung cac phuwong phap diéu ché do rong xung. Vi viéc chon mot vector

dién ap phu hop tir bang chuyén dbi dugc xay dung trude dua vao trang thai tire thi cua

moment va lién két tir thong. Sai 1éch giita moment va lién két tir thong dugc so sanh

vo1 mot khau tao tre, tao ra tin hi¢u diéu khién bd phat xung vao van cong suat.

Uu diém cta phuong phap nay 1a ddp tng moment nhanh hon hang chuc 1an so

v6i didu khién tya tir thong FOC. Do khong phai do vi tri rotor ciing nhu khong ¢6 phan

hoi toc do va dieu ché do rdng xung ma mo hinh di€u khién cia DTC kha don gidn, khoi

lugng tinh toéan it. Tuy vay, do nhép nhd moment 12 mot ton tai lam tinh 6n dinh coa

phuong phap giam di nhiéu. Pong co 1am viéc ciing kho 6n dinh & ving tdc do thap.

w*

7]

@,

Thudt toan
diéu khién
(MTPA, FW...)

[

@,

M? 11
- - =
A J__; Bang chon ' “\\
vector Bién tan ’ PMSM);
* i emr X,
Ve = S 1L, diéndp W
S —
Use
Oy, Tinh
UG abe/
///G’
a
M '/_ !
Tinh toan le |l Y
Y | tir thong & momen - [Encoder]|
@,

Hinh 2.9. So d6 céu trac diéu khién truc tiép moment PMSM.

2.2.3. Piéu khién vector tra tir thong rotor FOC

FOC la giai phap diéu khién t6t nhét cho cac tmg dung toc do thap va hiéu suat

truyén dong cao nhu can cau...FOC 1a phuong phap diéu khién vong kin v6i hai mach
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vong tdc d6 ma moment. Mach vong tdc d6 do téc do tirc thi cua dong co va phan hdi vé
thong qua bd ma héa, ddy dugc coi nhu tin hiéu phan hdi vong ngoai. Vong trong 1a
diéu khién moment dién tir. Pay ciing 14 1y do ma FOC duoc goi 1a diéu khién gian tiép
(indirect). Diéu khién gian tiép moment thong qua diéu khién dong dién.

Phuong phap diéu khién vector twa tir thong rotor dya trén mé hinh déng co trong
hé tryuc toa do quay dong bo. Trong dé hé truc duge gan vao vector tir thong rotor.

Uu diém cua phuong phap nay 13 diéu khién téc do chinh xac, dap tng moment
t6t. Nhuoc diém ciia no 1a chi phi cao, phai ap dung cac k¥ thuat diéu ché d6 rong xung

cho nghich luu kha phuc tap.

Unc
F 9 HH

¥ i
',_'. 'ii_'. "ldq [:

a4
@] O o | PWM
L

| gl Y
Lop

o

Bién tdn

s

g iam
dq

T

PMSM,

Encoder

@

Hinh 2.10. So dd cau trac diéu khién vector tua tir thong rotor cho PMSM.
Ngay nay, FOC c6 hai huéng phat trién chinh:

- Hudng diéu khién str dung cam bién va cac by ma hoa (Encoder)
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- Huéng diéu khién khong cting cam bién ma dung cach ude lugng vi tri va tdc
do rotor (Sensorless).

Véi PMSM, phuong phap didu khién lira chon phai c¢6 kha ning dap tng moment
tdt, nhanh chéng. Ngoai vige kiém soat duogc tdi wu cac mach vong dong dién va tde do
thi vi tri rotor cling 1a mot bién quan trong cin xem xét. Dwa vao phan tich cac phuong
phap diéu khién dong co dong bd ¢ phan trén. Ta nhan thiy rang phuong phap phi hop
cho diéu khién PMSM chinh 14 phuong phap diéu khién tua tir thong rotor (FOC)
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CHUONG III. PHUONG PHAP DIEU KHIEN MTPA CHO IPMSM
3.1. Khai niém diéu khién MTPA

Véi SPMSM, do khéng c6 thanh phian moment tir tré nén gia tri moment dugc
xac dinh chi bang dong dién i;. Tuy nhién v6i truong hop cia IPMSM, moment tir tro
duoc quyét dinh boi dong dién ia. Do d6 dé sinh
c6 rat nhiéu sy két hop gitra moment.

