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1. MO DAU

Trong cac thanh phin tdn hao clia déng co khong ddng bé (KPB) 3 pha réto 1dng séc thi
tdn hao dong va ton hao sét chiém ti 1& Ién va 1a d6i tugng chinh cén dugc giam nho trong tinh
toan thiét k& dé nang cao hidu sudt déng co. C6 thé tham khao ti I& trung binh cha cic thanh
phén t6n hao, theo tiéu chudn NEMA(National Electrical Manufacturers Association) thiét ké
B, nhu bang 1 3, 5]. .

Béng 1. Ti & cac thanh phan tén hao ctia dong co KDB 3pha réto 1dng séc

STT | Céc thanh phin ton hao | Ti & (%)
1 | Tbn hao ddng stato (pay) 37
. 2 Tén hao ddng réto (pey) 18
3 Tbn hao sht (pre) 20
3 Tén hao co (peo) 9
5 Tén hao phu (pg) 16

Tén hao co va ton hao phy thudng x4c dinh b{mg kinh nghle;m va phu thuoc nhneu vdo cdng
nghé ché tao. Véi _cOng nghé va vit liéu co sin, ton hao dong (stato, réto) vq tdn hao sét phy
thudc nhidu vao két cau cia diy quin va mach tir (15i sét) dugc hinh thanh trong qua trinh tinh
toan thlet ké. Do vdy, cin khao sat sir tic dong cuia cac thong s6 thiét ké dén tbn hao dong va tén
hao sit dé ¢ phwong phap thiét ké day quén va 16i sat hop li nhim nang cao hiéu suit dong co.

2. SU TAC PONG CUA CAC THONG SO THIET KE PEN TON HAIO PONG
VA TON HAO SAT

Cin cr vao quy trinh thiét ké may dién [1, 4] cac th6ng s6 thiét ké tac ddng dén ton hao
dbng va sit trong qud trinh tinh todn thiét ké co thé gdp thanh 3 nhom chinh:

- Kich thudc co ban: Cac thong s6 thujc nhém nay gdm: Pudng kinh trong 161 st stato
(D), chidu dai 151 sét tinh toan .

- Thong sé ddy qudn stato: bao g("im s6 thanh din tac dung trong mot ranh (uy), s6 vong déy
ndi tiép mdt pha (w)), tiét dién rinh stato (S;;), hé sb 1dp diy rinh (ky), kich thuéc day dén.

Véi day dén tron kich thuéce day 14 dudng kinh dy quan khong ké cach dign va ké ca céch
dién (d/d.q). Vi day dan chir nhit kich thudc ddy 1a chiéu rong va bé day cua ddy ctia ddy khéng
ké cach dién va ké ca cach dién (a x b/ ac x beg).
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- Kich thueéc rdng rénh stato va réto: Céc thong sb thuﬁcahém nay la cac kich thuoc rang,
rinh stato va réto nhu: bé réng ring stato, rto (b,;, b,); chiéu cao rﬁnh stato, roto (h;, hy); céc
chiéu rong rinh stato, réto (d, dz., dir, da;).

2.1. Kich thwéc co ban

Méi quan hé giira cdc théng sb xé4c dinh kich thudc co ban vnet du:m dang ti s6 (goi 14 hing
s may dién) [1 - 4]:

2 7
C, = D J'.n __ 6110 "
P azk k,.AB;

trong do: A: tai dudng; Bs : Mat do tir thong khe hér khong khi; ng,: téc 46 dong b cia dong co;
os, K, kg: hé 86 cung cuc tir, hé s0 dang song, hé s¢ day quﬁn Cac hé s nay thay dbi trong

. k. P
khoang hep; P =—£ .~
7. COSQ
dmh mirc ciia may va cé thé tra theo bang tiéu chuén; ky; = E/U {iic d4u tra theo duo'ng cong.

: c¢bng sudt tinh toan. V&i 1, cosq: 1a hidu suét, hé sb cong sudt

He sb sir dung may may dién dic tnmg cho viéc sir dung vit liéu tic dung c6 dang [11]:

T 1
' ' k,=— 2
"7 (2)

2.1.1. S tdc dbng ciia A va B;

Viéc chon'A va B; tac dong rit nhiéu dén kich thudc chi yéu D va |. Ngoai ra ti s6 A va By
cling tic déng dén dic tinh lam viéc va khé&i dong cia dong co KDB, vi A dic trung cho mach
dién, B; dic trung cho mach tir.

