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TOM TAT

Bai bao da ung dung phwong phap quy hoach thuc nghiém két hop véi phuong phép thiét ké
day quén va mach tor dé xay dung biéu thirc mé té quan hé giita hiéu suét véi duong kinh ngoai,
duong kinh trong, chiéu dai 16i sét stato va méat dé tir théng khe h& khéng khi trong déng co khéng
dbng bo ba pha réto Iéng séc. Céac théng sb nay cé y nghia quan trong trong xac dinh céu truc mach
ttr va théng so day quan nén co anh hudéng I6n dén thé tich va céc tiéu chuéan ky thuéat cla dong co
nhw hé sé céng suét, mémen cuc dai, mémen khéi déng, dong kh&i déng va hiéu suét. Mot biéu thirc
x4y dung cho céc déng co tir 0,75 dén 2,2 kW duoc trinh bay. Duwa vao biéu thirc nay ma tai giai doan
dau thiét ké co thé xac dinh duoc kich thuwdc chi yéu va tai dién ttr cé thé théda méan khéng chi yéu céau
vé hiéu suét ma con dam bao la céac tiéu chuén ky thuat khéc, nho vay sé tiét kiém thoi gian va néng
cao do chinh xac cho qua trinh tinh toan thiét ké téi uvu dong co khéng déng béd ba pha réto 16ng séc
c6 hiéu suét cao.

ABSTRACT

This article applied the experimental delineated method combined with design method for wire
and core in three phase squirrel cage induction motors to establish a new expression describe the
relation between the efficiency and the stator outer diameter, stator inner diameter, stator core length,
air gap flux density. These parameters are important for determination the structure of magnetic and
wire parameter, so that they are influence much on the volume and technical standards of motor like
power factor, maximum torque, starting torque, starting current, and efficiency. An expression of three
phase squirrel cage induction motors output power from 0.75 to 2.2-kW is established and presented.
Based on this expression, we can determine the main dimension and electromagnetic load that not
only satisfy efficiency but also ensure other technical standards at the first step of a design process.
Therefore, when design optimization process of high efficiency three phase squirrel cage induction
motors we can save time and raise level of the precision.

I. GIOI THIEU hiéu sudt cao dong thoi dam bao nhitng tiéu
chuan vé kinh t€, ky thudt 1a nhi€ém vy hét suc

Ngiy nay hiéu suat dong co di dan tro C A Tk
54y Ty £ quan trong va cap thiét.

thanh mét tiéu chi 4p dung trong cong nghiép.

Viét Nam da ban hanh bo Tiéu chuan “Dong co Pic tinh dong co KPB ba pha réto 1ong
dién khong ddng bo ba pha roto 16ng soc hiéu soc chiu su tic dong 16n ciia nhoém thong sb
suat cao” (ky hiéu: TCVN 7540-1:2005) yéu kich thudc co ban (nhu dudng kinh ngoai 16i sat
clu vé hiéu suét tdi thiéu ddi vai dong co khong stato Dy, duong kinh trong 161 st stato D, chiéu
ddng bd (KPB) 3 pha roto 10ng séc ché tao phai dai 15i st stato 1) va tai dién tir (gom mat do tir
cao hon Tiéu chuél} sir dung trude day (TCVN thong khe hé khong khi Bs va tai duong A). Cac
1987-1994) tir 1 dén 5 %, dy kién c6 hiéu lyuc thong sd nay c6 y nghia quan trong trong xac
ndm 2009 nhung dén nay bg tiéu chuan mdi nay dinh két cdu (cAu tric) mach tir va thong sé day
chua duge cac nha mdy ché tao dién co ¢ Viét quan nén anh hudng 16n dén thé tich may va cac
Nam tng dung cho cac san pham. tiéu chuin ky thuag nhu cos@, bdi s6 momen

Pung trudce van dé trén dat ra cho linh cuc dai May, bOT 0 momen khoi dong my, boi

vuc thiét ké va ché tao may dién cin nghién s0 dong khéi dong iy va dac biét la higu suat n.
ctru, tinh toan thiét ké d€ tao ra cac dong co co
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Sy tac dong cua cac thong sb nay da duoc khao
sat ¢ [1].

Dé nang cao hiéu suat dong co can cd
phuong phap tinh toan thlet ké hop ly giam ton
hao ddng va ton hao sat 1a hai thanh phan t6n
hao chinh cua dong co [1].