Phuong phap diéu khién c6 dién va don gian dau tién 13 cho dong dién i,=0 va tan
dung loi thé tuyén tinh ctia quan hé giira moment va dong dién iq. Phuong phap nay
thich hop cho diéu khién SPMSM do khong con lya chon nao khac ngoai trir viéc diéu
khién dong dién truc q. Nhung voi IPMSM lai kém hi¢u qua hon vi khi ¢ dinh i=0
dong nghia véi viée 1am mat kha nang giam tir thong ciia dong co, nghia 1a lam han ché
gii han lam viéc ctia IPMSM 6 ving tdc do cao.

. Nhu di phan tich & chuong trude, trong phuong trinh moment, ida va iq c6 thé
duoc thay thé bang vector dong dién stator Is. Tir phuong trinh moment IPMSM

— (3.1
Thay ~ valay dao ham moment v6i dong dién i, ta co
- _ (3.2)
Tuong duong voi
_ (3.4)
Tur (3.4), suy ra gia tri id
(3.5)
Cong thic (3.5) theo dong dé moment dat gid tri

cho phép biéu dién dong
16n nhat.
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Hinh 3.1. Puong MTPA.

Ngoai ra, dé c6 dap mg tirc thoi nhanh va moment cua dong co dat gia tri 1on
nhat & mot cuong do dong dién nhat dinh dugc cap tir bién tan thi goc p phai dugc kiém
soat. Trudc tién, ta ¢ dinh cuong do dong di¢n Is, sau do thay doi goc B cho dén khi
moment dat murc t6i da. Dé tinh toan goc phu hop, ta lay dao ham ctia moment ddi vai
gbc P.

— (3.6)
Tuong duong 3.7)
vGi '
Do do6 taco
(3.8)

Phuong trinh trén cho ta goc trng véoi cuong do dong dién Is. Mat khac, nhu da
phan tich ¢ phan trén, nén ta dugc
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(3.9)

Cong thire (3.9) cho phép biéu dién dong  theo dong dién satotor Issao cho gia
tri moment dat 16n nhat. Puong nét dit trong hinh 1 duong MTPA khi cudng d6 dong
dién tang tir khong dén Is. N6 1a tap hop cac diém cé gia tri

Morimoto va cac cong su trong [9], [10] da néu ra mdt k¥ thuat st dung thuat
toan va cAu hinh diéu khién rét chi tiét dé im duong MTPA duya vao cong thic (3.5).

Phuong phap MTPA dugc sir dung rong rii trong nhiéu Gmg dung thuc té vi né
don gian va giam thiéu dugc ton that ddng. Tuy vay, phuong phip nay khong thé ap
dung cho vung trén tdc d6 co ban do bi gi61 han vé dién ap.

3.2. Khai quét cac ky thuat ap dung trong diéu khién MTPA

Véi su tién bo cta khoa hoc ky thuat hién nay, IPMSM ngay cang duogc ua
chudng va sir dung nhiéu hon trong cong nghiép do cic dic diém wu viét vé moment,
hiéu suat hoat dong, kich thudc dong co...Song song do6, viéc nghién ciru cic phuong
phéap diéu khién dé thoa man cac yéu cau vé tai, téi vu hiéu sudt cho dong co ciing 1a
mot linh vyc rat rong va da dang.

Moment sinh ra trong dong co 1a két qua tuong tac giita dong dién phan ung véi
tir thong sinh ra trong hé thong kich tir dong co. Tir thong phai duoc gitt & muc tdi wu
nham dam bao sinh ra moment 16n nht va giam thiéu t6i da bao hoa ciia mach tir. Dong
co, ndéi cach khac nhu mot nguén moment diéu khién dugc. Yéu cau diéu khién chinh
xac gia tri moment tirc thoi ctia dong co dit ra trong cac hé truyén dong co dic tinh
truyén dong cao va sir dung phuong phéap diéu khién vi tri truc rotor.

Viéc diéu khién moment & ché do xac 1ap co thé mo rong cho qua do duoc thuc
hién trong cac hé thong diéu khién vector theo nguyén 1y dinh hudng tir truong. Viéc
diéu khién theo nguyén 1y dinh hudng tir truong c6 nhiéu phwong phap khac nhau: Pinh
hudng tir thong rotor, dinh hudng tir thong stator, dinh hudng tir thong khe ho khong
khi. Trong d6 phuong phap dinh huéng tir thong rotor duoc ing dung rong ri nhat.

Phuong phép diéu khién cyc dai moment IPMSM di thu hut dugc rat nhiéu su
cha ¥ ctia cac nha nghién ctru va dén nay di c6 rat nhiéu cac giai phap duoc dua ra. Tir
cong thire (3.9) cho phép biéu dién dong  theo dong dién satotor Is sao cho moment dat
16n nhét, ta thdy  phu thudc vao cac tham sb . Nhitng nghién ctru ban dau
dua trén cac tham sb ¢b dinh co duogc tir mé hinh dong co. Sau do, cac ky thuat xem xét
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dén d¢ bao hoa tir va nhi¢t do ciing dugc dé xuat. Véi su tién bd trong kha nang xir 1y
ciia DSP, nhitng thuat toan chuyén sau hon bit ddu duoc nghién ciru phat trién trong
nhitng ndm gan day.

