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THIET KE DPIEU KHIEN PONG CO PONG BQ TU THONG DQC TRUC KiCH
TU NAM CHAM VINH CUU LAM VIEC VOI TOC PQ TREN PINH MUC

Dwong Quéc Tuén’, Nguyén Nhw Hién, Trin Xuin Minh

TOM TAT

Truong Pai hoc Ky thudt Cong nghiép — PH Thadi Nguyén

bong co df)ng bo tir thong doc tryc, kich tir nam chdm vinh ciru (BC AFPM) khi sir dung cac 6 do
tir thay thé cac vong bi co khi ¢ hai dau truc, c6 thé cho phép dong co lam viée voi toc do quay cua
truc 16n hon tdc @6 dinh muc rat nhidu. Trong thyc te ¢6 rat nhidu Gng dung yéu cau tdc do rat cao,
tuy nhién chua c6 nhiéu cong trinh nghién ctru vé van dé nay. Mot trong cac bién phap dé tang tbe
d6 dong co 1én trén toc do dinh murc 1a giam tir thong cuc cua rotor ( ‘Pp) Bai bao nay dé xudt mot
giai phap nham tang toc d6 cia ddng co AFPM 1én trén tdc do dinh muc bang cach bom vao truc d
mdt dong dién iy ngugc chiéu vai tir thong cuc ¥, trong khi vin dam bao t6i wu vé md men cua
dong co. Két qua mod phong chung t6 tinh dang dan clia giai phap da dé xuat.

Tiwr khéa: f),ong co dong bo tir thong doc truc kich tir nam cham vinh ciu; AFPM; diéu khién téi

wu, trén toc dé co ban; giam tir thong

Chir viét tit
AFPM axial flux permanent magnet

NCVC Nam cham vinh ciru
bC Pong co

CAU TRUC BONG CO

Ciu tao

Vé mit céu tao, PC AFPM c6 nhing nét dic
biét riéng, cu thé modul stator c6 thé bao gdm
cac loai: Modul don chi ¢6 mot b day quin
va modul kép c6 hai b ddy quin chung mot
161 va quay lung vao nhau. Rotor ciing tuong
tu, modul rotor don chi mdt mat c6 nam cham
vinh ctru va modul kép thi ca hai mat déu co
nam cham vinh ctru tya lung vao nhau.

O day chon dbi twong nghién ctru 1a loai co
hai modul stator don bén ngoai va mot modul
rotor kép bén trong nhu trén Hinh 1.
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Hinh 1. Mdt cdt DC AFPM c6 tich hop o do tir
hai dau truc (1: Truc; 2, 3: Stator va ddy qudn cia
DC phia phdi va phia trai; 4: Rotor nam cham
vinh ciru; 5,6: Rotor é do tir bén trdi va bén phdi;
7,8: Stator va ddy qudn cia 6 do tir bén trdi va
bén phai; zy, 9o Khe ho danh dinh giita rotor va
stator ciia DC va 6 tik)

* Tel: 0912 269147, Email: duongquoctuan-tdh@tnut.edu.vn

Nguyén ly lam viéc
Khi dién 4p ba pha dugc cip cho cac cudn
day stator, sinh ra cac dong dién (trong d6 c6
thanh phan iq) chay trong no, s¢ tuong tac voi
tir truong cua rotor dé tao ra cac md men quay
(M) va dong dién trong cac diy quin pha
(thanh phén ig) cta stator sinh ra cac lyc day
kéo (F) dua trén nguyén 1y ctia nam cham
dién. Nho 6 clu tao dic biét va nguyén ly
lam viéc nhu trén ma rotor cua DPC s€ khong
co dich chuyén doc truc mic du hai dau truc
DC 1a hai 6 d& tir. Didu do, cho phép khong
can dung thém thiét bi chin chuyén dong doc
tryc cua rotor va vi vay cAu trac PC tré nén
nho gon hon. Do cach cuén diy ma tir truong
quay sinh ra mdmen quay M; va M, trén truc
rotor cung chiéu va tao ra luc déy kéo F; va
F, giita rotor va stator nguoc chiéu. M6 men
quay tong (M = M; + M) 1a tong clia cac mo
men quay Va lyc day kéo doc truc (F = F; —
F,) 1a hiéu s6 cua hai luc hat.
Tir céu tao va nguyén 1y lam viéc co thé coi
day 1a hai PC AFPM chung rotor hay hai BC
ndi clng truc v6i nhau.
MO HINH TOAN HQC CUA BC AFPM
Dua vao céc tai li€u [1], [2], [3], mo hinh toan
cua BC AFPM dugc xay dung trong hé toa do
dq duogc thé hién nhu (1), (2), (3), (4), (5).
Trong d6, chi s6 1 twong Gmg voi BC bén trai
va chi s6 hai twong tmg véi DC bén phai.
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Hinh 2. So d6 céu tric ciia PC AFPM