Phuong phap thiét ké diy quan va mach
tr dugc nghién ctru ¢ [2] ¢6 thé toi vu tiét dién
rénh stato, tdi wru chidu cao rinh stato va roto dé
duge m 16n nhit dong thoi dam bao cac tiéu
chuan ky thuat khac khi chon duoc gié tri Dy
(thudng 13y theo chiéu cao tim tryc chuan), D, 1
va mat d¢ tur thong khe ho khong khi B; (gia tri
tai duong A khong can chon ma duoc tinh toan
thong qua hing s6 may dién Cn). Ung dung
phuong phap ¢ [2] d& mang lai nhimg két qua
nhit dinh trong viéc nang cao hiéu suat dong co
KDB ba pha réto long soc [3,4]. Tuy nhién, xét
bai toan thiét ké tong the viéc chon gia tri ban
dau ctia kich thudc chu yéu va tai dién tir nhu D
nho, 116n, B 16n d¢ tinh toan thiét ké rdi sau do
duge diéu chinh lap lai dén khi dat duoc cac
tiéu chuin dit ra van con mat thoi gian va bo
nh¢ trén may tinh.

Vi thé can thiét xay dung biéu thirc xac
dinh quan hé giita n véi cac théng s6 D, D, |,
Bs c6 dang 1 = f(D,, D, |, Bs). Thong qua biéu
thire ndy s& xac dinh gia tri cac thong s6 Dy, D,
I, Bs theo hiéu suat dit ra ngay tir giai doan dau
thiét ké, két hop voi phuong phap thiét ké day
quin va mach tir [2] s& tao thanh mot phuong
phap thiét ké dong co KB ba pha roto 1ong séc
¢6 hiéu suét cao twong ddi hoan chinh ma & d6
vira ¢ thé xét hét cac phuong an dé chon mot
trong s6 d6 c6 hiéu suét cao nhat dong thoi rut
ngin dugc thoi gian tinh toan cho qua trinh thiét
ké.

I1. XAC PINH BIEN SO POC LAP, MIEN
GIOI HAN VA PHUONG PHAP

Céac thong s duong kinh trong 13i sat
stato D, chiéu dai 13i sét stato 1, mat do tur thong
khe ho khong khi Bs bién thién trong khoang
nhét dinh: Dpin < D < Dpax, Imin <1 < Iax, Bsmin
< Bj; < Bbmax Quan h¢ gitta D va duong kmh
ngoai 16i sit stato D, dugc thé hién qua hé s6 kp
= D/D,, phu thudc vao cong sult va sb doi cuc
p. Quan hé giira 1 va D, ciing dugc thé hién qua
hé sb A = /Dy, phu thude vao cong ngh¢, cong
suat va s6 doi cuc p. Dé bicu thirc xdy dung
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mang tinh tong quét hoa, c6 thé ap dung cho cac
day cong suit c6 toc do dong bo khac nhau, hai
hé s kp va A co don vi twong ddi va thay thé
dugc ba bién s6 nén duge chon 1am bién sb doc
lap thay vi D, D va L.

Nhu vy biéu thirc can xay dung 1a mot
ham s6 c6 dang:

n =f(ko, &, B5) (1)

Nhu di khao sat & [1], mdi gia tri cac
thong s6 D, 1 va B; thay d6i s& anh huong khac
nhau dén m nén (1) s& c6 dang phi tuyén. Vi
chwa biét cu thé su thay doi ctia 1 va phai ding
thuc nghiém dé xac dinh n nén sir dung phuong
phap quy hoach thuc nghiém (QHTN) dé xay
dung (1) 1 hop 1y nhat. Pay 14 phuong phap st
dung mo6 hinh vat 1y hodc mé hinh toan thong
qua cac thir nghiém theo quy lut nhat dinh dé
xdy dung cac biéu thic twdng minh miéu ta
quan hé gitra ham muc tiéu va céac bién s6 doc
lap [6,7].

Vi (1) c¢6 dang phi tuyén nén trong
phuong phap QHTN chon phuong phap quy
hoach tryc giao (QHTG) cap hai dé xay dung
biéu thitc 1 [6]. Theo phuong phap nay, biéu
thirc duoc xdy dung phu thudc phi tuyén vao
cac bién sb doc lap vi d6 1a mot da thire bac hai.
Véi 3 bién sd dau vao (kp, A va B tire k = 3),
biéu thirc c6 dang:

3 3
77:b0+ijXj +Zbij szu j
I<j
trong do: x;, X;: 1a bién so doc 1ap thir i va tht j;
bo, bj, by, bjj 1a cac hé s6 clia biéu thiic can phai
xac dinh theo ma trén thuc nghiém.