Céc ky thuat dya trén théng s6 quy ddi tir mo hinh dong co 1a céc tinh toan
chuyén sau dé giai quyét cac phuong trinh trong thoi gian thue nén hau hét cac gia tri toi
wu duge tinh todn trude dé luu vao mot bang tinh hodc dudng dic tinh phu hop véi cac
phuong trinh udc lugng quy chuan. Viéc giam thiéu t6n that trong dong co 1la mdt
hudng dugc nghién ctru dé nang cao hi¢u sudt moment. Dua vao cac phuong an cu thé
hodc ap dung céc ky thuat diéu khién phuc tap [11], [12]. Ton that Cu va Fe c6 thé duoc
giam, dic biét ¢ toc do thip khi ton that Fe thanh khong déng ké so véi ton that Cu.
Piéu khién hoat dong t6i uu c6 thé dugc xac dinh véi ton that Cu tdi thiéu trong [13].
C6 rat nhidu k¥ thuat tinh toan dé xac dinh duong MTPA bang cach dya vao mo hinh
todn hoc du chinh xdc ctia dong co sau do thu thap cac s6 liéu do truc tiép dé dat hiéu
qua toi da nhu trong [14] nhung nhuoc diém 1a thiéu sy chinh x4c. Khong thé theo ddi
dugc sy thay ddi cua cac tham sb hodc co sy khac biét gitta mo hinh todn hoc dugc s
dung dé tinh toan va dong co thuc té. Giai phap khic phuc 1 cap nhit trude cac tinh
toan bang cach sir dung udc luong truc tiép tham sd dong co trong [15]. Nhung phuong
phap nay c6 han ché nhu ting ganh ning tinh toan [16] hay viéc bat budc phai c6 cac
gia thiét han ché, vi du nhu cho phép thay ddi cac gia tri do dién ap thuc té bang cac gia
trj tham chiéu trong [17]. Nhém k§ thuat ndy c6 vu diém la dua trén su phat trién trong
cong nghé ché tao dé xay dung moé hinh dong co. Xem xét sy phu thudc ctia tai vao cac
bién dién cam. Nhung nhuoc diém chung 14 viéc xay dung cdc mo hinh doi hoi cac bai
kiém tra va thu nghi¢ém dic biét ma chi co thé duge thuc hién trong phong thi nghiém.
Thr dén 13 dua vao cac phép do cam bién truc tiép khi hoat dong cua tai thay doi. Dé
dap ung duoc can phai co cac két ndi va cam bién phu hop, chua ké nhiéu tham sé chua
tim dugc phép do chinh xac ma phai quy doi bang céc tinh toan. Viéc nay lam ting chi
phi cho hé théng. Va mic du viéc kiém soat truc tiép tham sb co thé bu dép duoc cac
thay ddi ctia tham sb trong qué trinh hoat dong nhung phan tmg dong ning lai chdm do
khéi lugng tinh toan 16n din dén chi hiéu qua khi cac diém hoat dong co cuong do thay
ddi cham

Mot céch tiép can thay thé cho céc tinh toan va tim quy dao dudng MTPA truc
tiép ma it dga vao mé hinh toan hoc cia dong co, giup gidm su phu thude vao cac tham
sb dong co la k¥ thuat diéu khién dua vao viéc tim cuc trj diéu khién [18]. Pugc phat
trién déy du hon trong [19] va hoan thi¢n trong [20]. K¥ thuat nay st dung mot tan sb
cao hinh sin bom vao mach vong diéu khién tdc d6 dé trich xuat céac thong tin can thiét,
tim va theo doi hoat dong cua duong MTPA. Cach thirc thyc hién rit da dang nhung sy
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6n dinh va hoi tu khong dugc dé cap dén. Ngoai ra cac ky thuat nay con bi anh hudng
boi cac 16i trong qua trinh chuyén d6i giai doan, phu thudc vao diéu kién hoat dong.
Trong mot sd truong hop co thé gdy mét 6n dinh hé théng. Li chuyén di giai doan
(phase shift) duoc sinh do cac thay dbi cua dién cam ¢ tan sb cao va thuong duoc bu
bang cach dung bang tinh ma khong cha y dén céc 16i wdc luong vi tri rotor duoc phan
anh trén duong MTPA. Tuy nhién, cac bang tinh lai chi thu duoc trong phong thi
nghiém bang cach so sanh hiéu suat cam bién va cic phuong phap diéu khién cam bién.

