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Trong thiét ké may dién, viéc gia tdng hiéu suat déng co luén la chu dé chinh trong cac nghién
ctru. HAu hét tén hao day quén trong déng co dién thudong xay ra trong cac cudn day phén iing va cén
gidm céc tén hao nay. Trong ndi dung bai bdo, nhém téc gia trinh bay nghién ctru vé dnh hudng cua
kiéu quén day déng khubén, day quén 1 16p véi day quén 2 I16p dén tén hao ciing nhw déc tinh ctia déng
co khéng déng bé (KPB). Céc thuc nghiém so séanh céc két qua thu duroc dua trong mé hinh phan tich
phén tir hibu han ciia phdn mém Ansys maxwell véi dong co 5,5kW 4 cuec.

Tuwr khéa: DPong co cdm (ing, dong co khdng dbng b, ddy quén stato, day quéan 1 I6p, day quén 2 I6p

1. DAT VAN BE

DPong co KDB ludn la nhu ciu co ban clia nganh
céng nghiép va la ngudn tiéu thu nang lwong
chinh trén toan thé gioi. Vi vay, hiéu suat cla
dong co KDBB can phai dwoc tang 1én. Khi do
doéng co KDB hiéu suét cao dang tin cay hon, tiéu
thu it nang lwvgng hon va tao ra it nhiét thai hon.
Trong [1] va [2], céng nghé réto bang ddng duc,
t6i wu hoéa chiéu dai 16i va hinh dang réto duoc
trinh bay dé tang hiéu qua va gidm tén that tai va
réto. Tuy nhién, cac phuwong phap nhw vay lam
tang chi phi va thdi gian san xuét. Vi vay, thiét ké
cudn day moét Iép cho déng co hiéu suét cao
duwoec trinh bay trong bai bdo nay nham gidm tén
that va tdng hiéu suat. N6 rat dé thuc hién va rd
rang sé khong lam téng chi phi. Hiéu suét ctia né
duwoc tinh toan véi sw tro gilp clia phan mém
Ansys Maxwell [3]. Bai bao nay trinh bay anh
hwéng cla kiéu day quan dén hiéu suat ciia dong
co KDPB ciing nhw dac tinh ciia déng co. Nhém
tac gia s& danh gia anh hwéng cla cach quan
day quan dong co trén dong co KDB 5,5kW 4 cuc
véi dién ap 220/380V v6i tAn sb lwdi dién f =
50Hz.

2.CO SO NGHIEN cUu

2.1. Cau trac day quan trong déng co’ khéng
dong bd
2.1.1. Day quan 1 I&p quan déng khuén

Day quéan | 16p la loai day quan c6 sbé ranh dwdi
1 pha (q) 1a s6 nguyén, thwéng dwoc ding trong
cac dong co dién c6 cong suat nhé [4], [5]. Do q
nguyén nén canh cla béi day chiém ca dién tich
rénh, sé canh cta bdi day cta 1 pha dwéi 1 cuc
bang q va dwdi méi déi cwe mbi pha co 1 tb bbdi
day gébm q béi day. Trong néi dung, nhém tac gia
st dung kiéu day quan déng khudn cho cac déng
co, day 1a kiéu day quan ma cac bbi day co kich
thwéc hoan toan gibng nhau. Trong déng co thuc
nghiém 5,5kW 3 pha c6 4 cwc do d6 sé doi cuc p
= 2 nén ta co sb ranh trén stato dwoc tinh Ia:
Z1= 2m1pq1 (1)

Trong doé:

Z1 la sb ranh cua stato (ranh);

m1: 14 sb pha ctia ddng co (& day my = 3);

g1: S6 ranh ctia 1 pha duéi 1 cuc (& day chon
qi = 4);

p: S6 d6i cuc clia ddng co’ KDB.

Do d6 Z1 = 48. Nhw vay dbi véi dong co 5,5kW
c6 day quan 1 I&p va déng khudn thi cach bd tri
so d6 quan day nhw hinh 1.

