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LOl NOI DAU

Bo sdeh MAY DIENT adv diwge bidn 1o va ohinh i lai theo oy in €LAO
TRINIE MAY $HEN ctiar ede tde gia Vi Gia Hanh (Che biény, Frin K hdnl
Ha Phan 1w 1hy, [ Ngaven Vian San ldu Khoa Pai hoc nni cliie Treong Pai
hoo Beach Kloa cudn bdan agm 1970-1971.

Bo sich gdm e phiin dicore clia tam hai adp. Tap mdt gdm ba phin: 1. Mav
bidn dp: 2Ly thét cling cia mav didn quay: 3 My dién kdng dong bo. Fap
hai g ba phiine . Mav dign dong b6 3. Mdv dign indt chi®e 6. Mav di¢n xoay
chidu oo vanl gop. Sew mdi phin dén o6 gicd thicu s heoe mde 6 ey didn dge

hict va miy didn nho dang trong cac mach e dong va dien chinh, Phim 2, 4 va
ey dine do Vi Gia Hani bicn soan: phiin 16 do Phan ne Thy bién sogn: phin 3
o Tran Kivinh 114 bién sogn: phiin 5 do Nguyén Van Sau bidn sogn.

So verE tiin vudt ban ndm 1970-1971 trong sdcht ¢o mét 8 thay dde nine: b
AR e td doan loe cac gua rrinfl bien dot nany leong o dien rrong may dien
guav: dwa phin dav quin. stic dién dong cdm ing mach e fuc khdng tdi cia
mav dicn mr chiéie vao phan i duw 8t clhung ciar may dién xoay chida ff 1hiank
LX thavét chung ciia e dign g va ddp 6 cia cac bai 13p. Ninkng rhin dbi
iy da Tran Khdnh Ha thue luién,

Lan vuedr bdn ném 1997 do sai sor liic bign 1dp. B¢ sdch nav da chi dieng 1én
rdc gid Trin Klanh Ha, lan 1di bdn néy dd dink chinh lgi sdcl diimg 1én cde tic
gid da tham gia bien soan no,

$é thudn tién che vidge dev va hoo, sdch chi néu Ién nhumg v@n d& IV i ét
co ban san moi churong dén co niurng thi du bding s cén i€t va nhiimg ofae hoi
frong din tim hige sau thém vé I thupeé va alitng bl 1dp ting dung o6 ddp 56,
8BS sach co thé diwege ding Tam 1 fién gidng dav cho cic mreong dai hoc, cao
ddng vo fam 1 lidw dham khdo cho cde ki s, kY thuii vién quan tdm nghién cie
v dién. Do trinht &6 va thot gian ¢o han, b3 xdch chdc khéng rdank khot con
thi¢u sct. vin hoan nghénh moi sie gop ¥ ciin ban doc. Cide ¥ kién dong gop xin
gwi vé G mon Thidt bi dign-dién nv Trieong Bgai hoe Bdch Khoa Ha Nji

Cac 14c gid

VU GIA HANH - THAN KHANH HA
PHAN TU THY -[NGuvéN vEN SAU







MO bAU
0.1. CAC KHAI NIEM €O Bﬂf:

Trong qud trinh khai thac si dung cdc tai nguy2n thién nhién
phuc vu cho n&n kinh t& qudc dan, khong thé khong ndi dén sy
bi€n d8i nang lugng ti dang nady sang dang khidc.

Cac may thuc hién sy bién d8i co nang thanh dién nang hodc
nguoe lai goi 1A cdc may dién.

Céc mdy didn bi&n cg nang thanh dién nang duge goi 1a mdy
phét dién vA cac mdy dién dung df bign dé: nguoc lai duge goi la
dong co dign. CAc m4ay dién dBu od tinh thuan nghich, nghia 1a cd
thé bi¢n d48i ndng lugng theo hai chidu. N&u dua co nang vao
phan quay clla may dién nd lam viéc & ch& d6 mdy phét; n&€a dua
dién nang vao thi phain quay cis may s& sinh ra céng co hoe.

May dién la mdt hé dién tis gdm cé mach tit va mach dién lidn
quan véi nhau. Mach tit gdm cdc b6 phdn d&n tir vA khe hd
khong kh{. Cdc mach dién gbm hai hodc nhi2u day qudn cd thé&
chuyén ddng tuong d6i véi nhau ciang vdi cdc bd phin mang
ching.