Nhiing phan tich trén da cho ta mdt cai nhin co ban vé uu, nhuoc diém cua céc
k¥ thuat 4p dung trong phuong phéap diéu khién MTPA. K§ thuat ciia Morimoto trong
[9] dua ra tuy khong méi nhung c6 nhiéu wu diém ndi troi. Pua ra duoc nhitng khai
niém co ban vé giéi han dong dién va dién ap. Ngoai ra con c6 thé mo rong dé tdi wu
momen trén toan dai toc do lam viée cla dong co. Viéc su dung cac DSP co thé cai thién
dugc téc d6 tinh toan. Theo cach tiép can dugc dé xuét trong dé tai nay. Téac gia lya
chon ky thuat diéu khién dua trén quan hé id va iq cua Morimoto dé xac dinh duong
MTPA.

33. Phuong phap diéu khién MTPA dya trén quanhéi  «, iq

3.3.1. Gi61 han lam viéc ctuia dong co

Nhu d3 phan tich & chuwong II, muc 2.1 vé ving 1am viéc ctia dong co. Ta di c6
cac khai niém co ban vé ving moment khong ddi, ving cong suat khong doi, gidi han
dong dién va dién 4p cia PMSM. Trong phan nay, ta nhic lai mot s6 khai niém, qua d6
1am rd hon vé phuong phap MTPA ap dung cho ving lam viéc ciia PMSM nao va cach
tinh quy dao dudng MTPA cho ving lam viéc ay.

Nhu d3 biét, d6i v6i cac hé truyén dong dién, ta ludn c6 mot gia tri dong dién cuc
dai ma dong co va cac thiét bi trong h¢ théng con hoat dong ma khong bi hu hai hoac
dong dién t6i da ma ngudn cip c6 thé dép ung duoc. Néu goi gia tri nay 1 Ism, ta c6
quan h¢ dong dién

(3.10)
Tuong tu ta cling c6 quan hé vé dién ap nhu sau
(3.11)

Ta c6 phuong trinh dién &p IPMSM theo Morimoto trong [8]
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(3.12)
Tur (3.6) va (3.7) tacod

(3.13)
Néu bo qua dién tr¢ stator, (3.13) co thé duoc viét lai thanh

(3.15)

O muc trude, ta da chimg minh véi modi dong dién stator Is, ta diéu chinh dong id
am theo dong iq thi gia tri moment dién tur s€ dat cuc dai.

Tir d6 ta biéu dién duoc quy dao duong MTPA 1a quy tich cac diém trén mit
phfmg (id, iq) sao cho moment 1a cuc dai v6i mdi don vi dong dién Is.

Duya vao cac phan tich vé gia tri moment cuc dai ¢ trén cho dong dién gidi han
Lsm, tir d6 co thé dua ra diém lam viéc cuc dai cho céc gia tri dong dién tuong ung voi

murc tai.

G161 han dong dién

N | =1
// \ N (L=

/ \ \

Gidi han dién dp | ‘1\ \H
(UOZ om) '

Hinh 3.2. Quy dao MTPA trong h¢ toa d0 id-iq.

Diém A(ids, iqa) ndm trén quiy dao dudng MTPA va la giao diém gitta dudng tron
gidi han dong dién Lim v6i dudng elip gidi han dién dp Usm. Dua vao hinh vé ta thay:
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+ Ving dudi tbe do we(ving moment khong doi): Puong elip giéi han dién ap

lac ndy ludn bao dudng MTPA. Vay dé co6 dudng moment cuc dai, diém lam viéc phai

nam trén duong MTPA duoc xac dinh theo cong thiic (3.5)

+ Ving trén téc do we(Ving cong suit khong doi): Lic nay duong gidi han dién

ap khong con bao duong MTPA. Gia tri moment cuc dai ung véi moi dong Is dat dugc

tai giao diém giira duong elip va dudng tron. Ta ¢ thé xac dinh diém nay theo cong

thirc duong elip

(3.
16)

Diéu khién toc d¢ Picu khién dong di¢n Upc
(o e 2 V[ ur ) i
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Hinh 3.3. CAu truc diéu khién MTPA cho IPMSM.

Do dong co hoat dong trén ca hai ving tdc d6 nén gia tri id cling dugc tinh theo
cac cach khac nhau. Tir cac phan tich trén, ta ¢6 luu do thuat toan
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Hinh 3.4. Luu d6 thuét toan diéu khién MTPA cho IPMSM.