2.1.2. D4y quén 2 I6p déng khuén

Day quan 2 16p [5] 1a loai day quan ma trong méi
rénh cé dat 2 canh tac dung, nhw vay sb bbi day
cuia stato chinh bang sé ranh stato. Khi quén day,
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canh th(r nhat cia méi bbi day dwoc dat & I&p
trén cla 1 ranh va canh th& hai dwoc dat & I1&p
dwéi cia mét ranh khac véi khoang cach gitra 2
canh cta 1 bdi day 1a y. Trong qua trinh quan day

Hinh 1. Day quan 1 16p dong khudn vGi so ranh trén
stato 1a 48 ranh

2.2. Strc dién dong may dién khéng dong bo
2.2.1. Strc dién déng cta day quén do tir truong
co ban

Strc dién dong clia day quan 1 pha trong may
dién [4] trong d6 day quén 1 pha c6 thé gdbm mot
hay nhiéu nhanh ddng nhat ghép song song, do
do stre dién dong mot pha la sirc dién déng cua
mot nhanh song song. Do d6 ta co:

E, =4,44k, wf © (2)
S (q2j
Trong do: k,, =k k, =sin (sz—: hé sb

v2 qsin(aj
2
day quéan;

. (ynx . V4 A %
k. =sin| —— |=sin| f— |: hé sO
. ( 2) ('32) '

T
bwéc ngan va B 1a ty s6 buéc day quan.

quan 2 16p thi twong quan gitra y va bwéc cuc T
anh huéng 16n dén sirc dién ddng bac cao trong
may.

Hinh 2. Day quan 2 I6p dong khudn vdi s ranh trén
stato l1a 48 ranh; y = 11 ranh; T = 12 ranh

sin(q;)
k. =———7-+<
sin [aj

e

2.2.2. Strc dién dong cta day quén do tir truong
bac cao sinh ra

: hé sb quén rai.

Strc dién dong clia day quan do tr trwdng bac
cao c6 phwong trinh twong tw nhw sirc dién dong
cla day quan do tir trwdng co ban sinh ra. Tuy
nhién buwéc cuwe clia tir trvdng bac cao v nhé hon
v 1an buéc cuc cla tir trwong co ban. Do d6 ta
c6 hé sb quan rai va hé sb buéc ngén duoc xac
dinh nhw sau:

sin(uqza)

by =—7"% 3)
qsm(u2j

k., =sin(uﬂ%) (4)

Nhw vay hé sbé day quan dbi voi tir trwong
bac cao:
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kdqu = krukyu (5)

Ngoai ra khi day quén chuyén dong véi tbc
do v trong tr tréng bac v thi luc d6 tan s 1a
f,= uf khi d6 strc dién dong day quan do tw
trwdng bac cao la:

E =4, 44kquWfU(DU (6)

T cac phuwong trinh (1) va (6) ta co thé thay
rang tlr trwéng cla cuc tr phan bd khong hinh
sin, khi quan day quan v&i mét 1&p thi tir trvdng
cla cwc tir kho cai thién dwgc. Tuy nhién viéc
quan 2 16p v&i budc day quan cé thé thay ddi
giup cai thién dwgc strc dién dong clia may dién
va cai thién dwogc dac tinh lam viéc clia dong co.
2.3. bién khang chinh ctia may dién xoay chiéu

Trong tai liéu [4], ta c6 cong thirc xac dinh dién
khang chinh cla day quén stato:

2,2
o ZAmf prl Wi K
Yo kST p

(7)

Qua cong thirc ta co thé thay dién khang cla
day quén stato ty 1& thuan véi binh phwong hé sé
day quén kqq. Do d6 viéc bd tri day quan khac
nhau cling anh hudng dén dién khang cla day
quén stato.

2.4. M6 men cua dong co

M6 men dién tir clla dong co dwoc xac dinh
qua cbng thirc [4]:

mUzpr' /s
M, = 1Y PPy 8
! 27Tf|:(l’i +C1r'2/s)2 +(x, +C1x'2)2] ®)

Trong do: r'2: Dién tré roto quy dbi sang stato (Q);
m1: Sé pha clia day quén stato;
U+: Dién ap day quéan stato (V);
ri: Dién tré stato (Q);
s: Hé sb trwot clia dong co KDB;
C1: Hé sb két cAu cuia dong co.
M6 men kh&i dong clia déng co:

mUzpr'

M — 11 2 9
‘ 27zf[(r1+C1r'2/s)2+(x1+C1x'2)2] ®)
M6 men cuc dai clia déng co:

2
1 U,
mY, p (10)

M o=
™2G, 27rf[r1 +(x +Cx', )}

Nhuw vay, mé men déng co ti 1& nghich v&i dién
khang chinh do d6 khi dién khang chinh giam thi
md men déng co cling sé tang lén.