VECTOR KHONG GIAN DIEN AP, DONG
PIEN VA TU THONG CUA BC AFPM
TRONG HAI VUNG LAM VIEC

D6 thi vector khong gian dién ap, dong dién
va tu thong cia BDPC AFPM trong hai vung
lam viéc nhu trén Hinh 2 [1, 5, 7]. Ti (2) va
3) thay ring, momen quay cua bC AFPM
bao gdom hai thanh phan thanh phan chinh
voi tich ypisq va thanh phan phan khang do sy
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chénh 1éch dién cam stator (Lsg - Lsg) # 0) gy
ra. Trong moi ché d6 van hanh, PC AFPM
phai san sinh mot thanh phan momen phu dé
b thanh phan phan khang. Thanh phan phan
khang ton tai mot cach 16 rang nhung thuong
bi bo qua khong tinh dén trong cac phuong &n
diéu khién kinh dién. Viéc bo qua d6 giup lam
don gian hoa hé théng diéu chinh va trén thyc
té co thé chép nhan dugc trong dai tdc dd
quay dudi dinh mtrc, boi trong dai do luon co
iss = 0 (Hinh 3a). Newoc lgi, ¢ dai tbc do
quay trén dinh muc, dé ting toc do 1én ta phai
giam tur thong, Iuc d6 phai bom mot dong dm
vao truc d. BPC AFPM ltc nay dugc van hanh
& ché @6 giam tir thong va dong s& c6 bién do
16n ting ti 1& thuan voi téc d6 quay rotor
(Hinh 3b). Piéu d6 din dén thanh phan
momen phan khang cé khd nang dat duoc
bién d6 dang ké khong thé bo qua.

Khi diéu téc cao hon tan sd co ban, tan sd co
thé tang 16n hon f,4,, nhung dién ap U, khong
thé tang qua dién ap dinh mtc U, t6i da la
chi gitt dugc U; = Ug,. Tur cong thic tinh

suc dién dong cta BC co thé thﬁy, diéu do sé
lam cho tir thong s& giam xudng theo ty 18
nghich véi tan sb, tuong duong véi truong
hop PC mot chiéu diéu chinh giam tir thong
dé tang toc.

JRslsa - ]Xslsq .
oS nJR<=1

. . b S
Hinh 3. Vector khong gian dién dp, dong dién va
tir thong cia DC AFPM trong hai ving lam viéc:

a) Dudi toc do dinh mirc; b) Trén toc do dinh miurc.

Khac voi BC dong bd NCVC gin chim bén

trong rotor va BC dong bd tir tré, DC AFPM

& vung toc do dinh mirc tré xudng ludn duy

tri dong isy = 0. Vi vay ta chi xét viing trén toc

do dinh muec.

TINH CAC GIA TRI TOI HAN VE DIEN

AP VA DONG DIEN
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Trudge khi gidi thiéu cac chién luoc diéu khién
khéc nhau, chung ta can xét dén cac gidi han
cua dong dién va dién ap [4, 5]. Gidi han cta
véc to dong dién:

: - .

i = Ji7 +i° <ig, ©6)
Puodng gidi han dong dién (6) 1a vong tron co
ban kinh ig, trong mat phang (i, isq).

Gioi han cua véc to dién ap: Tu cong thuc
dién ap 6 che do xac lap khi bo qua dién tré
stator: uy, =-a,Liy; U, = alyiy +ay,

Gia tri dién ap pha co ban cuc dai cua stator
duoc xac dinh boi dién ap mét chiéu trung gian:

|us|=,/ufd +u? <ug, )

Trong d6: usm 1a gia tri dién ap mot chiéu 16n
nhat dat vao bd nghich luu.
us2 =U52d +U52d =(a)s|‘sqisq )2 +( C()S Lsd isd +a)sV/p )2 (8)

_(qu sq) +(Lsdisd +l//p )2

wawr\:

(9)
Cong thuc (9) 1a quy tich gidi han dién ap la
duodng elip trong mit phang i - isg. Trén hinh
Hinh 4 minh hoa cac dac tinh gigi han dugc
xac dinh theo (6) va (9).