&
-S6 vong déy qufm mét pha stato trong tinh toan thiét ké duge xac dinh [1, 4];
u, Ay .
W =p4—=p4g, S — (3)
a, 1 i

trong do: p: s6 doi cue; qu: sb ranh mdt pha duoi mét cuc; ty = nD/Z;: budc ranh stato; Ly,: dong
dinh marc pha diy quén stato; u,: s thanh dan clia mét ranh.

Khi xac dinh duge wy, chidu dai mdt pha cia day quan stato duge tinh toan:
Ly =2(1+ lg).ws - (C))
trong d6: 1: chiéu dai I5i st stato; lg,: chidu dai phin d4u ndi day quén stato.
Pién tro diy quén stato:

L.
=p— (5)
. ) Sy
trong do s 1a tiét dién clia ddy quin stato.
Tén hao dbng stato: :
Pou = ml-llz-rl (6

trong d6 my, [y 1 s& pha va dong dién pha dz’iy quén stato.

Khi giam gia trj téi dudng A, theo (3), s6 vong day quédn giam. Tir (4), (), (6) cho thiy tén
hao dong stato s& giam.
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- Khi hg sb sir dung may dién ks = const hay hing s may dién C, = const néu giam gia
tri ti dudng A, theo (1), gia tri B; sé ting.

) Moémen khdi dong M, va mémen cuc dai Mgmx ti 1¢ nghich véi dién khang ngfm mach x,.
Tri s6 x, cang nhd thi My va M, cang 1on. Trj s6 cia dién khang ngan mach x, sau khi tinh
toan [1, 4]: .

o lmt A4 Y

trong do A 12 hé sb ch1 tir thong tan.

Khi thh s6 ABs khong dbi thi gla tri A cling 12 mét s6 khéng ddi. Do vay, khi A giam B;
ting trj s6 x, giam nén ning cao dugc gia tri cia mémen khéi dong va mémen curc dai.

Nhdn xétr: Khi A, B; thay ddimacuthé 1a A giam, B; ting s€ cd lyi ich §a glam tén hao
ddng stato va ning cao dic tinh mdémen cua dbng co.

2.1.2. Sw tac déng cua Dval

Khi hé s6 st dung may dién khong dbi (ks = const), tich AB; khéng dbi, tir (1) cho thiy:
khi D giam thi I ting, Khi d6 ket cau dong co sé& thon dai. Viée giam D s ¢6 tac dung:

Giam chiu dai phin du ndi day quén stato, vi chiéu dai phan dau ndi day quin stato duge
xac dinh [1, 4]:

ldn= kdl + Ty.B (8)
trong do:
_ ”(D + hrl )y
4 y = Z, &)

v6i hy;: Chiéu cao ranh stato; Z,: S6 réinh stato; y: Bude day qufin stato.
Khi chiéu dai phin ddu ndi (I4,) giam, theo (4); (5); (6), tdn hao ddng stat(’,' giam.

Tang tiét dién ranh stato (S,): Co the tham khao két qua khao sat dong co S kW, 2p=4
nhur hinh 1.

Quan hé giia tiéi dién ginh stato Selvi D
g 160 - .
£ 140 = -
& 120 -——L_\.\i——ﬂ-ﬁ“‘——i[} =1lcm
100 i i
o0 — o —_ _D=115tm
o —.HE‘——L—._‘__‘__‘ D = 12,2 crn
P e S 4
40 3
o __\—"‘_“—._#_\_‘_ 3¢ D = IL cm
[} T it
—a—D0=11cm 143 .6 137.8 129.6 119 .5
—=D=115cm 118.9. 102.7 98 5 80.2
—a—D=122cm 878 784 69 .9 62.7 .
—aeD=13cm 50.8 406 284 w07

Hinh I: Quan hé giita S, va D
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Véi mot gid trj D s& c6 mot s6 tiét dién ranh stato (S.):théa man diéu kién rz‘mg‘buf_‘)c vé
mit d¢ tir théng & rang va gong stato. Tir hinh 1 cho thiy, ho &8iic tinh S, s& bj giam dan khi D
ting.

Khi S, 16m, tiét dién ddy quén stato (sq} voi sé thanh dén trong ranh khong ddi s& 6n hon,
dién tr& ddy quan (r;) giam. Do dé6 ton hao dong stato (pc,:) gidm.

_ Mat khac khi D.nh6 thi bude ranh stato t, = nD/Z; giam. Theo (3), sb vong day quén giam
dan dén dién tré ddy quan stato gidm. Do d6 ton hao pe,, giam.

Nhén xét: Khi chon D nho, I 16n s& ¢6 kha ning giam tén hao dong stato. Tuy nhién, gié tri
| phai thoa man rang budc vé& cong nghé: Amin < AS Amax.

