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TOM TAT

Ngay nay, v6i nhiéu phat minh khoa hoc vé linh vic ky thuat thi ngay cang c6
nhiéu cong cu hon dé€ ¢ thé khao sat cac loai dong co hon. Mot trong s6 cac tinh
ndng cta cong cu nghién ctru cac déng co d6 1a c6 thé xay dung duwoc md hinh mo
phong dong co nham ting tinh triec quan ctia hé thdng cling nhu rat ngén thoi
gian nghién ctru, thoi gian ché tao thit, giam chi phi trong thiét ké va nghién ctu.
Qua qué trinh mé hinh hdéa va m6 phong c6 thé luwa chon lai két cdu méi phu hop
hon cho nguoi st dung va qua trinh cong tac cia dong co. Trong dé tai nay tac gia
tap trung nghién ctru tng dung phan mém Maxwell trong viéc thiét k& dong co
khong dong bd ba pha dé t6i wu hda két cau, tinh nang lam viéc cho hiéu suat st

dung cao hon, giam thiéu thoi gian ché tao thu.

Tt khoa: Dong co, phan mém Maxwell, mdé phong

1. MO PAU

Hién nay trén thé gidi c6 rat nhiéu phan mém lién quan dén dong co noi chung
va qua trinh dién tr truong hay nhiét dong hoc ndi riéng trong dong co nhu cac phan
mém da phuong KIVA, phan mém nhiét dong hoc qua trinh cong tac PROMO, dac biét
phan mém Maxwell m6 phong truong dién tir hang dau cho cac ky su thiét ké trén 3-D
va 2-D gom dong co, co cau truyén ddong, may bién ap, cam bién va cudn day.

Ansys Maxwell st dung phuong phap chinh xac phan tt httu han FEM d€ giai
cac phuong trinh vi tich phan cua hé phuong trinh Maxwell viét cho truong dién tir.
Twr d6, biét duwoc phan bo treong dién tir trong may dién, tinh toan duoc cac tham sd
ctia may dién [4]

Khac vdi phuong phap thiét ké truyén thdng, st dung cac cong thirc giai tich,
hé sd kinh nghiém, bang tinh ... khi ttng dung FEM, can phai xay dung mo hinh hinh
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hoc cho may dién, khai bao thong s vat liéu, dat ra cac gia thié€t vé diéu kién bién, va
st dung may tinh s dé giai cac bai toan véi khoi luong tinh toan 16n [4].

2. SUC PIEN PONG MAY PIEN KHONG PONG BO

Dé mdy dién lam viéc dugc tot, yéu cau stec dién dong xoay chiéu phai bién doi
hinh sin theo thoi gian, con stic dién dong 1 chiéu phai co tri s6 khong doi [2].

Thuee t€'1a khong thé vi do cdu tao may nén tlt truong cuee tit va ctua day quan
déu khac sin. Ta phan tich chung thanh séng co ban (bac 1) va séng bac cao v (bac
3,5,...), phan tit cam B thanh cdc song sin By, Bs, Bs, By,... vdi tit treong B ¢d bwede cuc t
con B, c6 budce cuc 1, = 1/V.

Khi roto chuyén ddng, tir truong Bi, Bs, Bs,... cam tng trong day quén stc dién
dong e, €3, e5,... do tan s6 f khdac nhau nén stic dién dong tong trong day quan sé cd
dang khong sin.

Nguyén nhan lam cho sttc dién dong cam ting khong sin la tit cAm B khong sin.
Sau day 1a cac bién phap d€ lam cho stic dién dong cam ting c6 dang sin.

2.1. Tao d0 cong mat cuc:

Vi § la khe ho nho nhét gitra mat cyc. § tang dan vé 2 phia mom cuyec tit, d€ B
hinh sin thi 8x cach gifta mat cuc bang; Oy ~ m

Vi b 1a bé rong mit cuc; b = (0,65+0,76)t va dmax = (1,5+2,5)8
2.2. Rat ngan buéc diy quan:

Khi y = 1 thi tdt ca cac stc dién dong bac cao déu ton tai vi:
k., =sin(vpr/2)=+1

Khi y <t thi sttc dién dong bac cao tuy y sé€ bj triét tiéu, nhu: B=ylt=4/5 vay
rat ngan day quéan t/5 va Kus =sin 5;; =0=E; =0, Tuong tw, E7 = 0 thi rat ngan
/7

Budc ngan khong dong thoi triét tiéu tat ca stic dién dong bac cao vi vay phai
chon buéc ngan thich hop; Rat ngan budc day stic dién dong bac 1 cling giam di 1 it
nhung khong dang keé.

2.3. Thuc hién day quan rai:
Khi g=1thi kr, =% 1nghia la cac sttc dién dong bac cao khong giam.

Khi q > 1 thi cac stc dién dong bac cao déu giam nho.