Bo diéu khién duoc sir dung dé 6n dinh tdc do, dau ra cia bo didu khién toc do 1a
gia tri dong dat , gia tri nay duoc han ché boi bo han ché thay doi theo tdc do rdi dwa
vao bd tinh todn  theo thudt toan. Vi gia tri ctia 1a dugc tinh toan sao cho thoa man diéu
kién dién 4p va dong dién nén viéc han ché 1a khong can thiét. Sau do, gia tri dat
dugc dua qua bo diéu khién dong tach roi chuyén doi toa do
kénh tao tin hi¢u dat dé dua vao bo nghich
luu.



CHUONG IV. TINH TOAN MACH VONG DIEU KHIEN VA MO PHONG HE
THONG

4.1. Thiét ké mach vong diéu khién dong dién

Nhu phén tich trong chwong I, nhan thdy rang cac gia tri dién ap ud, uq khong
nhiing phu thude cac gia tri dong dién id, iq va tbc do ma con phu thudc 1an nhau. biéu
nay gy ra cic tuong tac chéo 1am anh hudng dén dong co. Tdc do cang tang thi anh
huong lai cang rd rét. Giai phap khic phuc dwoc dua ra 13 thuc hién mot khau bu lai tac
dong cua thanh phan chéo, tir d6 giup tach kénh, diéu khién doc 1ap dugc hai thanh phan
ia va iq. Cac thanh phan dong dién nay c6 thé tuyén tinh hoa bang cach coi chung khong
bi anh huéng chéo 13n nhau va tir d6 ta c6 thé tong hop duoc cac bd diéu khién PI véi
ham truyén tong quat mo ta theo cong thirc sau:

S — (4.1)

V61 va  lacac hé so cua bd diéu khién PI can dugc tinh toan va luya chon.

Y-
e~

R _ /' |
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Hinh 4.1. Ciu triic tich kénh diéu khién dong dién.

Xét mach vong diéu khién dong dién
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Hinh 4.2. Mach vong diéu khién dong dién.

Ham truyén h¢ ho ciia mach vong dong dién:

= (4.1)

1a nhitng hang s6 thoi gian nho vi thé co thé sap

Do va
Xi

— thanh

4.2)

Pé nang cao chat luong dap ung dong dién ta can bu hang sb thoi gian |, néu dat

thi ham tmyén hé hé s€ c6 dang:

(4.3)

Ham truyén-hé-kin-duoc tinh:

(4.4)
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Nhan théy hé kin mach vong dong di¢n 1a mot khau dao dong bac hai, do vay co
thé dua hé kin vé dang khau dao dong bac hai tong quat véi cac dic tinh mong mudn.

Ham chuan béc hai c6 dang

L . 4.5)

Vé6i D 1a hé sd tit dan (Damping factor) va  1a tan s6 giao dong tu nhién (natural
frequency) ctia hé dao dong bac hai. Hé s6 D anh huong dén dap ung cua hé thong. Khi
cho D thay d6i tir 0 dén 4, ta duogc do thi nhu trén hinh 4.3

Step Response

Amplitude

0 0.05 0.1
Time (seconds)

Hinh 4.3. Anh huong cua hé s tat dan D t6i chat luong hé thong. [5]

Pong nhat hé thirc ta co:

(4.6)



Rt  tir phuwong trinh thr hai vao phuong trinh thtr nhat cta (4.6), ta duoc

(4.7)

Tu day ta tinh dugc cac hé so va  cua bd diéu khién dong

Vay bd diéu khién dong di¢n s€ co dang

(4.8)

(4.9)

4.2. Mb phéng hé théng

4.2.1. Céac tinh toan co ban

Pong co duoc lua chon c6 cac tham s6 nhu sau

Cong suat dau ra dinh mirc (Py,,) [kW]

40

Momen dinh mirc(Mdm) [Nm]

134

Téc d6 dinh mirc(nam) [rpm]

2600

Dong pha dinh mtrc (Iam) [a]

216

So6 cuc

Tur thong nam cham (ydm) [Wb]

0,07

bién cam truc d (Ld) [uH]

375

bién cam truc q (L,) [uH]

835

295

DiAn-frav-etator-LirS)
OO -Stator (1)

[mQ]

2

Momen quan tinh (J) [Kg.m ]

0,018
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Béng 4.1. Thong s6 dong co IPMSM.