2.2 Théng s6 diy quén

Quan h¢ gjira cic thong s6 day quin phai thoa miin hé sb lap ddy ranh:
- Vi day din tron:
u,.n.d’,

S

trong do: S;;: ti‘é{ dién c6 ich cia ranh stato; d.y: dwdng kinh cia ddy ké ca cach dién; ki : hé sé
lap ddy, bién thién trong khodng Kigmin < Kia < Kigmax; M1: SO sgi chép.

ki = (10)

rl

- V6i day dan chir nht:

u .n.a,b
k, = Zr1 ™ ed el (n
) Sr]
trong d6: a 1a chiéu rong, by 1a bé day cia day din ké ca cach dién. o

S6 thanh dén tdc dung trong mft ranh (u,) va 50 vong ddy qucfn mot pha (w)):
Trong tinh toén thiét k&, sé thanh din tic dung ctia mét rinh duge xac dinh {l 4]:
AJ‘ Aty

’ Idm

(12)

trong d6: a,: s6 mach nhanh song song; t, = tD/Z;: buéc rinh stato.

Khi A giam, D giam thi v, gidm. Theo (3) thi w; gidm nén dlen tr& day quin stato glam Do
d6 giam duge tén hao dong stato.

Tiét dign ranh stato {(S,1) va hé s6 ldp ddy (k.

Ung véi mbi gia tri D, D va Z;, tiét dién ranh stato (Sp) co thé bién thlen trong khoang
Seimin + Srimax Vi rang budc bai mét dé tr thong & géng va ring stato. V& mat két cdu, khi tiét dién
rinh ting, bé rong ring va chidu cao gbng s& giam nén mat do tir thong & rang (B;)) va mat do tir
théng & gong (B,)) ting 1én. Khi do, téc dong dén cac thng sé nhu:

- Cuong a9 tir truong & ring (H;;) va & gong (H,y) cua stato ting 1én dén dén téng sirc tir
dong cia tur tru’orng khe h& khong khi ting 1én, dong khong tai ciing ting 1én nén hiéu suit va
cosQ giam xuong. Quan hé giita sirc tir dng ring va gong stato v&i S,y duge khao st ¢ dong co
5 kW, 2 p = 4 nhu hinh 2.
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627 608 784 878 Srl(j‘m }

Hinh 2, Quan hg giita S| va sirc tir ddng

- Tdn hao sit & ring va gong stato ting lén. Quan hé giita tdn hao sit & ring va gong stato
vai Sy duge khao sat & dong co 5 kW, 2 p = 4 nhu hinh 3.

Hinh 3. Quan hé giita S;, va tén hao sit

- Tuy Sy tdng lam B,,, B, tdng kéo theo tang tén hao sét nhung theo ¢10) hay (11) thi
duong kinh day quan (deg) hay tiét dién ddy s€ 1én hon (voi ky khong d6i) nén tdn hao ddng
(Peur) 58 glam xudng. Quan hé giira tén hao sit va déng & stato voi S, dugc khao sat & dong co 5
kW, 2 p =4 nhu hinh 4.

Tir hinh 4 cho thay, dé tén hao ddng giam thi S, ting nhay cdp theo dudmg kinh day quén
va h¢ s6 kj¢ = const.
Véi mdi gla tri cua dgg, S co thé bién thién S, = S,lmm + S,,max va trong Ung Kyg = Kigmax +

Kigmin. Khi d6 tdn hao dong stato gan nhu khong dbi, dé tén hao sit nha thi- St = Sipimin ng voi kyg
= Kitmax- Do d6 trong tinh todn thiét ké cin chix y xé4c dinh S, sao cho ki = Kigmax-
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Hinh 4. Quan hé gitra S, véi tén hao sit vi tdn hao ddng

2.3 Kich thwde ring rinh stato va réto

Khi tiét dién ranh S, = const, vi rang budc bdi mat 3 wr thong o rang va gong nén chi
cao ranh s&'bién thién trong khoang h;nmin °+' hrimax- Néu h, ting thi chiéu cao gong (h,) giam »
bé rdng cua ring (b,) ting. Quan hé nay thé hién & hinh 5.

Chiéu cao ranh (h,) tang s& tac dong: °

- Lam maét d6 tir thong & gbng (B,) ting nén sirc tr dong & gong (F,) va tén hao sit & gbr
(Pge,) ting.

- Lam mat dé tir thong & rang (B,) gidm nén ste tir déng & rang (F,) va tdn hao sit & rar
(Pre,) gidam,

Quan hé giira h, va sirc tir dng nhur hinh 6.