108



TAP CHI KHOA HOC VA CONG NGHE, Truong Pai hoc Khoa hoc, DH Hué Tap 14, S8 1 (2019)

Mot s6 bac cao khong bi giam yéu di ma cd kr, = kn béc cta stc dién dong do co
thé biéu thi nhuw bing vV, =2mak £1

Trong d6: k = 1,2,3,... va m la s6 pha; q la s6 ranh 1 pha dudi 1 cuc tir. Vi
2mqg=Z/p nén:

Z
v, = E ktl, séng diéu hoa v. goi 1a séng diéu hoa rang.

SO di 6 kry = kn la do gbc léch av: gitra cac stic dién dong ctia cac boi day dat
trong c4c ranh lién ti€p do tlr trueong bac v. hoan toan bang goc léch a tng voi tir
trueong séng co ban:

o, =V :znp(kzilj:aniZQp:ania
p

Hinh 1. Truong hop ranh chéo 1 budc rang [3]

Quan rai khong triét tiéu duoc song diéu hoa rang, tuy nhién q tang v: tang
theo va Bmz nho di, két qua la song diéu hoa rang cling nho di twong tng va dang song
stec dién dong ciing cai thién dwoc 1 phan [3].

Z
2.4. Thuc hién ranh chéo: vV, = E-k +1 treong hop k =1 la 16n nhat,

bé triét tiéu duwgc sic dién dong nay ta chon budc ranh chéo:
b.=2tp/Z=nD/Z 1]

3. THIET LAP THONG SO PONG CO VAO PHAN MEM MAXWELL

Dong co cong sudt 1,1kW, s6 cuc 2p=2, dién ap dinh mtrc 220/380V, cosp = 0,92.
To noi day Y/A thiét lap vao phan mém Maxwell:

Cong suat: 1100W bién ap vao ctia dong co: 380V

T6c do tur treong: 3000 vong/phut Tan s6: 50Hz; Dong co dau hinh

sao Y
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Chay mo phong véi luwa chon 1: day quén 1 16p, tap trung dudi cuec tie

Chay mo6 phong voi lwa chon 2: day quén 2 16p, quan rai dudi cac cuc tit, budc

ngan

4. KET QUA MO PHONG VA PHAN TiCH

4.1. Dién ap vao dong co

InputVoltage Maxwell2DDesignl 4
375.00 — Curve Info
] —— InputVoltage(PhaseA)
250.00 — Setupl : Transient
b —— InputVoltage(PhaseB)
] Setupl : Transient
125.00 = InputVoltage(PhaseC)
s ] Setupl : Transient
= 0.00
> ]
-125.00 —
-250.00 —
-375.00 — -
.00 25.00 50.00 75.00 100.00 125.00 150.00 175.00 200.00
Time [ms]
Hinh 2. DBién 4p dau vao day quan véi lua chon 1
InputVVoltage Maxwell2DDesign2  “
375.00 E Curve Info
] InputVoltage(PhaseA)
250.00 — Setupl : Transient
3 InputVoltage(PhaseB)
125.00 -3 Setupl : Transient
] InputVoltage(PhaseC)
= . Setupl : Transient
— 0.00 4
> 4
-125.00
-250.00 —
-375.00 - . T
. 50.00 100.00 150.00 200.00

Time [ms]
Hinh 3. Dién 4p dau vao day quan vdi lya chon 2
O ca hai treong hop 1 va 2 (Hinh 2 va hinh 3), dién ap vao day quan dong co ba
pha bién thién theo ham hinh sin theo thoi gian c6 dang U = 310,069sin2*pi*50*time,
ddng co dau sao.
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4.2. Dién ap cam &tng trén cudn day stator dong co

InducedVoltage Maxwell2DDesignl &
375.00 Curve Info
- —— InducedVoltage(PhaseA)
250.00 — Setupl : Transient
b = InducedVoltage(PhaseB)
] Setupl : Transient
125.00 = InducedVoltage(PhaseC)
s 1 Setupl : Transient
< 0.00—
> ]
-125.00 —
-250.00 —
-375.00 — - - T : T T T
0.00 25.00 50.00 75.00 100.00 125.00 150.00 175.00 200.00
Time [ms]
Hinh 4. Dién 4p cam ting cua day quan lac lam viéc (lya chon 1)
InducedVoltage Maxwell2DDesign2 &
300.00 — Curve Info
] = InducedVoltage(PhaseA)
200.00 — Imported
] = InducedVoltage(PhaseB)
. Imported
100.00 = InducedVoltage(PhaseC)
s 1 Imported
= 0.00
> ]
-100.00
200.00
-300.00 - - - - - - -
0.00 25.00 50.00 75.00 100.00 125.00 150.00 175.00 200.00
Time [ms]

Hinh 5. Dién 4p cam tng cua day quan lac lam viéc (lya chon 2)

Hinh 4 va 5 la dién 4p cam ting do dugc trén cudn day stator lic lam viéc. Véi
thiét ké 1, day quan mot 16p, tap trung, budce du thi thanh phan séng hai 16n lam bién
dang song hinh sin (U=Umsin2*pi*50*time) ctia cudn day stator. Khi stt dung day quéan
2 16p budc ngén quén rai thi giam dwoc song hai trén day quan dong co. Diéu nay
giam duoc tiéng 6n cho ddng co. DY 16n dién ap phu thudc vao s6 mach nhanh song
song, s vong day quan mot pha cua dong co.