Su bién ddi co dién trong mdy dién dua trén nguyén Iy v& cdm
ing dién tir. Nguyén Iy nay cing dat cd 36 cho sy lam viéc cua
cAc b6 bi&n d8i cAm dng dung d€ bién ddi dién nang v4i nhing
gia tri cia thong s nay (dién 4p, Qong dién...) thanh dién ﬁang
vfii nhitng gid tri cia thong s6 khdc. Mdy bién ap la mét bé bign
ddi cam dng don gidn thudc loai nay, ding d€ bién ddi dong dién
xoay chigu tir dién 4p ndy thanh dong dién xoay chi®u ed dign 4p
khac. Céc day quén va mach tif cia né ding yén va qué trinh
bi&n d8i tit trudng dé sinh ra sdic dién dong cAm Ung trong cdc
diy gqudn duge thuc hign bdng phuong phap dién,

Mdy dién ding lam mdy bién déi nang lugng la phin ti quan
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trong nhit cﬁa bdt cud thiét bi dién nang nao. N6 dudc su dung
rOng rai trong cong nghiép, noéng nghiép, giao théng van tii, cac
hé didu khi€n va tu déng digu chinh, khéng ché...

May dién c¢ nhigu loai, co thé phéan loai nhu sau:

May ding yén: msy bién ap.
. May dién quay : Tuy theo ludi dién cd thé€ chia lam hai loai:
mdy dién xoay chidu va may dién moét chidu.

May di¢n zoay chigu c6 thé phan lam mady dién dong bo, may
dién khéng dong by vad mdy dién xoay chidu cd vanh gdp.

0.2. CAC DINH LUAT THUONG DUNG
DE NGHIEN CUU MAY DIEN

Trong khi nghién cdu may dién, ta thudng s dung cdc dinh
lust sau:

1. Dinh luét v cam Ong dién tir. D(nh -iuét Faraday

Trong céc thi€t bj dién ti, dinh luat nay thuong duge viét dudi
dang Maxwell :
do

dt
Didu 46 ndi rdng: mot sy bién thién cia t8ng tit thong mdc.
ving mdt mach dién =6 tao ra mét sdc dién dong ty 18 vai dao
ham cia t8ng tit thong bi€n thién dd.
Cing cd thé vist dudi dang:
= Blv
trong d¢ v la t8c 49 chuyén dong cia mot thanh dén | ndm trong

ti trudng cd tU cdm B vudng gée voi chléu chuyén dong cta
thanh dén d¢.

2. Dinh lujt toadn dong dign ,

Dinh lugt nay dugc dién t nhy sau:’
. ¢$HA=3i=F



Tich phan vong cia cudng do tir truong theo mot dudng khép
kin bat k¥ quanh mot s8 mach dién bing tdng dong dién trong
cdac mach. F chi gia tri cia sic tir dong téng tac dong lén mach
tir dd.

3. Dinh luét vé lye dién tir. Dinb ludt Lapiace

Day 1a mot dinh luat cho ta tri a8 cta lue dfy, tdc dung trén
mot don vi dong dién idl dat & di€m M cd tir cam By, Lyc nay
bing tich vectd clia vecto don vi dong dién v6i vecto tit edm:

Lyc téc dung trén doan day din mang dién.nidm trong mot tit
trudng bang:

!
f = [ Bisingdl

3]
trong dd p 1d gde giita vecto ti cdm B v6i vecto dong dién i
Néu tu truong deu va day din thdng, ta cé:
f = Blising

4. Ning lugng trudng dién to

Nang huong tdng trong mot thé tich tit trudng cd 4 khéng d6i
bing:

uH? 1,
W= —dV = — L
2 2

Trong trudng hdp nay, Li = ¢ chi tir thong mde vong bdi dong
dién 1 va L 13 ti¥ cAm cua cudn day. :

N&u thigt bi dién tit ¢d hai hodc nhigu mach dién ¢d hé cdm
dién tit thi nang lugng dién tit cha hai mach dién hd cdm bAng:
2 . 2 . 2

Wy, =1J 'qu v = Lzlll ot L2212 + My,
Cé thé dung phuong phédp téng qudt va thdng nh&t dua trén
cd sd cia phép tinh tepxo va ma trén d€ nghién cdu, phan tich




tat cA cdc leai may dién.