2.5. Hiéu suat cua déng co’

Tén hao dong co bao gdm tén hao ddng trong
stato va roto, tdn hao sat trong stato, tdn hao co
va tdn hao phu. Hiéu suét ctia dong co [4]:

P

n=—02=100%

P +3Ap (1)

Trong d6: P2: Cong suét dau ra dong co (W);
YAp: Téng tén hao coéng suét tac
dung cua dong co (W).

Trong may dién khéng déng bd, tén hao sat tiv
cla stato ti 1& v&i dong tir hoa, néu dong tir hoa
giam thi tén hao sét tir cling giam tir d6 hiéu suét
cla dong co tang. Ma ta cé dong tr hoa duoc
xac dinh [5]:

pF B 1,78pk#k535

“70,9mw k,

mw,k, (12)

q1 q1

Trong d6: ky: Hé s6 bao hoa mach tu;
ks: H& s6 khe hé& khong khi;
Bs: Ttr cdm toan mach;
wi1: 86 vong day quén stato (vong).
Theo cong thirc (12) dong dién tr hoa phu
thudc vao hé so day quan stato, nén khi thay doi
cach quén day ciing thay dbi dong dién tir hoa tir
do thay doi hiéu suat dong co ma dong tr hoa
thay déi ciing cai thién hé s cong suat dong co'.
3. MO PHONG VA KET QUA
3.1. M6 hinh mé phoéng

Phan mém Ansys Maxwell [3], [6] la phan
mém &ng dung phwong phap phan t& hiru han
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dé md phéng va mé hinh héa rat manh mé gidp
tac gia kiém nghiém va hiéu chinh cac théng sb
da tinh toan dworc tlr do 1a co s& dé ché tao thir
nghiém déng co theo thiét ké.

Thwe nghiém mé hinh thiét 1ap s dung théng
sb6 déng co cho qua trinh md phéng nhuw bang 1.

Bang 1. Thong so thuc nghiém ciia dong co KDB 5,5kW 4 cuic

Théng sé Giatri | Ponvi
Céng suéat dinh mirc 55 KW
Tbc d6 dinh murc 1455  |vong/phut
bién ap dinh mirc ddng co | 220/380 \%
Tan s6 dinh méc 50 Hz
Puwong kinh ngoai stato 225 mm
Puwong kinh trong stato 144 mm
Khe h& khong khi 04 mm
Sé ranh stato 48 ranh
Vat liéu ché tao I6i thép Steel_1010
Puong kinh day dan 0,8118 mm
Heé sb ép chat 0,95
Chiéu dai stato — roto 85 mm
Sé ranh roto 38
bién ap dong co 380VAC

Hinh 3. Hinh dang ranh stato ctia dong co KDB

Hinh 4. Hinh dang day quan stato ctia dong co KBB

Trong mé hinh mé phéng danh gia anh hwéng
clia day quan dén tdn hao va dic tinh ctia dong
co, nhém tac gid st dung ciu truc stato khoéng
dbi va roto khéng dbi chi thay dbi cach quan day
cla stato va buéc clia day quan dé danh gia.

Sau khi mdé phéng ta cé bang két qua cla
dong co:

Bang 2. Bang két qua thong s cla dong co KDB 5,5kW
théng qua mé phong phan mém mo phong

Day quan Day quan
- £ . A 216p
Day quan (2 I&p qong ddng
Théng sé ;!"’p ':)h”,"“ khuén
ong worc birs
khuén ngan woe
=11 ngén
y= y=10
Hieu suatdong | g9 9704 | 91,0088 | 91,2700
co (%)
Hé sb cong suét | 0,861901 | 0,881592 | 0,886705
Moémendinh | 358906 | 36,1902 | 36,2026
murc (Nm)
Téc dé dinh
o omobnaty | 146330 | 145100 | 145075
Dong diéndinh | 44 50099 | 10,3056 | 10,2015
muc (A)
Dong dienkhoi | 54 8697 | 594780 | 60,2160
dong (A)
He so truot dinh | 1944674 | 0,0325571 | 0,032831
mucC
Hesdlapday | 738074 | 0759573 | 0,759573
ranh
Mo men cuc dai | 496 5573 | 1354681 | 137,3720
(Nm)
Mo menkhoi | 76 1603 | 101,668 | 104,662
dong (Nm)
Hesodongdien| 55400 | 57714 | 5.9027
khoi dong
Hesomomen | 356708 | 37432 | 3,7946
cuwc dai

Thong qua két qua bang 2, ta cé thé thay hiéu
suét clia dong co KDB cai thién khi thay dbi day
quan t 1 I&p thanh 2 16p - bwdc ngan y = 10.
Diéu nay la do khi st dung day quan bwéc ngan
gitp loai trir dwoc cac tén hao do séng diéu hoa
bac cao gay I&én. Ngoai ra khi sir dung day quén
2 16p buéc ngan lam cho dong dién khéi dong,
mo men cyc dai cao hon so véi hai trwong hop
mé phdng trén dong thdi hé sb coéng suét ciing
cai thién.
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- Hiéu suét dong co KDB 2 I¢p bwéc ngan y
=10 tang Ién 1,44% so v&i ddng co KBB 1 16p.