Thoi gian khoi dong voi thiét ké lwa chon 1 mot la khoang 25ms. Thoi gian khoi
dong voi thiét ké lya chon 2 dai hon, khoang 50ms.

Dién 4p cudn day stator giam trong qua trinh khoi dong.
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4.3. Dong dién trén cudn day staotor

Winding Currents Maxwell2DDesignl 4
- Curve Info

—— Current(PhaseA)
Setupl : Transient

- Current(PhaseB)
Setupl : Transient

= Current(PhaseC)
Setupl : Transient

0.00 25.00 50.00 7500 100,00 125.00 150.00 175.00 200.00
Time [ms]

Hinh 6. Dong dién cac pha day quan (lya chon 1)

Winding Currents Maxwell2DDesign2 4
80.00 Curve Info
i Current(PhaseA)
Setupl : Transient
Current(PhaseB)
40.00 Setupl : Transient
T Current(PhaseC)
< 1 Setupl : Transient
- i
> 4
-10.00 —
-60.00 T T T
0.00 50.00 100.00 150.00 200.00
Time [ms]

Hinh 7. Dong dién cac pha day quan (lua chon 2)

Hinh 6 va 7 la dong dién cac pha day quan stator dong co, bién thién theo luat
hinh sin ¢6 dang I=lmsin(2*pi*50+phi), khi dung day quén 2 16p thi tri s6 dong dién
trong day quan tang lén. Tri s6 dong khoi dong tang gdp khoang 4 Tan dong dinh mtc.
O lua chon 1, thoi gian khoi dong khoang 25ms, ¢ Iira chon 2 thoi gian khoi dong dai
hon, khoang 50ms va qua trinh khoi dong dong dién bién d6i phikc tap hon.

4.4. Ton hao trong mach tir dong co

SolidLoss Maxwell2DDesignl A
800 Curve Info
] —— SolidLoss
250 Setupl : Transient
00
77
9 ]
0150 —
S ]
3 ]
) ]
01.00
050
0.00 ; r T r y T y
0.00 25.00 50.00 75.00 100.00 125.00 150.00 175.00 200.00

Time [ms]

Hinh 8. Ton hao trong mach ttr ddng co (lwa chon 1)
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SolidLoss Maxwell2DDesign2 &
1.20 7 Curve Info
] —— SolidLoss
1.00 — Imported
$0.80
=, -
a ]
20.60 —
S .
= 7
° ]
$0.40
0.20 -
0.00 T T T T T T T
0.00 25.00 50.00 75.00 100.00 125.00 150.00 175.00 200.00
Time [ms]

Hinh 9. Tén hao trong mach tir ddng co (lwa chon 2)

Hinh 8 va 9 1a ton hao trong mach tir lic khong tai. Khi Iya chon 1 tic 1a day
quén tap trung, budc du thi dinh t6n hao cao hon nhung thoi gian khoi dong ngan
(25ms), tén hao trong qué trinh xac lap sau khoi ddng nho hon nhiéu. Véi lwa chon
thiét k€ 2 thi dinh ton hao thap hon tuy nhién thoi gian khoi dong dai (50ms) nén ton
hao kéo theo ciing khong kém, sau khi qua trinh qua d¢ khoi dong xay ra thi ton hao
16n hon Iwra chon thiét ké 1 nhiéu.

4.5. Momen dong co

Torque Maxwell2DDesignl 4
b Curve Info

250 - —— Movingl.Torque
B Setupl : Transient
L L

Movingl.Torque [NewtonMeter]
1

-17.50 T T T T T T T
0.00 25.00 50.00 75.00 100.00 125.00 150.00 175.00 200.00
Time [ms]
Hinh 10. M6 men dong co (lwa chon 1)
Torque Maxwell2DDesign2 4
u Curve Info
T = Movingl.Torque
T 5.00 — Setup1 : Transient
s
c
5 i
H i
2 -5.00 —
- i
S i
o
S i
= u
—
=15.00 —
£
= i
5} i
2 —
-25.00 T T T T T T T
0.00 25.00 50.00 75.00 100.00 125.00 150.00 175.00 200.00

Time [ms]

Hinh 11. M6 men doéng co (lwa chon 2)
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Hinh 10 va 11 1a momen dong co. Momen ddng co khi dung day quan budc
ngan 2 16p quén rai (Ia chon 2) cé nhiéu cuc tri trong thoi gian khéi dong dai hon so
véi lia chon 1.