Nhu vay, khi ting tbc o DC 1én trén toc do
dinh mirc thi ciing voi sy ting tan sd, tir thong
theo truc d ctia DC s& giam, nhung néu duy tri
@ ~ 60° ta s& c6 gia tri md men 1a 10n nhat.

Isq

Gidi han dién dp

Gidi han dong

lsd

Hinh 4. Minh hoa cdc dai lwong gidi han va diém
lam viéc t6i wu mé men ciia PC AFPM & trén toc
do dinh mike
Tur cong thic tinh dién ap nhu (7) va (8), khi
xét & ché do xac 1ap va bo qua dién trd stator
ta tinh dugc isg, Isq, g01 ¢ la goc léch pha gilra
vector dién ap stator Us va tryc q, tat ca thay

vao cong thirc tinh md men (2),(3),(4) ta co:

m,, :ki{z)—sjcosw—kz[;—sJ sin2¢ (10

3z

=7

M)

Hinh 5 M6 men DC AFPM vOi dzen dap mot chzeu
I6n nhdt U =400V tan s6 dwong thap nhat la
100Hz, 90HZ, 70Hz va 50Hz, cuc tri o ¢ = 60°.
Thay thong s cia PC AFPM vao (10), ta co
déc tinh mé men nhu trén hinh Hinh 5. Nhu
Vay, khi tang tbc d6 BC 1€n trén toc do dinh
mirc thi ciing véi sy ting tan sb, tir thong theo
truc d cia PC s& giam, nhung néu duy tri ¢ =

60° ta s& co gi4 tri md men 1a 16n nhat.

THIET KE DIEU KHIEN BC AFPM

Ciu tric diéu khién tong quat

V& mit cu tric thi loai PC AFPM khac hin
voi cac DC dién thong dung hién nay, trong
céu trac diéu khlen s€ bao gom hai vong riéng
biét 1a vong diéu khién Vi tri rotor doc truc
(luc day kéo) va vong diéu khlen toc do quay
(m6 men quay) cho BC Céu tric diéu khién
tong quat cho PC AFPM dugc minh hoa nhu
trén hinh Hinh 6 [1,3].

Piéu khién Vector cia PC dong bo tir thong
doc truc NCVC (AFPM) dugc dua trén su
khai trién dong dién tuc thoi cua stator thanh
hai thanh phan: Tao luc diy kéo doc truc boi
dong igq (dong dién huong truc) va tao moémen
quay dugc boi dong ig. Bing cach nay, cu
trac didu khién cia AFPM tré nén tuong tu
nhu cia BC DC.

Hinh 6. Cdu triic diéu khién vecto ciia PC dong
bé tir thong doc truc NCVC
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Su dich chuyén ctia rotor doc truc tir diém can
bang doc theo truc z, z c6 thé duge phat hién
bdi cac cam bién khoang cach. Vi tri truc phat
hién dugc so sanh véi vi tri truc diéu khién z*
va su chénh 1éch 13 dau vao cho bd diéu khién
vi tri truc R, Céc vi tri didu khién z* luén
ludn dugc thiét lap dé dam bao rotor 1a trung
diém giira hai stator. Pau ra ctia bd diéu khién
vi tri truc dugc st dung dé tinh toan dong
dién qui chiéu i*;. Dong dién qui chiéu truc d
cho hai cudn diy stator i*y VA i*sp co thé
dugc tao ra bang cach s dung dong bu ig
nhu sau: i*dl = idO + i*d; i*d2 = idO - i*d. Gia tri
ctia dong bu c6 thé 13 s6 khong hodc mot gia
tri nho xung quanh khéng.

Tbe do rotor duge tao ra tir bd mi hoa duge
so sanh voi tbe dd chuén va sy chénh léch 1a
dau vao b diéu khién toc do R,. Dau ra cua
bo diéu khién toc d6 duoc st dung dé tinh
toan dong dién tham chiéu truc q la i*,. Dong
dién tham chiéu truc q cho hai cudn day stator
i*q1 VA i*y sau d6 duoc tinh toan giéng nhu
dbng ig.

Thiét ké diéu khién cho PC AFPM sé& tién
hanh theo cac mach vong sau day.

Piéu khién dong dién

Hau hét cac truyen dong DC xoay chiéu hién
dai déu c6 cdu trac diéu khién c6 mach vong
diéu khién dong dién bén trong. Do vay, dac
tinh cua hé truyén dong phu thudc rt nhiéu
vao chit lugng cia chién luoc diéu khién
dong dién [1, 3, 4, 5].