- Hé sb cong suét cling cai thién mét phan:day
quén budc ngan 2 16p y = 10 tang 2,885% S0 VO
day quén 1 16p.

Céc két qua thwc nghiém mé hinh hoa qua
phan mém Ansys Maxwell phu hop véi ly thuyét
da dwa ra & phan trén.

3.1. T6c dd va mdé men clia dong co’

Hinh 5, 6, 7 mé ta tbc dd cua roto dbi v&i cac
trwong hop day quan khac nhau, & day ta co thé
thay dac tinh cta tbc do & ba hinh déu twong tw
nhwng hé sé géc ctia dd thi thi khac nhau. O hinh
5, khi déng co' quan day 1 16p thi toc do dat gia
tri dinh mac sau 0,35 giay, trong khi dong co
quan day 2 I6p budc ngan y = 11 thi thoi gian
nay con 0,15 giay va buéc ngan & hinh 7 thi 0,08
gidy déng co da dat gia tri dinh mic. Diéu nay
cho thay khi str dung déng co c6 day quén 2 16p
bwéc ngan gilp thdi gian khéi ddng clia ddng co
co nhanh hon va van gilr dwoc trang thai 6n dinh
ban dau.

syl 00y 2 ANETS
w0

Hinh 5. Toc d6 va mé men cta dong co day quan 1 I6p
dong khuén

Torgue [ L

Hinh 6. Toc d va mé men cta dong co day quan 2 I6p
dong khudn budc ngany = 11

i

Hinh 7. Toc d6 va mé men cta dong co day quan 2 I6p
dong khuén budc ngany = 10

Ca ba db thi dac tinh mé men (hinh 5, 6, 7)
déu co bién thién theo thoi gian twong tw nhau.
Qua céc dd thi co thé thdy dwoc dac tinh cla
déng co day quan 2 I6p budc ngén 'y = 10 c6 mod
men kh&i dong I&n dbéng thoi thoi gian qua do
cla mdé men ciing nhd hon v&i 2 dong co day
quan con lai. Ngoai ra ta c6 thé thay dé dao dong
clia dong co dung day quén 1 1&p khi khéi dong
Ién hon nhiéu so véi dong co day quan buéc
ngéan.

3.2. bac tinh co’ ctiia dong co
ANSYS

140.00
10000 Cunve Info
— Torque

0.004

o
&
=]
=3
I

Torque (N.m)

T B e e T T A e B e e e LA
0.00 250.00 500.00 750.00 1000.00 1250.00 1500.00
Speed (rpm)

Hinh 8. Dac tinh cd ciia dong cd day quan 1 I6p dong khudn

ANSYS
m1
140.00 1" ame X v Curve Info

m

— Tomue

000

———— T
0.00 250.00 500.00 750.00 1000.00 1250.00 1500.00
Speed (rpm)

Hinh 9. Dac tinh co cia dong co day quan 2 IGp dong
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ANSYS
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Hinh 10. Dac tinh co ctia dong co day quan 2 Ip dong
khudn budc ngany = 10

Hinh 8, 9, 10 mé ta dac tinh co ctia déng
co (ng v&i tirng cach quan day khac khau, & day
ta c6 thé thay viéc quan day quén 2 I6p budc
ngén giup cho vé&i cung loai ddng co nhung mo
men kh&i dong cla dong co caéi thién ro rét
(105Nm vé&i bwée ngan y = 10 so 76Nm ctia déng
co day quén 1 16p). Péng théi mé men cwc dai
clia déng co cling cao hon nhiéu so véi dong co
day quan 1 1&p twong (rng 137Nm va 128Nm.
3.3. bién ap va dong dién ctua dong co

Currents

Hinh 11. BDién ap va dong dién cta dong co day quan 1
IGp dong khudn

Currents

T
0 B
Time(rs]

Hinh 12. Dién ap va dong dién cta dong co day quan 2
I6p dong khudn budc ngany = 11

Cuments el c00ssnl ANSTE

mm

]

mm

i

Hinh 13. Dién ap va dong dién cta dong cd day quan 2
I6p dong khudn budc ngany = 10

Do thi vé dién ap va dong dién déu bién thién
hinh sin theo thdi gian khi lam viéc & ché dd én
dinh, trong dé thoi gian dao dong khi khéi déng
clia cac dong co day quan buwdc ngan nhd hon
so véi déng co day quan 1 16p.