@

Phuong phap QHTG cép hai con mét wu
diém nira 1a ngoai viéc thir nghiém tai cac gia tri
cuc tiéu, cuc dai cua cac bién sb doc lap con co
thir nghiém & tdm va trén cac truc toa do, cach
géc toa d0 mot doan a > 0 sao cho ma tran thi
nghiém tryc giao. Vi nhiéu thir nghiém hon so
v6i cac phuong phap QHTN khac nén mo hinh
dua ra s€ chinh xac hon [6].

I11. BIEU THUC MO TA QUAN HE GIUA
HIEU SUAT VOI KiCH THUGC CHU YEU
VA MAT PQ TU THONG KHE HO
KHONG KHIi

Biéu thire (2) dugce xay dung ép dung cho
day cong suat tur 0,75 kW dén 7,5 kW vi day 1a
diy cong suit co sd lugng san suit va tiéu thy
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16n (chiém 83% cac dong co KPB 3 pha roto
16ng soc duge san xuat cua chau au [8] va
khoang 75% ¢ Viét Nam [9]). pé tang do chinh
xéc, trong diy cong sut ndy co thé chia thanh
hai ddy nho, theo chiéu cao tim truc ta c6 hai
day 1a: tir 0,75 kW dén 2,2 kW va tir 3 kW dén
7,5 kW.

Qua trinh xdy dung biéu thic dugc
trinh bay cho diy cong suat P = 0,75 + 2,2 kW,
2p = 4. Qua khao sat cong ngh¢ va vat liéu san
Xuit ciia cic nha may ché tao dién co & Viét
Nam nhu Cong ty ché tao dién co Ha ngi, Cong
ty ché tao may dién Viét Nam-Hungary, cac
thong sd kp, |, B;s cua dong co cong suat P =
0,75 + 2,2 kW, 2p = 4 ¢6 khoang bién thién nhu
bang 1.

Bdng 1. Khodng bién thién cdc bién déc ldp
(voi thép 2211, 2013)

Vé6i2p =4; P = 0,75 + 2,2 (KW)
0,54 < ko < 0,64
044<1<0,7
0,7<B;<0,82(T)

Viéc xdy dung biéu thic s& giai quyét
cac van de: xay dung ma tran dir liéu hay ma
tran thyc nghiém, tim va kiém dinh cac hé so,
kiém dinh biéu thirc. Vi 3 bién so dau k = 3 ta
¢6 s0 thi nghiém can thyc hién:

N=2"+no+2k=2%+2+23=16,

trong do6: 2X s6 thi nghiém co s, ng 1a s6
thi nghiém tai tdm va 2k sO thi nghiém bo tri
trén cac truc toa do.

3.1 Xay dung ma tran thwe nghiém
* Xdc dinh gid tri cdc tham sé

Goi cac bién thuc té la 7, =LKk,
L;<Z;<Zj.Véik=3taco Z tuong ing
ko, Z, tuong ing vai A, Z3 tuong ung Bs. Gia tri
goc, cén trén, can dudi cua cac tham so va cac
khoang AZ; nhu bang 2.

Bang 2. Gid tri cdc tham s6

N’ Z Z, Zs
Gia tri géc Z ? 0,59 0,57 |0,76
AZ; 0,05 0,13 | 0,06
Can trén Zj 0,64 0,7 0,82
Can dudi Z 0,54 0,44 |07
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Zj-l-Z-

Z,-Z
711AZJ.: J

=i

Trong do: ZJ? =

* Ma hoa va lgp ma trdn thuc nghiém

Céc phan tir cia ma tran thyc nghiém Ia
+1 va — 1 nhung khoang bién thién cua cac bién
ma ta nghién ctru no6i chung khac véi [-1, +1].
Dé 1ap ma tran thyc nghiém, trude tién chuyén
Z;sang X;:

®)

b Az,
Gia tri cac bién o thi nghiém co so:
L =L, ox="-1 Z,=L;ox=+1
Gia tri cac bién ¢ thi nghiém phan tam 1a:
Z,=2]<=x,=0
Gia tri cac bién trong thi nghiém trén cac
truc toa dd duoc xac dinh theo hé s6 a.:

= N2"7 2 =162 =22 =129 (4)

Gia tri cac bién d€ ma trén tryc giao la:

X =xf—;(2k+2a2)=xf—0,71 (5)

Tur cac két quad trén, ta c6 ma tran thuc
nghiém day di nhu bang 3.

