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Tom tat:

bong ca servo dong bé nam cham vinh clru (PMSM-Permanent Magnet Synchronuos Motor) véi
nhitng vu diém ndi bat Ia hiéu suat rét cao, kich thudc nhd gon, diéu khién chinh xac, dugc sir dung
nhiéu trong cac hé truyén dong yéu cau chinh xac vé vi tri va t6c d0. Bai bao dua ra mo hinh giai
tich ciia PMSM phuc vu cho viéc thiét k&, nhdm dua ra cic thong s6 vé ciu tric hinh dang cc ban
dién tir clia ddng cd. Cac tac gia s& si dung phan mém md phdng Ansys Maxwel dé€ phén tich, danh
gia két qua thiét ké dat dugc tir mo6 hinh giai tich. Tir do bai toan thiét ké t6i tu mot s6 thong so co
ban v8i ham muc tiéu gidm trong lugng (gia thanh) cla dong cc dugc trinh bay. Két qua dat dugc
ddng gop vao linh vuc con rdt mdéi vé nghién clftu ché tao san xuat dong cg servo trong nudc.

T khoa:
DPong cd servo, dong cd dong béd nam cham vinh clru (PMSM), mé hinh giai tich, thiét ké toi uu.
Abstract:

Permanent magnet synchronous servomotors (PMSM) with typical advantages are high performance,
precise control, compact size, used in many drive systems that request pricise speed and position.
The paper presents an analytical sizing model of PMSM in order to provide the geometric structure
design for the servomotor. The AnsysMaxwel simulation software was used to evaluate and analyze
the characteristics of the obtained motor. Then the design optimization problem aiming to minimize
the mass (cost) of the motor is presented. The results of electromagnetic optimal design contribute
to the nouvel field of research and development, design and manufacture of servomotors in the local
market.
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1. MO PAU dai mémen 16n - toc do rong, thoi gian
Pong co servo thuong yéu cau cac thdng  qua do nho, trong lugng nho, diéu khién
s6 ky thuat phirc tap: hoat dong trong mot  chinh xac, thiét ké nho gon. Thiét ké may
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dién noi chung cling nhu dong co servo
noi riéng thuong dua vao mé hinh nguyén
mau 4o [1]. Tuy nhién dé dat duoc cac
yéu cau k¥ thuat mong mudn, thiét ké toi
vu vé hinh dang va kich thuéc 1a cong
viéc kho khan va phtc tap khi lya chon
thong sb téi wu véi cac ham rang budc
[1-3]. Bai toan tdi uu cling gop phan giam
thiéu chi phi san xuit cho cac doanh
nghi¢p [4].

Pong co xoay chiéu loai déng bo va
khong doéng bo duoc s dung ngay cang
nhiéu do c6 nhiéu vu diém hon vé mat do
cdng suat, hiéu suat va do bén so véi dong
co mot chiéu. Hién nay dong co dong bo
nam cham vinh cuu (permanent magnet
synchronous machine-PMSM) duoc st
dung phd bién trong cac cic dong co
chuyén dung, dac biét 1a dong co servo
(so d phan loai theo hinh 1). Céc cong
trinh nghién cau, thiét ké dong co servo
PMSM trong [5-8] cung viéc phan tich
dién tir va cac giai phap thiét ké trong [9]
chua dwa ra mé hinh tong quan trong thiét
ké, dac biét ddi voi bai toan tdi wu.

bong co servo

m

bong co servo
mot chiéu

Pong co servo
xoay chiéu

Pdng co
budc

—

Pong co servo xoay
chi€u dong bo

DBong co servo xoay
chiéu khong dong bo

Hinh 1. Phan loai dong co servo

Uu diém cta dong co servo PMSM (hinh
2) 1a khong co ton that déng & rotor, ting

hiéu suét, nhung kém sy linh hoat trong
diéu khién tir thong so v6i dong co dong
b kich tir ddy quén. Véi nhitng loai nam
cham vinh cttu c6 mat d¢ nang lugng cao
str dung nam cham dét hiém NdFeB, kich
thudc dong co s€ nho hon, momen quan
tinh thip, thuan loi cho nhiéu ng dung
truyén dong servo. Trong vai nim tr& lai
day, gia thanh NdFeB c6 xu hudng giam
dan dén dong co PMSM két hop bién tan
cang ngay cang dugc Ung dung rong rai
cho cac tmg dung can thay d6i van tdc.