3.4. Tt trwong quay ctia dong co

Phén bo ti trudng cta dong co day quan 1 16p
ddng khudn

Hinh 15. Phan b tui trudng cta dong co day quan 2 IGp
dong khuon budc ngany = 11
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Hinh 16. Phan bé tui trudng cia dong co day quan 2 I6p
dong khudn budc ngany = 10

Tw trwdng cla cac dong co déu phan bd déu
tai khu virc rang ranh cta déng co va phan bd
déu trén cac khe hé khong khi. Béng co st dung
day quén buéc ngén cé phan bd tir trwéng rong
hon & ca roto lan stato, trong khi dong co day
quén 1 1&p thi tlr tredng chi yéu phan bb tai cac
cwc twr 1a chinh.

4. KET LUAN VA KIEN NGH]

ng dung phwong phap phan t&r hiru han két
hop v&i phdn mém mé phdéng Ansys Maxwell
giup cho két qua mé phéng dong co dwoc cu thé
dén tirng chi tiét gitp ta c6 thé thay dwoc ca phan
bd t trwong trong déng co ma mét thuwéng
khong thé thdy duwoc. Phuwong phap con co thé
tinh toan chinh xac khac phuc dwoc nhirng
nhwoc diém do phwong phap thuc nghiém cling
nhuv phwong phap gidi tich trwvdc day.

Trong md phéng déng co 5,5kW la déng co
c& nhd ta cé thé thay dwoc cac tham sb clia dong

co nhw dong dién, dién ap, sirc dién déng déu
bién thién theo thdi gian. Tuy nhién cé thé thay
rang déi v&i dong co' 5,5kW tré [&n viéc quan day
quan 2 16p bwédc ngén cé nhiéu wu diém cai thién
dwoc dac tinh khéi dong, thoi gian khéi dong
cling nhw tdng kha nang qua tai clia déng co
trong qua trinh lam viéc. Qua phan tich két qua
chay mé phdng va danh gia anh hwéng cua viéc
quan day gilp ngudi thiét ké cé dwoc sw lwa
chon phu hop téi wu duoc thdi gian thiét ké ché
tao dong co.

Trong bai bao, nhém tac gia da dwa ra nhirng
anh huéng cu thé cla viéc chon cac phwong an
quén day quéan khac nhau va mé phéng két qua
cho thdy dwoc wu nhuoc diém khi ding céc loai
day quan. Viéc quan day 2 I6p bwdc ngén giup
nha san xuét cing nhw ngudi st dung cé thé co
duwoc thong sbé cai thien hon viéc quan day day
quan 11&p. Nhwng khi quan day quén 2 Iép buéc
ngén doi héi quy trinh quéan phic tap hon, chi phi
san xuét va slra chiva sé Ién hon. Két qua danh
gia nay c6 thé 1a co s& nhom tac gia nghién ctu
sau hon vé qua trinh nang cao hiéu suét cla
doéng co, 1a co s& cho cac nha st dung cé thé cai
thién dwoc déc tinh clia dong co cii can quén lai.

Tuy nhién, viéc (rng dung phan mém mé phéng
trong qua trinh thiét ké dong co KDB con gap
nhiéu khé khan do sai khac gitra cac théng sé ban
dau thiét 1ap trén phdn mém mé phdng va cac
thong s6 ché tao thuc té vé vat liéu cling nhw cdng
nghé. Do d6 nhom tac gia nghién ctru sau hon van
can két hop gitra phwong phap mé phdng va kinh
nghiém thiét ké thuc té trong ché tao.
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ABSTRACT:

In electrical machine design, increasing machine efficiency has always been the main topic of
research. Most winding losses in a machine usually occur in the armature winding and it is necessary
to reduce these losses. In the content of the article, the authors will present a study on the influence of
concentric, co-mold and 1-layer winding with 2-layer winding on the losses and characteristics of
asynchronous electric motors. Experiments compare the results obtained in the finite element analysis
model of Ansys Maxwell software with those obtained with a 5,5kW 4-pole motor.

Keywords: /nduction motor, asynchronous motor, stator winding, single layer winding, double
layer winding.
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