Bdng 3. Ma trdn thiee nghiém day di

=)

N"Xo| X1 | Xo | X3 XioKizKoa| X1+ | Xp | Xa' n

1121 1 -1 111029029 0,29 0,7864
211 1 -1 -1 -1-11 029029 0,29 0,8066
311 1 -1 -1:1 -1 0,29 0,29 0,29 0,8469
4111 -1 11 -1:-1.0,29 0,29 0,29 0,8575
511 -1 -1 1 i1 -1-1029:0,290,290,8036
611 1 -1 1 -11 -10,29029 0,29 0,7909
711 -1 1 1 -1-1.1 029029 0,29 0,8355
8111 1 1 111 0290290290,8174
912 0 0 0 0 0 0-071-0,71-0,710,8415
101 0 0 0 0:0 0:071-071-0,710,8443
1112 229 0 10 0:0 0:095-0,71-0,710,8292
1211129 0 0 0 0 0 0,95-0,71-0,710,8341
13/1. 0 129 0 0 0 0 -0,71.0,95 -0,710,8524
1411 0 129 0 0.0 0 -0,71.0,95 -0,710,7923
1511 0 0 11,29 0 .0 0 -0,71-0,71 0,95 0,8344
16/1. 0 0 -1,290 0 0 -0,71-0,71.0,95 0,8464

Trong d6 cot n 1a két qua thi nghiém tur
viéc img dung phuong phap thiét ké day quan
va mach tir ¢ [2]. Két qua ctia phuong phap nay
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dugc trinh bay ¢ [3] va da duoc bao cao tong
két v6i két qua danh gia t6t [4].
3.2 Tinh va kiém dinh cac hé sé

Dé tranh nham 14n véi cac chi sé bién, ky
hiéu chi sb thi nghiém 1a u: U=1 N . Cac hé
s6 dugc xac dinh theo cong thuc [6], [7]:

N
N z Xuj 77u

b=y @ b= — O
N N
> (X ), 2 Xl

b, =HN—(8>; by = F——)
Z(Xm uj Z(X;j)z

Tir két qua bang 3, tinh cac hé sb by, bj,

by, b; va thay vao (2) ta dugc phuong trinh héi
quy thuc nghiém:
77 =0,8262 - 0,00056x; + 0,02185x, - 0,00578x;
- 0,00188x:x, 0,008x;x3 - 0,0066X,%3 -
0,00854 X, - 0,01415 X, - 0,00326 X; (10)
* Kiém dinh cdc hé so:

Muc dich cua kiém dinh nay lpai béd
nhitng hé s6 khong di muc y nghia dé biéu thtc
dugc don gian hon.

Pé kiém dinh cac hé sd can phai tinh
phuong sai tai sinh. Phuong sai tai sinh xac
dinh theo [6], [7]:

—775)° (11)

trong do: ng la $6 thi nghiém tai tam, phu thudc
vao doi tuong khao sat, dua vao ma tran thyuc
nghiém (bang 3) ta c6 ng = 2 1a cac thi nghiém
s6 9,10; 7, 1a thi nghiém thir t & tam; 77, 1a gia
tri trung binh cta cac thi nghiém & tam.

Sau khi ki€ém tra mirc ¢é nghia cua cac
h¢ s0 voi sai s0O 5% va thay

X =x%— (2" +2a®)/Nvao (10) ta duoc

biéu thirc:

17=0,8262 + 0,02185x, - 0,00578x; -
0,0077xx3 - 0,0066x,x; - 0,00854X; -
0,01415 X, - 0,003258 X, (12)
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o Tu biéu thirc (10) co 10 sé hang, qua
kiém nghiém cac hé so ta QUQC biéu thirc don
gian hon (12) chi con lai 8 so hang.

3.3 Kiém dinh sy phu hgp ciia biéu thirc

Muc dich cﬁg su kiém dinh nay la dér}h
gia do chinh xac biéu thirc dugc xay dung, néu
sai 80 vugt mirc cho phép biéu thire s& khong
duogc chap nhan.