T4t cA cdc phuong trinh cadn baAng dién 4p cha cdc loai mdy
dién dugc bi€u thi theo dinh luat Krirhdff bAng mot phuong trinh
ma trdn cd dang:
u=7z
trong dd: u - vecto dién Ap cd cdc thanh phin blng céc dién ap
dat vao cdc mach dién tudng dng vdi cdc ddy quéin clia mach
dién. ‘

i - vecto dong dién cé cdc thanh phén dong dién chay trong
cdc mach dién -

X - ma trn tdng tré.

Mobmen dién tif sinh ra trong mdy dién sé bang:

M=k|¢x1| _
trong d6 ¥ : - vecto tit thong mde vdng cd cde thanh phin bdng
tit thong do céc day quin sinh ra. '

0.3. SO LUQC VE CAC VAT LIBU CHE TAO MAY DIEN

Céc vat litu dung d€ ch& tao may dién cd th€ chia lam ba loai:
vt lidu tdc dung, vAt liéu k&t cfu va vat liu cach dien.

1. Vit ligu the dung

Dd 1a vat liéu dén tif vaA ddn dien. Cdc vat lidu nay dugc dung
d€ tao ditu kitn chn thist sinh ra cdc bi&n dd8i dién tin

a. Vét ligu din tir. D& ch& tao mach tir cia may dién, ngudi ta
diing cdc loai thép tit tinh khac nhau nhung chii y&u 12 thép 14 ky
thuat dign, cd bam lugng silic khdc nhau nhung khoéng vuot qua
4,5%. Ham luong silfc nay ditng d€ han ch€ tdn hao do tit tré va
tang dién tré clie thép d€ gidm tén hao do dong dién xody. Ngudi
ta hay sit dung cc 14 thép day 0,35 mm dung trong mdy bién ap
va 0,6 mm duang trong may diégn quay, ghép lai lam 16§ sat dé
gidm t8n hao do déng dién xody gAy nén. Tuy theo cdch ché tso,
ngudi ta phAn thép k¥ thuat dién lam hai loai: cdn ndne va can
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ngudi. Loai sau c6 nhiing dac tinh tu tét hon nhu dd tir thidm cao:
hon. tn hao thép it hon loai cdn ndng. Thép 14 cdn ngudi lai
chia lam hai loai: ding hudng va vé huéng. Loai dang huéng cd

dac di€m 12 doc theo chidu cdn thi tinh nang tit tinh t6t hon hin

s0 v6i ngang chidu cdn, do dd thudng dugc dung trong mdy bi&n

ap; con loai vo hudng thi dac tinh tit d2u theo moi huéng nén

thutng duge ding trong may dién quay.

b. Vit liéu dén dién. Thudng dung déng. Ddng diung lam day
dan khong duge cd tap chdt qud 0.1%. Dién trd sudt cua ddng d
20°C la p = 0,0172 Q.mm?%m. Nhom cing duge diang rong
rai lam vat lieu din dién. Dién trd sudt cita nhém g 20°C la
p = 0,0282 Q.mm*im, nghia 1a gdp gan 2 lan dién trdé sudt clha
dong.

2, Vit liéu két céu

Cdac vat liéu nay dung dé ché tao cdc bd phan va chi tigt
truyén dong hoac két ciu cia may theo cac dang can thiét, ddm
bao cho may dién lam viéc binh thudng. Ngudi ta thudng dung
gang, thép, cac kim loai mau, hgp kim va cdc vat lidu bang chit
déo.

3. Vat liéu cach dién

Dé cach dién cdc b phan mang dién vai cdc bo phan khong
mang dién cla mdy, nguii ta dung vat lidu cach dién. Nhiing vat
liéu nay doi hoi phai co dé ban dién cao, d6 dAn nhiét tdt, chiu
am, chiu duge héa chdt va cd 45 bén co nhit dinh.

V1 cac vat lieu cach dién chiu nhiét kém nén ngudi ta chia vat
iieu cach dién lam 7 cdp theo nhiét d§ lam viéc cho phép cua
chung.