Hinh 2. Béng co servo PMSM

Dua vao vi tri nam cham ngudi ta phan
thanh 2 loai: dong co nam cham bé mat
(Surface - SPMSM) va dong co nam
cham chim (Interior - IPMSM). Pong co
IPMSM c¢6 nhitng wu diém so véi
SPMSM nhu: Kha ndng tao ra moémen
l6n hon, cho phép tbc d6 lam viéc cao
hon, diéu chinh tir thong duogc nhiéu hon,
vi vy s& c6 nhiéu uu diém trong diéu
khién. Noi dung nghién ctru ciia bai bao
s€ la loai IPMSM.

Hinh 3. Céac kiéu rotor véi nam cham gan ngoai
(a, b, c) va gan trong (d, e, f, g) cia PMSM
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Vat liu nam cham dét hiém c6 mat do tir
thong 1on, do do6 kich thudc cua rotor
khong cin qua 16n ma van dat duogc tir
thong mong mudn, mat d6 cong suit cia
IPMSM thudng rat cao. Hinh 3 dua ra cac
kiéu rotor st dung trong dong co nam
cham vinh ctru. Pac tinh tir héa ciia nam
cham dit hiém NdFeB - N39UH phu
thudc nhiét do dugc thé hién trong hinh 4.

1.5

200C

p30[C

[ [ J
0 1000 500 Q

HIkA/m]

Hinh 4. Pac tinh tr héa vat liéu nam cham
NdFeB - N39UH

Noi dung cta bai bao trong phan 2 s& dua
ra md hinh giai tich ctia IPMSM v6i tng
dung thiét ké cu thé va mo phong két qua
dic tinh yéu cau cua dong co servo. Phan
3 4p dung thuat toan ti wru voi ham muc
tiéu giam thiéu trong lwgng ctia nam cham
vinh ctru. Cac két qua duoc dua ra ban
luan trong phan 4.

2. MO HiNH GIAI TiCH

2.1. Xac dinh cac kich thwéc co ban

Yéu cau dic tinh dong co servo 3 pha can
thiét ké: moémen xoan 14 N.m, cong suit
2,2 kW, hiéu suat 87 %, dién ap dién mirc
t6i da 380 Vrms, toc do t6i da 4000
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vong/phtit, toc d0 dinh mbc 1500
vong/phut tai tan s6 50 Hz, lam mat tu
nhién.

Mo hinh giai tich tinh toan kich thudc
mach tr dong co IPMSM dugc tom tat
dudi day:

Duong kinh ngoai (cm) 161 thép stator:

Fs
D, =149 ——

:[Bs.A. A

Trong d6 : P, 1a cong suat biéu kién (VA).

(cm) )

_ Pam
PS - n.Coso (2)

P4 12 cOng suat co dinh muire va 1 1a hi¢u
suat dong co.

A=t @3)

1a ty s6 giita chiéu dai 18i thép voi budc
cuc.

A=0,45-1,0 khi 2p=2

A=0,8-1,4 khi 2p=4

A: tai duong cua stator (A/cm),

A =105-150 Alcm khi 2p =2

A =120-200 Alcm khi 2p =4

Bs: mat do tir thong khe ho khong khi (T),
Bs =0,5-0,6 (T).

Puong kinh trong 15i thép stator:

D = kpDy 4)
kp: Hé s6 két cau

kp =0,485-0,615 khi 2p = 2

kp = 0,495-0,655 khi 2p = 4
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Budc cuc:

_ n.D

p 14 s6 cap cuc

Chiéu dai 151 thép:

=2t (6)
Khe h¢ khong khi (mm):

D
6=02+ 700 (mm) (7

S6 ranh cua stator:
Zs=2.m.p.q (8)
Véim 1a sé pha; q la sé ranh cho mot pha
dudi mot cuec tir.
S6 vong day mdi pha:
Ugm-ke. 108
Wy = —amte 9)
4k f- D kgq
Trong d6: kg 1a hé sb song, k, = 1,07 = 1,1

_ Uam

k, = =2
¢ Edm

(10)
vo1 Ugm, Eqm: dién 4p dinh mirc va suc
dién dong, k, = 0,7 + 1,05
Tur thong khe hé khong khi:

Voi 5. hé sb cung cuc tu tinh toan,
xs= 0,5+ 0,73
S6 thanh dén trong mot ranh:

_ws.a

Us =
7.7 (12)

a 1a s6 mach nhanh song song

Tiét dién day quén:

_ Idm
a.J.n"

N

(13)
Trong do: I4,, 1a dong dién dinh muc; J la
mat do dong dién, J = 5-8 (A/mm?); n"’ 1a
s6 soi chap.

Duong kinh ngoai rotor:
D,=D—-2x6 (14)
Chiéu cao nam cham duoc xéc dinh [10]:

B,6

- (15)

Trong dé: B, la mat do tir thong khe ho
khéng khi, B, la mat d6 tir du nam cham
vinh curu.