Toc do co dinh muire

— (4.13)
Téc d6 dién dinh muc
— (4.14)
Véi diéu khién vector thong thudng, dong dién ie=0 din dén
(4.15)
bi¢n ap dong co dat dinh muc khi va tuong duong véi
(4.16)

Pién ap DC link nho nhat cua bién tan:

Tt cong thirc (4.9) va (4.12), sau qua trinh tinh todn va thir nghiém, véi gia tri
D=2,5 va a=6. Ta c6 bo diéu khién dong dién va bo diéu khién toc do

(4.17)

(4.18)

Nhu da phan tich & chuong III, quy dao dudng MTPA c6 dugc 1a do viée didu
chinh dong id theo cong thirc (3.5). Moment dong co dat gia tri cuc dai khi dong dién
stator 14 cuc dai. Cong thirc (3.10) s& duoc viét lai thanh

(4.19)



Khi d6 giao diém giita duong quy dao cuc dai moment va dudng giéi han dong
dién 1a diém moment sinh ra dat gia tri 16n nhat. T cong thirc (3.9), ta c6 toa do diém A
1a diém cuc dai moment

(4.20)

iq [A]

0 L L L L L
-120 -100 -80 -80 —-40 -20 0

id [A]

Hinh 4.4. Quy dao tinh toan duong MTPA.

Moment cuc dai ciia dong co

4.21)

Khi thyc hién thuat toan MTPA, dong 1¢ am dugc bom vao lam giam tir thong doc
truc dong co, do do tbe do dong co khong con béng nita ma tang lén tdc d6 co ban

(4.22)



Tuong g vé1 toc do co

(4.23)
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Hinh 4.5. Quy dao tinh toan duong gidi han moment dong co.

Khi dong co hoat dong voi tde do vuot toc do co ban, dién ap stator luc nay da
dat dinh mirc do d6 mudn ting tdc phai giam kich tir bang cach bom dong is am dugc
tinh toan theo cong thirc (3.16) dé khir bot tir thong nam cham ctia rotor. Khi d6 dién ap
dong co s€ khong bi vuot qua ma gitt nguyén tai gia tri dinh muc, tuy nhién kha nang
sinh moment cua dong co cling s€ gidm. Luc nay dong co hoat dong trong vung lam
viéc ¢ cong suét cuc dai khong ddi.

Gia tri dién ap
(4.24)

Tur thong doc truc s€ bi khir hoan toan khi dong dién truc d dat toi gia tri min

— (4.25)

Khi d6 dong dién truc q s€ l1a



wrnge 1% Tinh fecin e ek wdmg didss khiin wi i pheo g b

(4.25)

Moment dong co

(4.26)

Tdc d6 cuc dai theo thuét toan giam tur thong
_ (4.27)
Tuong tmg véi toe do co

(4.28)



4.2.2. M6 phong va két qua

1. Thuc hién mé phong véi didu khién vector thong thuong ie=0

Céc dai lugng dat dugc thay ddi 1a téc do va moment tai.

Thoi gian [s]  Téc d6 [rad/s]

Moment [Nm]

0 100 0
0,2 100 80
0,4 272 80
0,6 272 134

Bang 4.2. Bang cac gia tri dit cho diéu khién vector thong thudng.

Két qua mo phong:

Khi thay doi toc d ¢ Os va 0,4s, thoi gian xéc 1ap khodng 0,05s. D9 qué diéu

chinh _Thoi 0 0,2s va 0,6s do
diém dong tai moment

sut toc khoang 30%.

Moment d4p tng nhanh khoang 0,02s. Bién d§ dap mach nho khoang 5%.



w [rad/s)

id [A]

Charormge 1Y Tinh Sacdhn o fa:

thang

rreach wedg didces khidn w8 i pheeng bi

300

T T T T T T T 250 T T T T T
H : : : : : : : : : = Gia fri phan hoi
H | : H H H 13 1 dat
gspb e b V i : : : : : : :
7741 ]| ES SRN  S 4
o E 1501
: : 4 :
150 R S S 4 E :
: = 1o
) v | '
Giatri phan hot
: : } | e Gl 1 it i i
0 H H H T i - 1

02

0.3

o8
t[s]

0 oz 03 04 05

08

o7

—— Gia Iri phan hoi
— G 11 311

= 3000 b b

350 T T T T T

— i tri phan hoi
— ]

13 tri gat

02

03

04
1[5]

iabc [A)

05

06

07

08
1[s]

04 0.5 06 T [1F:]
t[s]

(e) Bap ung dong dién stator

04 05

08

07

Hinh 4.6. Két qua mé phong diéu khién vector thong thuong.