Cédp céch diégn I Y A E B F H C

Nhigt dé lam viéc
cho phép °C 0 1056 120 130 155 180 >180



Khi may lam vige, do tdc ddng cna nhigt do, chdn dong va cac
tdc dong hda Iy khac, cach didn sé8 bj lac hda, nghia 14 mat dan
cdc tinh ban vé dién va co. Thuc nghiém che bist, khi nhiat 46
tang qud nhiét dé lam viée cho phép 8 ~ 10°C thi tudi tho cia
vat lidu cdch dién giam di mét nira. O nhiet d6 lam viéce cho
phép, tudi tho cua vt lidu cach dién vao khoing 15 ~ 20 nam.
. Vi vay khi sit dung may dién, tranh d€ mdy qud tai lam nhiét do
tang cao trong mét thoi gian dai.
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Chuong 1
KHAI NIEM CHUNG VE MAY BIEN AP

1.1. DPAI CUONG

D& dén dién tit cac tram phat dién d&n ho tiéu thu cin phai
cé dudng day tai dién (hinh 1-1). N&u khoang céch gilta noi san
xuflt dién vi ho tidu thd lon, moét vaAn d2@ rét lon dat ra va cln
duge gidi quy&t 1a : viée truyén tai dién nang di xa lam sao cho
kinh t& nhét.

3
Mady phal dién o fiéu thu
: : j E ' Buong day -
May bién gp May bién ap
: léng ap giam ag

Hinh 1-1. 56 dB mang truydn tdi dién don gidn

Nhu ta da biét, cing mét cong suit truydn tai trén dudng day,
néu dién dp dugc tdng cao thi dong dién chay trén dudng day sé
gidm xuéng, nhu vay cdé thé lam tiét dién day nho di, do dd trong
lugng va chi phi day din sé& giam xudéng, ddng thoi tén hao nang
lugng trén dudng day ciing gidm xudng. Vi thé mudn truyda tai
cong sudt 1dn di xa, [t tén hao va tiét kiém kim loai mau, trén
dudng day ngudi ta phai dang dién 4p cao, thudng la 35, 110,
220 va 500 kV. Trén-thuc t&€, cac mdy phat dién khéng cd kha
nang phat ra nhirng dién ap cao nhu vay, thudng chi tit 3 dén 21
kV la cung, do dd, phai cd thiét bi d€ tdng dién 4p d dau dudng
day 1én. Mat khac céc ho tiéu thu thudng yéu cau dién 4p thip,
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tir 0,4 dén 6 &V, do dd tdi diy phai cd thidt bi gidm dién ap
xuong. Nhing thidt bi dung d€ tang dién d4p d dau ra cha may
phat dién, tic & dau duong day ddn dién va giam dién ap khi téi
cdc ho tiéu thu, tite la & cusi dudng day dan dién goi 1a cac may
bién d4p (vigt tat la m b.ar. Thyc ra trong hé théng dién luc,
mudn truyén tadi va phan phdi c¢ong sudt ti nha may dién dén tan
cde ho tiéu thy mot cach hop 1y, thuong phai qua ba, bén lan
tang va giam dién ap nhu vay. Do dd tdng coéng sudt cha cdc m.
b. a trong hé thiéng dién lyc thudng gip ba, ban l&n céng sudt
cua tram phat dién. Nhing m.b.a dung trong hé théng dién lue
goi 1a m.b.a dién luc hay m.b.a cong sudt. Tir dd ta cing thdy 16,
m.b.a chi lAm nhiém vu truy®n tdi hoac phan phéi nang lugng
chd khong phai l1a bién hda niang lugng.

Ngoai m.b.a dién lue ra con ¢d nhidu loai, m.b.a ding trong
cac nganh chuyén mén nhu: m.b.a chuyén dung cho cdc 1d dién
luyén kim; m.b.a. han dién; m.b.a duang cho cac thiét bi chinh huu;
mb.a dung che do ludng. thi nghiém...

Khuynh huéng phdt trién clia m. b.a dién luc hién nay la thiét
ké& chf tao nhlirng m.b.a ¢ dung luong that 16n, dién ap that cao,
dung nguyén liéu mdi d€ gidm trong luong va kich thude may. Ve
vat lidu hién nay da dung loai thép can lanh khéong nhing ¢6 tu
tinh t6t ma t8n hao sat lai it, do d6 nang cao dudgc hiéu sufit cla
m.b.a. Khuynh hudng dung day nhém thay day dong vua tiét kidgm
duge don,g viia gidm ducge trong lugng may cing dang phat trién.