Hoic co6 thé xac dinh theo [11], thé tich
nam cham la:

Pam
f.By.H¢

H, 1a lyc khang tir (A/m);

f 14 tan sb dong dién stator;

Vin = ¢y

(16)

¢, 1a hé s6 thé tich nam cham

_ 2.koer kpq- (143)
&= w2, &

17)
kocr 1a hé sd qua tai cia dong co;

&: hé sb tan dung hoa;

ksq: hé s6 hinh déng tir héa doc truc.
3=0,6+0,95

Chiéu cao nam cham:

Vin

h, =
™ 4wy, 1,

(18)

Két qua cac thong s6 dién ty dinh dang
dong co servo theo yéu cau, ap dung mo
hinh giai tich dugc trinh bay trong bang 1.
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Bang 1. Kich thwéc co ban
cua dong co’ IPMSM

Tén thong sb Giatri | Ponvi
Puong kinh ngoai stator 200 mm
Puong kinh trong stator 131 mm
Khe ho khong khi 0,5 mm
Chiéu dai mach tir stator 100 mm
S6 ranh stator 48 -
Chiéu cao rinh stator 14,7 mm
Khoang céch ranh stator 5 mm
Do rong miéng ranh stator 2,2 mm
Chiéu cao chan rinh 1 mm
S6 vong day 192 -
S6 soi chap 4 -
Puong kinh day 0,75 mm
Puong kinh ngoai rotor 130 mm
Puong kinh trong rotor 50 mm
Chiéu rong nam cham 60 mm
Chiéu cao nam cham 4.6 mm

2.2. Két qua moé phéng dac tinh
St dung phin mém Ansys Maxwell dé
mo phéng dong co servo PMSM véi kich

thude trong bang 1 dugc thé hién trong
hinh 5.

(o m—

O

N —

Hinh 5. M6 hinh déng co’ IPMSM dat dwerc,
chieu dai mach ttr 100 mm

Hinh 6 biéu dién dic tinh cong suat theo
goc quay momen tai diém hoat dong dinh
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muc 1500 vong/phat. Pong co dat cong
suit 2,2 kW tuong tng voi goc quay 25°.
Cong suét t6i da dong co c6 thé san sinh
ra la 10,6 kW. Tuy nhién diém hoat dong
nay khong thoa man diéu kién lam mat tu
nhién cua dong co. Noi mot cach khac
thoi gian khi cong suét hoat dong 16n hon

~qe e
2,2 kW s€ bi gidi han.
s
1200000 { Coneinio
] — Output Power
10000.00
£000.00
5 B000.00
H
&
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7500 10000
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/25 0000 780000
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Hinh 6. Pac tinh quan hé cong suat
va géc mdmen quay

A
10000 —

= ] T Gurve Info

S 1.7 B . — Effiency

= 1
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\
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000} . . , , ! ,
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25,0000

Hinh 7. Pwéng cong méi quan hé
gitra hiéu suat déng co’ va g6¢c momen

Pic tinh hiéu suit cua dong co tai 1500
vong/phut duoc biéu dién tai hinh 7. Tai
thoi diém goc quay 25° tuwong Gng voi
cong suét 2,2 kW, dong co dat dugc hiéu
sudt 90,6 % thoa man vé6i yéu cau thiét ké.
Mait khéac, véi gbc quay trong khoang
15,6° + 90° thi dong co dat hiéu suat hoat
dong trén 87 %.
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Hinh 8. Bac tinh mémen van téc
cho dai cdng suat 2,2 kW

Hinh 8 biéu dién dic tinh mémen (cong
suat) theo toc do. Pong co thiét ké dap
mg ding yéu cau dong co servo vé dai
hoat dong mémen 14 N.m va cong suét
2,2 kW dén trén 4000 vong/phiit.

3. THIET KE TOI 'U DPONG CO IPMSM

Gia thanh cta dong co phu thudc vao
nhiéu thanh phan, trong d6 gia thanh cia
nam cham dit hiém NdFeB trong dong co
PMSM chiém ty trong cao. Vi vdy can tbi
uu hoéa kich thuéc nam cham NdFeB-
N39UH vé6i muc tiéu gidm gia thanh
nhung van dam bao dic tinh cong suét va
hiéu sut yéu cau.