Nhiém vu chinh cia mach vong diéu khién
dong dién 1a nham budc dong dién trong BC
ba pha bam theo cac tin hiéu dat. Bang cach
so sanh cac dong dién thuc do dugc voi cac
dong dién dat, mach vong diéu khién dong
dién tao ra cac trang thai chuyén mach cho
bién tdn nhdm lam giam sai l1éch dong dién.
Do d6, n6i chung mach vong diéu khién dong
dién thuc hién hai nhiém vu: bu sai léch
(giam sai léch dong dién) va diéu ché (quyét
dinh trang thai chuyén mach).

Mach vong dong dién cuia DPC AFPM nhu
trén Hinh 2, tir day ta c6 cac cong thirc:
i, = (u, + i,w,-L, W,

i, = (usq — isd.ws.Lsd)qu (11)
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Nhin vao (11), (12), (13) thé hién su tac dong
xen kénh 0 rét. bé dat dugc chat luong mong
rnuon nhu ham truyén hé kin cta tiéu chuan
t6i wu modul

W (s) = !

1+2Ts+2,T°s°

(14)
Tru6ce hét phai tién hanh tach kénh.

Cac bd di€u chinh tach kénh duoc xac dinh
nhu sau:

Wols) =W, ()T~ W, ()] 'W(s) 15

Khi chon T, = Ty =2T; = 0,002 s& c6 T,> << 1
¢ thé bo qua. Khi d6 co thé xa dinh dugc
ham s truyén cac khau hiéu chinh tach kénh
cho mach vong dong dién la:

—o L

\(I(]+7) —
S s

W.(s)=
! 4TK,K; oLy, qu(1+i)

s T s

:[R// Ru}

Ry R, (16)
Khi nghién ctru md phong, cac bd bo didu
chinh tach kénh nay sé dugc ghép ndi vao
mach dong dién cua DC trén Hinh 2.

Piéu khién dich chuyén doc truc

Pé don gian, gia thiét rrfmg’ chuyén dong
hudng tam cua rotor dugc khong ché boi hai
0 d6 huong tam 1y tuong. Vi vy, chuyén
dong doc truc la doc 7lép vGi clluyén dong
huéng tdm va coé thé biéu dien nhu sau
[1,2,34]: F-F =mZ a7
Trong d6 m la khdi luong cua cic phin
chuyén dong va F 1a luc doc truc.

Sau d6 thay (1),(2),(3),(4),(5) vao (17) ta co:
mZ+F =K (i, —ig) +K (i, —i4)z—K,2Z (18)
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'k2=2 Hy

Trong dok, = SV
pS0

Dé dang thdy ring hé¢ thong nay khong on
dinh. Dé 6n dinh hoa hé thong, mot bo dicu
khién vé6i thanh phan vi phan dugc sir dung.
Mach vong diéu khién khoang cach truc dugc
biéu dién ¢ hinh Hinh 7.

Hinh 7. Mach vong diéu khién khoang cdch truc
Mach vong diéu khién khoang cach truc bao
gom ham truyén kin cua mach vong dong
dién bén trong va ham chuyén dong truc. Vi
tai cia truc thuong 13 khong biét nén né dugc
xtr Iy & budc thir nhat nhu 1a mot nhiu bén
ngoai hé théng.

Dé triét tiéu sai 1éch tinh, ta st dung bo diéu
khién PID. Ham truyén cua bo diéu khién PID
dugc biéu dién nhu sau:
K
G, (s) =K, +—L+Kgs (19)
s

H¢ thong s€ on dinh khi cac tham s6 bo diéu
khién thoa man:

< Ko (KK, +K;)
I

K, >0
K, >0

(20)
Piéu khién téc dd
bdi véi tht ca cac loai DC, sai léch gilra mo
men dién tr M va mé men tdi M, gay ra gia
toc cua rotor theo dac tinh co hoc cla cac
truyén dong DC. Phuong trinh chuyén dong
quay co thé dugc viét nhu sau [1,3,4,5]:
do o) 1

=J— hodic ———=— 21
Sodt T M-M, s 1)
M6 men co thé dqiéu lghién dugc bang dong
dién tryc g nhu biéu dien ¢ phuong trinh (1) -
(5); vi vay, mach vong diéu khién toc do dugc
biéu dién ¢ hinh Hinh 8.