Dé kiém dinh su phu hop cua (12), ngoai
phuong sai tai sinh tinh ¢ (11) can phai tinh
phuong sai du. Phuong sai du dugc xac dinh
theo [6,7]:

1 N
s2 - = _Ah 2
du N—(m‘i‘l);(ﬂl 77|)

trong d6: N 1a s thi nghiém; m 13 cac sé hang
chtra bién con lai trong biéu thirc (12); n; 1a két
qué thi nghiém tht i; 7, 1a két qua tir biéu thirc
(12) tinh theo céc bién x;.

(13)

. Sau khi xac dinh dugc phuong sai du,
can tinh hé so6 Fisher [6], [7]:
2 S
F = 3_2
ts
~ Sau khi kiém dinh biéu thirc (12) qua h¢
sO Fisher voi d§ chinh xac 5% [6,7] ta nhén
thay biéu thuc trén 1a phu hop.

(14)

Chuyén bién x; vé bién Z; voi
X, =(Z;-2°)/AZ; vathay Z; = kp, Z, = X, Z3 =
Bs vao biéu thire (12) ta dugc biéu thirc can xay
dung:

1 = - 2,6805 + 5981kp + 1,7682\ + 3,2776B;-
2,567kpBs - 0,84941B; - 3,4156k 2 - 0,8374 12 -
0,905 B (15)

Thay cac gia tri thl.l’Cq cua kp, A, Bs da
dung lam thi nghiém vao bi€u thirc (15) va so
sanh véi két qua thi nghiém, két qua tinh toan
nhu bang 4.

Tur két qua bang 4 cho thiy sal s giira su
dung biéu thuc (15) dé tinh hiéu suét truc tiép
(1) tr cac bién sd kp, A, Bs va hiéu suét thi
nghiém (n) la tuwong d01 nho (trong cac truong

hop da xem xét sai s6 16n nhét 1a 0,41%). Diéu
nay cho thiy biéu thirc trén c6 do chinh xac
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chap nhan dugc va co thé ap dung trong tinh
chon kich thuéce chu yéu va tai dién tir ctia dong

IV. KET LUAN

Bai bao di dua ra biéu thirc dudi dang

co KDB ba pha réto 10ng séc ¢ hiéu suét cao.

Bdng 4. Két qud so sdnh n giita tinh theo biéu

tuong minh md ta quan hé gitta hiéu sudt voi
duong kinh ngoai, duong kinh trong, chiéu dai

thiee (15) va thi nghiém 16i sat stato va mat do tir thong khe hé khong
n khi cta déng co KPB ba pha réto 16ng soc cho
N° . (thi  saisd day cong suat P = 0,75 + 2,2 kW, 2p = 4. Nho
ko A Bs 175 nghizém) (%) bicu thirc ndy ma tai giai doan dau thlet ké ¢co
T oo: o024 o7 0(78132 5 [7;64 023 thi: xas: d;ph (zu’ch cac lﬂch ttAluoc cl;u }/eu ya ta;
5 0’64 0‘44 0’7 0’8036 0’8066 0’37 dy;en tu:A'co t‘he ‘thoa man kh9ng ch.lAyeu cau vé
T : b : : hi€u suat ma con dam bao 1a cac ti€u chuan ky
054 .07 .07 08452 08469 02 thuat khac. Nho vay sé tiet ki€ém thoi gian va
4,064 07 07 08606 08575 036 nang cao do chinh xac cho qua trinh tinh toan
5 054 044 082 08053 0,8036 0,21 thiét ké.
6 064 044 082 0,7899 @ 0,7909 0,13 L., . i PO
7 054 07 082 08357 08355 0,03 Voi cach nhu trén ta c6 thé xay dung
8 064 07 08 08203 08174 036 duoc cac ,blel,l tthc tu’(r?g n}lnh c6 dang nhu
9 om0 057 076 08446 08415 036 (15) cho cac day cong suat khac nhau.
10 o059 057 0,76 0,8446 08443 0,03 Két hop phuong phip xac dinh kich
11 065 057 076 08323 08292 0,37 thudc chu yéu va tai dién tir theo biéu thirc trén
12, 053 057 0,76 0,8323 § 0,8341 0,22 v&i phuong phap thiét ké day quén va mach tur &
13 059 074 076 08489 08524 041 [2] s& c6 dugc phuong phap thiét ké tuong doi
14 059 04 076 07918 07923 006 hgz‘m chinh nham néng cao hiéu suat dong co
15 059 057 084 08311 08344 04 dién KDB ba pha roto long séc.
16 059 057 068 08465 08464 0,01
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