2. Thyc hién m6 phdéng khi str dung thuét toAn MTPA

Thoi gian [s]  Tdc do [rad/s] Moment [Nm]

0,8 272 134
1,0 272 202
1,2 348 202

Bang 4.3. Bang cac gia tri dit cho diéu khién MTPA.
Két qua mod phong:
Khi thay ddi moment 1én max & 1s, do sut tde khoang 19%. Khi thay ddi toe do &
1,2s, thoi gian xac 1ap khoang 0,08s. P9 qua diéu chinh . Khi tang toc do 1én tbc

d6 co ban ¢ 1,2s. Dong dién ia giam xudng -160A ddng thoi momet ting 1én khoang
270Nm.
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3. Thuc hién m6 phdéng cho thuat toan FW

Thoi gian [s]  Tdc do [rad/s] Moment [Nm]

1,4 272 152,3
1,6 460 152,3
1,8 573 152,3

Bang 4.4. Bang cac gia tri ddt cho diéu khién FW.
Két qua mod phong:
Khi thay ddi tde d6 18n trén toc do co ban & 1,6s. Thoi gian xac l1ap khoang 0,08s.
Do qua diéu chinh . Moment gitr & 152,3Nm. Dong diéne=i 187A, c6 bién do

giao dong tuong ddi 16n. Moment dap mach twong déi 16n khoang 260Nm. Thay ddi toc
do 1én max & 1,8s. 1, dat max & 189A.
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KET LUAN

Véi su tién bd cua khoa hoc k¥ thuat ngay nay, dong co IPMSM ngay cang duoc
ua chudng va str dung nhiéu hon trong cong nghiép do cac dac diém wu viét vé moment,
hiéu suit hoat dong, kich thudc dong co... Song song d6, viéc nghién ciru cac phuong
phap diéu khién dé théa méin cac yéu cau vé tai cling nhu tdi uu hiéu suit dong co ciing
1a mot linh vuce rat rong va da dang.

Trong khudén kho dé tai duoc giao: Piéu khién cuc dai moment dong co nam
cham vinh ctru chim tng dung cho 6 t6 dién, dudi sy dinh hudng va gitp do cia
PGS.TS. Ta Cao Minh cuing véi nd luc ctia ban than, tac gia da hoan thanh dé tai va dat
duoc cac muc tiéu co ban sau:

- Hiéuvé ung dung, phan loai, cAu tao va cac dic diém ndi bat cua dong co

nam cham vinh ctru cyc chim dung trong 6 t6 dién.

- Ap dung hé diéu khién vector cho dong co, xay dung bd diéu khién dong dién

c6 khau tach kénh dé loai bo anh hudng cia cac twong tac chéo.

- MO phong thanh cong thuat toan diéu khién cuc dai moment va mé rong cho

ca vung tdc d6 trén tde d6 co ban.

Tuy nhién, trong qua trinh thyc hién van con mot s6 diém can phai tim hiéu sau
thém. Vi vay, trong thoi gian toi ciia tic gida mong mudn thyc hién thém cac van dé:

- Nghién ctru céc thuat toan va phuong phép tim quy dao duong MTPA online

qua do6 lam gidm sy phu thudc vao cac tham s6 cua dong co.

Thiét ké bd quan sat nhidu dé nang cao chit lugng bo diéu khién.
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PHU LUC
A. Khoi tao cac tham so
Yo--mmmmmmm- Tham so dong co IPMSM-----------
P=6; %So cap cuc
Rs=295e-4; Ld=3.75e-4; Lq=8.35¢e-4; %Dien tro Stator [Om]
Phi_pm=7e-2; %Dien cam truc d [H]
%Dien cam truc q [H]
%Tu thong Rotor [WD]
J=0.018; %Momen quan tinh [Kgm2]
Mdm=134; %Momen dinh muc [Nm]
n_dm=2600; %Toc do dinh muc [rpm]
Idm=216; %Dong dien dinh muc [A]
%, Gia tri co ban
Td=Ld/Rs; %Hang so thoi gian truc d [s]
Tq=Lg/Rs; %Hang so thoi gian truc q [s]

wdm=2*pi*n_dm/60)*P  %Toc do dien dinh muc [rad/s]
Udm=sqrt((wdm*Lq*Idm)"2+(Phi_pm*wdm+Rs*Idm)"2)%Dien ap dinh muc dong co
[V]

% Hang so co ban

Kpwm=1; %Hang so bo PWM

Tpwm=le-4; %Hang so thoi gan bo PWM [s]

Ksi=l; %Hang so bo cam bien dong

Tsi=Tpwm; %Hang so thoi gian bo bo cam bien dong

Ksw=1; %Hang so bo cam bien toc do Tsw=0.1*Tpwm;
%Hang so thoi gian bo cam bien toc do [s]

Ts=1le-4; %Hang so thoi gian bo loc thong thap LPF [s]