O nudc ta, nganh ché tao m.b.a da ra doi ngay tit ngay hoa
binh lap lai. D&n nay ching ta d4 san xuat dugc mot khdi lugng
m.b.a kha 18n v&i nhidu ching loai khac nhau phuc vu cho nhigu
nganh sap xudt 4 trong nudc va xudt kh#fu. Hién nay ta di san
xudt duge nhiing mba dung lugng 25000 EVA vdi dién 4p 110 &V,

1.2. NGUYEN LY LAM VIEC CO BAN CUA M.B.A

Ta hay xét s dd nguyén 1y cia mdt m.b.a v& trén hinh 1-2.
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DAy la m.b.a mét pha hai
day quin. Day qudn I cd w
vong day va day qufin 2 ¢6
w, vong day dudc quin trén
16i thép 3. Khi dat mdt dién
4p zoay cthiPu u; vao day
gquén I, trong dd sé& cé dong
dién i;. Trong 156i thép sé
sinh ra tif thong & mdc vong
vOi cd bai day quédn I va 2,
cAm ung ra cdc s.d.d e, va e, Day qudn 2 cd s.d.d sé sinh ra
dong dién i, dva ra tai vdi dién ap la u,. Nhu vay ning lugng
cia dong dién xoay chigdu di dugce truyén tit day quan I sang day
quén 2. '

Gia thi dién ap xoay chidu dat vao 12 mdt ham s4 hinh sin,

- thi tir théng do nd sinh ra cing 12 mot ham =6 hinh sin :

¢ = ¢ sinwt (1-1)
Do dd theo dinh fuat cdm dng dién tir, s.d.d cam dng trong
cdc day quiin I va 2 s la:

Hinh 1-2. Nguyén [y {dm viéc cia mba

_ do : dd_sinwt © ;
el = . wl.—_— = - Wl-_—-—-—- = - W!w mCOS'UJ
dt dt
g
= \/ 2E,sin(wt e ) {1-2a)
dd de_sinwt
e, = wz_d_t = - sz = - wood® coswt
. JT
= \/2E sinwt - 7 (1-2b)
trong dg: '
ww, D 2nfw O ‘
E, =—at" = 21" _ gufee, (1-3a)

vZ V2
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‘wwyd  2afw,d
R A
la gia tri higu dung cva cic s.d.d day qudn I va day quéin 2.
Céac bifu thiie (1-2a,b) cho thdy s.d.d cdm dng trong day
quin cham pha véi tir théng sinh ra né mét goc % .

= 4,44 fw, @ (1-3b)

Dya vao cdc bi€u thic (I-3a,b), ngudi ta dinh nghia ty s bign
ddi etia m.b.a nhu sau:

= = L _ (1-4)

U, = E;; U, = E,, do d6 k duge xem nhu la ty a8 dién 4p gila
diy quén I va 2

Ul
ko=t = ot (1-5)
U2

1.3. DINH NGHIA

Tit nguyén 1§ lam viéc co ban trén ta c6 th€ dinh nghia mba
nhu sau: M.b.a la mt thi&t bi dién tit ddng yén, lam viéc trén
nguyén Iy cAm dng dién ti, bién d8i mot hé thdng dong dién xoay
chigu & dién #p ndy thanh mdét hé thdng dong didn xoay chiu &
dién ap khac, voi tidn s6 khong thay déi.

Mb.a cé hai ddy quin goi 1a m.b.a hai diy quén. D4y quéin néi
véi ngubn d€ thu nang lugng vao goi la diy quén so cdp. Day
quéin ndi vdi tai d€ dua nang luong ra goi la day quén thd cép.
Dong dien, dién dp, cong sufit... cha ting day quén s& cd kém
theo tén goi so cdp va thu clp tuong vung (vl du dong dién =g cAp
I,, dién dp thd cdp U, ..). Day quéin cd dign dp cac goi la day
quén cao 4p (viét tat 1a CA). Day qudn cé dién dp thdp goi 12 day
qufn ha dp (vist tat 1a HA). Né&u dién ap thd cdp bé hon dién &p
80 cdp ta co m.b.a gidm dp, néu dién ap thd cip 16n hon dién 4p
sd cp ta ¢d mb.a ting 4p.

15
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O m.b.a ba diay qudn. ngo#i hai day quan so cAp va thu cap
con co day quan thid ba vai dién ap trung binh 1viét tdt ta TA).
M.b.a bi&n d6i hé thong dong dién xoay chidu mét pha goi la
m.b.a mot pha; m b.a bién d6i hé théng dong dién xoay chiéu ba
pha goi la m.b.a ba pha. M.b.a ngam trong dau goi la mbla dau:
m.b.a khéng ngam trong dau goi {4 m.h.a kho.