M-M

Hinh 8. Mach vong diéu khién toc dé

Tuong ty nhu mach Vong dleu khlen chuyen
dich doc truc, mach Vong dleu khlen toc do
cling bao gdm mach vong, didu khlen dong
dién bén trong va ham truyén BC ¢b dinh. Vi
tai chua xac dinh nén & budc thu nhat no
duoc coi nhu 1a mot nhleu ngoai hé théng.
Anh huéng cua do lucmg téc do thuong dugc
két hop voi hing s0 thoi gian tuong duong
cua mach Vong dleu khién dong dién. Ham
truyén kin cta hé thong nhu sau:
R.W, KR

WK(S): w” 0 — : ®
1+RW, s(Ts+1)+KR, (22)

Mach vong toc d6 1a khau tich phan quan tinh
nén ta sir dung tiéu chuan téi wu @i xtmg véi
ham s truyén chuan:
Wc(s): l+4}§ 33
1+4T,s+8T.s" +8T;’s (23)
Can bang (22) va (23) ta co:
KR, ~ 1+4T.s
S(T.s+1)+KR, 1+4T,s+8T7s? +8T°s°
Chon: 27"’s = T, giai phuong trinh trén ta dugc:
C144Ts 1 1
© K8T’s KB8T?’s i 2KT, (24)

DANH GIA CHAT LUONG BANG MO PHONG
S6 liéu ciia PC va thong s6 mé phéng
Rs=2,3Q; Lyg=9,6.10°H; Lyy = 8,2.10° H;
Te = 4,2.10°%; Ty = 3,56.10°; ¥,=0,0126 Whb;
Z,=1; 9o = 1,7.10° m; mor = 0,235 kg;

J, = 0,0000082 kgm?; po = 47.107 H/m;
Kn=5;K;i=1; T;=0,001; K, =0,00417;
To=01; Teo =Ty + 2Ti; 2T = Ty,

So d6 md phong DC AFPM
R I R
Lo nEl

Hinh 8. So' @6 mé phong
93
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Két qua md phong
+ Trudng hop toc do dit dinh mic n =
3000v/ph; m=0,08 Nm, z =0.
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Hinh 9. Bé thi téc dé dinh mirc
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Hinh 10. Dong dién isq va ig
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Hinh 11. M6 men BC

+ Trudng hop tdc do trén dinh mic n = 4000
v/ph; m = 0,08 Nm; z # 0.
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Hinh 12. Pé thi téc dé trén dinh mirc
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Hinh 13. M6 men BC
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Hinh 15. Dong dién isq Va ig

KET LUAN

St dung PC dong b tir thong doc truc kich
tr nam cham vinh ctru ¢6 cdu trac dic biét va
sit dung 6 d& tir hai dau truc nhu trén hinh
H.1, da tao nén hai mach vong diéu khién téc
do va chuyén dich doc truc cua rotor (¢ day
da coi cac & d tir hai dAu truc ludn ludn lam
dung chic ning danh dinh cia no). Bing
phuong phap diéu khién tya theo tir thong
rotor (T*R), budc dau da dat duoc mot s6 van
dé sau:

- Diéu chinh téc 46 DC véi téc do trén dinh
mirc bang giam tir thong nhd bom viao mot
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dong iy nguoe chiéu voi tir thong cuc y, trong
pham vi ddm bao mo6 men lam viéc cho DC;

- Ludn ludn gilt cho rotot ¢ vi tri trung voi
tdm cta DC nho vao mach vong dicu khién
chuyén dich doc truc;

- Céc vén dé can tiép tuc nghién ctru 1a nang
cao chét lugng diéu khién cho PC va dam bao
md men t6i wu khi gidm tir thong.

- Tién hanh thi nghiém trén DC AFPM.
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CONTROL DESIGN FOR AXIAL FLUX PERMANENT MAGNET
SYNCHRONOUS MOTOR WHICH OPERATES

ABOVE THE NOMINAL SPEED

Duong Quoc Tuan”, Nguyen Nhu Hien, Tran Xuan Minh

Thai Nguyen University of Technology

When two mechanic bearings of the axial flux permanent magnet (AFPM) synchronous motor are
replaced by magnetic bearings, the motor can operate at much higher speed above base speed.
There are a lot of industrial applications which require very high speed, however, there are not
many researches refer to this issue. One of the way to speed up the motor to the speed above its
rated speed is flux weakening of the rotor flux (%#). This paper proposes a solution to increase the
motor speed to above base speed by applying a current iyy opposite in direction with the flux ¥,
while maintaining an optimal motor torque. The simulation results prove the correctness of the

proposed solution.

Keywords: AFPM, axial flux permanent magnet synchronous motor, optimal control, above

nominal speed, flux weakening
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