FlE
4
F:
rTm r=- NS T §
L I : PR
I ST L DT N\
1 I ]
r P o E \
3 | 1 I 1 1
PoL J L : (il
hr min h r hr max I
Hinh 5. Quan hé gira cic kich thuéc riinh Hinh 6. Quan hé giira h, va sirc tir dong

120



Tacé:
- Sure tr dong cua stato:
Fg=Fzs+ Fys
- Stre tir dGng cua réto:
. Fr= FzR +Fwr
- Téng stc tir dong:
Fy= Fs+Fs + Fe.
‘ Néu \hr =h, thi Fy = minF(k") nén dong tir héa giam 1am dong dién tiéu thu giam kéo theo
ton hao dong stato (pcy ) giam va cos@ tang.

Quan hé giira chiéu cao ranh stato va sic tir ddng dirge khao sat & dong co 5,5 kW, 2 p = 4
nhu hinh 7.

Hinh 7. Quan hé gifra chiéu cao ranh stato (h,;) va strc tr déng statq,

+ Quan hé giita h; va tdn hao st nhur hinh 8.
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Hinh 8. Quan h¢ gifta h;, v tén hao sit

h,
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Néu h, = h, thi ton hao sit I3 nhé nhit Pr. = Premia. Quan hé gilta chiéu cao ranh stato va tén
hao sat & stato dugc khao sit & déng co 5,5 kW, 2p =4 nhwr hinh 9,,.,,.

150_1’(“0_ o o
W s ok
14 P TPt Prgl T

T T

10 — -
100 7 f

o ‘xh ﬂ .-,-”f
‘ o 4.“_‘_'_:‘::»_\_‘_“
b D 7
1 m :
G i T T T T Y l!r!(M)l

161 164 167 17 1B 1% 17

‘ Hinh 9. Quan hé giira chiéu cao rinh stato (h,;) va tén hao sit stato

Nhdn xét) Cu méi gia tri cua chiéu cao ranh s& xac dinh dugc cac kich thude con lai coa
rang ranh (hy,’ b, ...), img véi mbi bé kich thudc khéc nhau thi suc tl.r dong va tén hao sét khac
nhau. Tir két qua khao sat & hinh 7 va hinh 9 cho thay gla tri h,=h, dé F =F,;, va P.:e Premin 13
khéc nhau. Do d6 trong tinh toan thiét ké& cn cé giai phap chon h, phii hop dé tén hao it nhit
nhém néng cao hiéu suit déng co. d

3. KET LUAN

Céc théng s thiét ké (hay cic thong s6 két cau) cé anh hudng khac nhau dén tén hao déng
- vasit cia dong co KDB 3 pha réto 1ong séc.

Trong qua trinh tinh toan thiét ké cac thon,c_?r $6 nay co su rang bude lan nhau nén cin cé sy
két hop dong b trong viéc lwa chon cac théng sb nay dé ton hao dong va sit it nhit.

Viée khao sat sy tic ddng cia céc thong sb thiét ké dén hai thanh phén tdn hao chinh cia
dong ca KDB 3 pha roto 1dng séc 1a mot budc quan trong dé ngudi thiét ké co thé dinh huong va
dura ra giai phap thiét ké day quén va 15i sat (mach tir) hgp i nhdm giam nhé tén hao ddng va sit
dé hiéu suat dong co cao hon.
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SUMMARY

THE EFFECT OF DESIGN’S PARAMETERS ON COPPER LOSS AND [RON LOSS IN
THREE PHASE SQUIRREL CAGE INDUCTION MOTORS

The design’s parameters of three phase squirrel cage induction motors can divide into three
main groups. First group are the parameters of main dimension such as inside diameter of stator
and length of iron core. Second group are the parameters of stator’s winding wire such as
number of winding wire, diameter of wire and section of stator’s slot. Third group are the
dimensions of stator and rotor for tooth and slot such as slot’s height of stator and rotor, slot’s
breadth of stator and rotor, tooth’s breadth of stator and rotor.

These parameters are interdependent relation. They can vary from min value to max value
which designer has to select. This selection will effect on different copper loss and iron loss in
three phase squirrel cage induction motors. Therefore a design process needs combine to select
these parameters so that copper loss and iron loss get min value.

The efficiency of three phase squirrel cage induction motors can be improved by using
good steels, advanced technology and good designing. However using good steels and advanced
technology have to invest more capital so the cost price per product will increase. This
®scarch’s result is important step helping designer can determine and bring out logical method
for designing winding wire and the structure of magnetic in order to improve efficient motors.
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