1.4. CAC LUONG DINH MUC

Cac lugng dinh mudc cia m.b.a qui dinh digu kién ky thuat cda
mdy. Cdc lugng nay do nha mdy ché tao gui dinh va thudong ghi
trén nhan mba. 7

1. Dung lugrg hay céng sudt dinh -mic S, la cdng suit toan
phan thay bigu kién) dua ra ¢ day:quén thd cdp cua mhba, tinh
bang kiléo von-ampe (kVA} hay von-ampe (VA).

2. Dién dp déy so cdp dink muc U\, 14 dién 4p cua day quan
s0 cdp tinh bang kildvén 18V hay von V). Néu day qudn so cdp
¢6 cac diu phan nhanh thi nguai ta ghi ca dién ap dinh muc caa
. ting dau phén nhanh.

3. Di¢n dp day thi cdp dinh mic U,,  -la'dién ap day cia day
qudn thd cdp khi m.b.a khong tai va dién d4p dat vao day quén so
cap la dinh muc, tinh bang &V hay V.

4. Dong dién day dinh nuic so cap I, va thu cip Iy, la
nhitng dong dién day cta day quéin so c8p va thit cdp Wng vai
cbng sudt va dién d4p dinh muc, tinh bdng ampe 14) hay kild
ampe (kA). Cd thé tinh cic dong dién nhu sau:

Ddi v8i m.b.a mOt pha:

S, _ '
Ildm = dm 3 Ide -_——-ﬁ]— o (1-63.'
lden e Adm
Déi vai-m.b.a ba pha:
- 'Il;.fm = Sdm  lagm = Sdm ‘ : t1-6b} .
g MmUY T ue Syl o

Zldm -
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5. Tan s6 dinh mic f;,. tinh bang Hz Thudng cdc m.b.a dién
luc cd tan s6 céong nghiép la 50 Hz.

Ngoai ra trén nhan cia m.b.a con ghi nhitng s liéu khac nhu:
56 pha m; so dd va t8 ndi day qudn; dién dp ngan mach u, %; ché
dd lam viéc (dai han hay ngin han); phudng phdp lam lanh v.v...

Sau ciing nén hi€u ring, khai niém "dinh muc” con bao gom ca
nhitng tinh trang lam viéc dinh mifc cta m.b.a nita, ma <6 thé
khong ghi trén nhan may nhu: hiéu suat dinh mudc; dé chénh
nhiét dinh muc; nhiét d6 dinh mic cia mai trudng xung quanh,

1.5. CAC LOAI M.B.A CHINH

Theo ¢dng dung, m.b.a ¢6 thé gdom nhitng loai chinh sau day:

1. M.b.a dién lyc diung dé truydn tai va phan phdi cong sudt’
trong hé thong dién luc.

2. M.b.a chuyén ditng dung cho cde 1o luyén kim. cho cac thiét
bi chinh luu; m.b.a han dién:...

3. M.b.a tu ngdu bién ddi dién ap trong mdt pham vi khéng
Ion l[dm dung dé md may cac doéng co dién xoay chiéu.

4. M b.a do luong dung dé gidm cac dién ap va dong dién ldn
d€ dua vao cdc dbng hd do.

5. Mb.a tht nghi¢m dung dé€ thi nghiém cdc dién ap cae.

M.b.a co rdt nhidu, song thuc chit cdc hién tugng x4y ra trong
ching déu gidng nhau. D& thuln tién cho viéc nghién citu, sau
day chd yéu ta sé xét dén m.b.a dién luc hai day quidn mot pha
va ba pha. Cac m.b.a khac sé dugce nghién ciu trong Chuong 7.

1.6. CAU TAO M.B.A

M.b.a ¢ cac bé phan chinh sau day; 16i thép, day quin va vd
may.

1.6.1. Loi thép |
Loi thép dung lam mach ddn tif, dong thoi lam khung d€ qufin
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day quin. Theo hinh ddng 18i thép, ngudi ta chia ra:

- Mb.a kifu 13i hay kiéu try (hinh 1-3): Day qu&n bao quanh
try thép. Loai nay hién nay r&t thong dung cho cdc m.b.a mét
pha va ba pha ¢6 dung Iuong nhd va trung binh.