4.6. Tt treong dong co

=3 Sheets
. alumin, | | BLtes1al
1 48 copper 2, 206G +008
4 steel 10 2, BE9@e +B0E
H imE] Rotc 1. 9314 +BEA
! 1, 7938e+008
-3 Stat 1. BEEZE+BEE
-4 vacuurr 1. 5186e+20
@1z, Coordinate 1, 351@e+208
-4 Planes 1, 2434 e+aE8
-8 Lists 1. 1858 +B08
9, 6323e-B01
4 [::::] 3

B[tesl1al

2, 3786e+B08
L2227 e+B0EE
 B7L4Ee+EEE
L9269 +80E
. 77E9e+EEE
6318 e+BEE
4331 e+BEE
L 3352 e+E0E
187 3e+008
B394 e+EEE

R S

Time =025 .
Speed =3000.000000rpm [

F'OEITIOI"IZU.UUUUUUUEQI 100 {mm)

Hinh 13. Tt truong quan sat khi mo6 phong la tie treong quay (lwea chon 2)

Hinh 12 va 13 mo ta tt treong lic quay cua dong co la ti treong quay tron.
Lwa chon 1 tir treong tap trung dwdi 1 cyee tlt, véi Ira chon 2 tir treong phan tan ¢ 2
cue tie. Tt treong 6 khe ho khong khi c6 bién d6 16n nhat, ¢ truong hop 1 s€ c6 bién do
ciee dai 16n hon treeong hop 2.

KET LUAN

Dong co khong dong bo la loai dong co phd bién duoc sit dung rat nhiéu trong
doi song sinh hoat va cong nghiép. N6 thudc loai may dién quay xoay chiéu duoc st
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dung nhiéu nhat trong cac loai may dién budc nguoi hoc hodc cackisue  dién phai
hiéu r6 qua trinh dién tir trong n6 dé thiét k€, van hanh hiéu qua.

Két qua mod phong ddng co thdy dugc chi tiét vé thiét bi dién véi két qua tinh
toan dugc, thdy duwoc tir tinh ctia dong co ma mat thuwong ching ta khong nhin thay
cling nhu tinh todn rt khé khan dé€ tim ra, tham chi tinh toan bang tay c6 d6 chinh xac
khong cao.

Lic mo phong dong co, quan sat duwoc tir treong sinh ra trong dong co la tt
treong quay tron. Céc tham s6 ctia dong co nhu dién ap, stc dién dong, dong dién, tir
thong déu bién thién theo qui luat hinh sin theo thoi gian. Tuy nhién, két qua thay rang
dién ap cam ting ctia day quan dong co bi bién dang do cd cac séng hai bac cao gay ra,
khi stt dung day quan 2 16p budc ngan quén rai lam giam di séng hai trén cudn day
cua déng co. Tuy nhién, thoi gian khoi dong ctia dong co 16n hon gap doéi, qua trinh
khoi dong dong dién va momen bién do6i phic tap, ton hao mach tir tang. Viéc giam
bdt song hai trong dong co sé giam tiéng 6n trong dong co. Tuy nhién, DG6i véi dong co
1,1kW st dung dién 4p day 380V nén dung day quan 1 16p sé t6t hon.

Qua phan tich két qua sau khi chay mo6 phong gitip nguoi thiét ké cé sy lua
chon phut hop hon déi vdi tiing loai ddng co phu hop véi yéu cau thuec té, giam duoc
thoi gian ché tao thue.

Khi ting dung phan mém nay mo phong thiét k&€ may dién con gap nhiéu kho
khan, do cac thong s6 dwa vao mod hinh mo phong va thong s6 ché tao thuc té€ co thé sai
khac, FEM ciing khong thé phan anh dwgc toan bo tac dong ctia yéu t6 cong nghé ché
tao nén gitta mo6 hinh mo6 phong va mo hinh thuyec t& sé ¢6 sai s6. Do d9, trong phuong
phép méi nay can két hop gitta phwong phap md phong va kinh nghiém thiét ké ché
tao.
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ABSTRACT

With many current scientific inventions in the field of technology, there are more
and more tools to be able to survey the types of motor. One of the features of the
motor research tool is that it is possible to build a motor simulation model to
increase the system's visualization as well as shorten the study time, trial
production time, reduce costs in design and research. Through modeling and
simulation processes that can optimize the working process, new structures are
more suitable for users. In this topic, the author focuses on studying Maxwell
application in the design of three-phase asynchronous motors to optimize the
structure, working features for higher use efficiency and minimization of trial

productiontime.

Keywords: Motor, Maxwell software, simulation.
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