P R Bo dieu khien dong dien-----------

Kdt=1/Rs

Ki=Kdt*Kpwm*Ksi;

Tn=Tpwm/2+Tsi;

D=2.5; %He so tat dan

Kid=1/(Ki*4*D"2*Tn)  %Hang so tich phan bo dieu khien dong truc d
Kpd=Td/(Ki*4*D"2*Tn) 9%Hang so ti le bo dieu khien dong truc d
Kig=1/(Ki*4*D"2*Tn)  %Hang so tich phan bo dieu khien dong truc q
Kpg=Tq/(Ki*4*D"2*Tn) %Hang so ti le bo dieu khien dong truc q

Ti=4*D"2*Tn;

Tw=Ti+Tsw
Kw=Ksw*3*P*Phi_pm/(2*]);
a=6; %Hang so kinh nghiem do qua dieu chinh

Kiw=1/(a*sqrt(a)*Tw"2*Kw) %Hang so tich phan bo dieu khien toc do
Kpw=1/(sqrt(a)*Tw*Kw)  %Hang so ti le bo dieu khien toc do
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B. Tinh todn duong MTPA

%ommmmmmmmmmm Do thi duong MTPA theo iq*=f(id*)-----------

P R Tham so dong co [IPMSM-----------

P=o6; %So cap cuc

Rs=295e-4; Ld=3.75¢e-4; Lq=8.35¢-4; %Dien tro Stator [Om]

Phi_pm=7e-2; %Dien cam truc d [H]
%Dien cam truc q [H]

%Tu thong Rotor [WD]

J=0.018; %Momen quan tinh [Kgm?2]

Mdm=134; %Momen dinh muc [Nm]

n_dm=2600; %Toc do dinh muc [rpm]

Ism=216; %Dong dien dinh muc [A]

k=1;

for is=0:0.1:Ism

p=[2 Phi_pm/(Ld-Lq) -is"2];
R=roots(p);

if(R(1)<R(2)), id=R(1);

else

id=R(2);

end

iql=sqrt(is"2-1d"2);
Tel=1.5*P*(Phi_pm+(Ld-Lq)*id)*iql;
Vid(k)=id;

Viql(k)=iql;

VTel(k)=Tel;

1=is;

k=k+1;

end
plot(Vid,Viql,'-','LineWidth',2)
title('Do thi duong MTPA theo ig*=f(id*)');
xlabel('id [A]', 'FontSize',14)
ylabel('iq [A]', 'FontSize',14)
hold on

grid on
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C. Quy dao tinh toan dudng gidi han moment dong co

Yommmmmmmmmm- Tham so dong co [IPMSM-----------

P=o6; %So cap cuc

Rs=295e-4; Ld=3.75¢-4; Lq=8.35¢-4; %Dien tro Stator [Om]

Phi_pm=7e-2; %Dien cam truc d [H]
%Dien cam truc q [H]

%Tu thong Rotor [Wb]

J=0.018; %Momen quan tinh [Kgm?2]

Mdm=134; %Momen dinh muc [Nm]

n_dm=2600; %Toc do dinh muc [rpm]

Idm=216; %Dong dien dinh muc [A]

%____ Giatricoban

Udm=318;

a=1/(4*(Lq-Ld));
b=sqrt((Phi_pm~"2)+8*(Lg-Ld)"2*Idm"2);
id2=a*(Phi_pm-b)

iq2=sqrt(Idm"2-id2"2)

a2=Phi_pm+Ld*id2;

b2=Lqg*iq2;
Mmax2=(3/2)*P*(Phi_pm*iq2+(Ld-Lq)*id2*iq2)

wb = sqrt(Udm”2./((Phi_pm+Ld*id2).~2+(Lq*iq2).”2))

step=wb/10;
wrl=[1:step:wb];
Mrl=wrl./wrl*Mmax2;

step=Idm/10;

iq=[iq2:-step:10];

id=-sqrt(Idm”2-iq.*2);

Mr2 = 3/2*P*(Phi_pm*iq+(Ld-Lq)*id.*iq);
wr2 = sqrt(Udm”2./((Phi_pm-+Ld*id)."2+(Lq*iq)."2));
w=[wrl wr2]/P;

M=[Mrl Mr2];

%, Xuat ra do thi

pos = get(gcf, 'Position');
plot(w,M,'-','LineWidth',2);

%title('1PM Motor Limit');
xlabel('w[rad/s]');

ylabel('Momen[N.m]');

%legend('Momen max');

hold on

grid on
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D. M6 hinh m6 phdéng
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Hinh C.2. M4 hinh mé phong bo diéu khién dong.
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