Trong trudng hop ndy, bai toan toi uu
dong co dugc miéu ta nhu sau: Ham
muc tiéu 1a khdéi lugng nam chiam
M(|N39UH,WN39UH1hN39UH) vOl1 cac blél’l lién
tuc can t8i uu Iysoun 12 chiéu dai nam
cham, Wysoun 13 chiéu rong nam cham,
hnsgun 1a chiéu cao nam cham; cong suét
va hiéu suit 1a cac rang budc. Vung gia tri
ctia cac bién nay duoc dua trong PT(19).

Thuit toan tdi uwu SQP (Sequential
Nonlinear Programming) [12] duogc su
dung dé giai bai toan thiét ké t6i uu véi

céc bién lién tuc. Thuét toan nay can biét
gi4 trj ciia diém bét ddu dé thuat toan tinh
toan. Cac gia tri nay chinh 1a két qua cua
thiét ké phan trudc.

min M(Inzeun,Wnzoun,hnzeun) (KQ)

Inzoun € [60 120] (mm)
Wn3ouH € [40  80] (mm)

hnsoun € [ 4 7] (mm) (19)

rang budc
Peo = 2,2 KW
effs. >87,0 %

Két qua hdi tu sau 29 1an tinh toan tdi vu
héa ctia ham muc tiéu va céc bién thiét ké
dugc thé hién trong hinh 9. Kich thudc
nam cham duoc tdi wu di thay d6i so voi
kich thuéc ban dau. Chiéu dai mach tir
stator/rotor giam tir 100 mm vé 63 mm.

140 —@=|_N239UH | 1.2
Elzo | w_N39UH -
= =t=h_N39UH
% 100
=3 - 0.8
1]
=
<= 80 _
& - 0.6 _an
=) 60 =
z L 04 2
= 40 -
&
- 0.2
g 20 +
5
0 L B s B B B 0
1 3 5 7 911131517192123252729

Hinh 9. Két qua hdi tu cia ham muc tiéu
va bién thiét ké

Hinh 10 cho két qua hoi ty thé hién hiéu
suat (eff), dong dién pha (I) va tong khdi
luong phan dién tr gdbm mach tir, day
quan va nam cham cia dong co servo
(Total Mass). Hiéu suit va Total Mass cua

56

S6 16



TAP CHi KHOA HOC VA CONG NGHE NANG LUQONG - TRUGNG DAI HOC BIEN LUC

dong co twong tmg voi két qua tbi wu tai
vong lap thir 29 dat 90,1% va 15,2 kg.

30 - =—de—Total Mass| 95
—
25 + —t—ff
‘o
= 20 - 90
4 —_
S
= 15 A &
£ g
S 10 A L 85
=
— 5 7
0 Trrrrr——————————r————— 30
135 7 911131517192123252729

Hinh 10. Hiéu suat, dong dién stator,
téng khdi lwong phan dién tir

O]

T

Hinh 11. Két qua thiét ké t6i wu dong co’
IPMSM, vé&i chiéu dai mach tir 63 mm

Hinh 11 thé hién thay d6i kich thudc nam
cham dong co sau khi thiét ké tdi wu so
v6i trude khi t6i wu (hinh 5). Két qua da
giam dugc 62,6% khdi luong nam cham
va 34,4% tong khdi luong dién tir so voi
thiét ké ban dau, tuy nhién van giir
nguyén hiéu suat théa man yéu cau bai
toan thiét ké dat ra ban dau.
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4. KET LUAN

Bai bao néu ra cac budc thiét ké phan
dién tir dong co servo dong bd nam chdm
vinh ciru gan trong rotor IPMSM. Két qua
dat dugc dya trén mé phong ANSys
Maxwell 1a phu hop v6i yéu cau dit ra
cho dong co servo 2,2 kW.

Két qua thiét ké t6i wu mach tir nam cham
NdFeB dé giam gia thanh cta dong co,
giam quéan tinh rotor do giam khdi luong
gitip ting thoi gian dap tmg ma van dam
bao hiéu suat ciing nhu cong suat dong co.
Két qua cta bai bao sé& 1a tién dé cho viéc
tién tdi tinh todn nhiét, t6i wu toan bd kich
thudc va dai hoat dong cua dong co,
nghién cuu tinh toan cong nghé khac
PMSM, két hop san xuat va thir nghiém
mau thir, hd tro doanh nghiép trong nudc
thwong mai san pham mai ¢6 linh vuc ap
dung rong rai.

LO'I CAM ON

Cam on Trung tim Phat trién va Ung dung
phin mém cho nganh cdng nghiép (DASI)
cua Truong Pai hoc Bach khoa Ha Noi da
cung cip phan mém Ansys Maxwell.

Nghién ctru nay dugc tai trg boi Truong Dai
hoc Bach khoa Ha No6i (HUST), dé tai T2017-
TT-003.
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