Hinh 1-3. Mba ki#u |13 a. mé&t pha: b. ba pha

- M.b.a kidu bge (hinh 1-4): Mach ti¥ dugc phan nhanh ra hai
bén va "boc" 18y mot phin day quin. Loai ndy thudng chi dung
trong mdt vai nganh chuyén moén dac biét nhv m.b.a dung trong
16 dién luyén kim hay m.b.a mét pha cong sudt nhé diung trong

k¢ thust v6 tuyén dién, &m thanh v.v...

O cdc m.b.a hién dai, dung lugng lén va cuc lén (B0 + 100

MVA trén mét pha), dién dp that
cao (220 + 400 kV), d€ giam chidu
cao clia tru thép, tién lgi cho viéc
vAn chuyén trén dudng, mach ti
cia m.b.a ki€u tru dudce phan
nhdnh sang hal bén nén m.b.a
mang hinh dang vita kiéu tru, vita
" ki€u boc, goi la m.b.a kiéu tru -
boc. Hinh 1-5a trinh bay mot kigu
m.b.a tru - boc ba pha (trudng hop
nay cd day quén ba pha, nhung cd
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yam tryu thép nén con gei 14 m.b.a ba pha nam try).

Lasi thép m.b.a gdm cd hai phin: phln tru - ky hiéu bing chit
T v3 phin géng - ky hiéu bing chd G (xem hinh 1-3). Tru l1a
phin 16i thép cd quin day quén; gong la phan 16i thép ndi cdc tru
lai véi nhau thanh mach tir kin va khong cd day quén (d6i vai

b) a)

Hinh 1-8. Mba kifu try boe: a. mét pha vid b. ba pha

m.b.a kigu boc (hinh 1-4) va ki€u try boe (hinh 1-5), hai tru thép
phia ngoai cing deu thutc v& géng). D€ gidm t6n hao do dong
dién xoay gay nén, 16i thép dugc ghép tit nhing ld thép k¥ thuat
-dign day 0,35 mm c6 phi son cach dién trén b® mat. Tru va géng
¢ thé ghép v6i nhau bang phuong phap ghép ndi hoac ghép xen
ké. Ghép ndi thl tru va gong ghép riéng, sau d6 dung xa ép va
buléng vit chat lai (hinh 1-6). Ghép xen k& thl toan b i6i thép
phai ghép ddng thai va cdc 16p ld thép duge x8p xen ké v8i nhau
ian lugt theo trinh tu a, b nhu & hinh 1-7. Sau khi ghép, 18 thép
cing dugc vit chdt bing xa ép va bulong. Phuong phdp sau tuy
phie tap song gidm duge tdn hao do dong dién xody gAy nén va
rdt bén v& phuong dién co hoc, vi th€ hiu ht cic m.b.a hién nay
deu dang ki€u ghép nay..

Do dAy qufin thuémg quén thanh hinh tn’}n, nén tiét dién
ngang cia tru thép thudng lam thanh hinh béc thang gan trén
(hinh 1-B). Gong tit vi khdng quén day, do d6, d§ thuan tién cho
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n o a T b
Hinh 8. Ghép rdi 14i thép Hinh 1-7. Ghép xen ké [§i
mba thép mba ba pha

viéc ché€ tao, tiét dién ngang cta géng o thé lam don gian: hinh
vudng, hinh chi thap hoac hinh chit T (hinh 1-9)

Vi ly do an toan, toan bo [6i thép dugc néi dat vdi vé may va
vé may phai duge néi dat.

a) b} c)

Hinh 1-8. Tiét dién coa try thép Hinh 1-9. Céc dang tiét didn
cua géng td

1.6.2. Déy quén

Day quin 1a bo phdn din dién cia m.b.a, lam nhiém vy thu
nang lugng vao va truyén nang lugng ra. Kim loai lam day quén
thudng bing ddng, cing ¢ thé bang nhéom nhung khong phé
bién. Theo cdach sdp x&p day quin CA va HA, ngudi ta chia ra hai
loai day quén chinh: day quin déng tam va day quén xen ké.

1. D8y quéin ddng tam: O day qudn ddng tam ti&t dién
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ngang la nhitng vong trén ddng tAm. Day quin HA thudng quin
phia tfong g4n tru thép, cdn day qudn CA quén phla ngodi boe
ldy day quin HA (hinh 1-3). Véi cdoch quidn nay cd th€ giam bdt
duge digu kién cich dién cla day quin CA (kich thuwéc ranh dau
cdch dién, vat liéu cach dién dAy quin CA) bdi vi gitia day quén
CA va tru da od cdch dign ban than cia day quin HA.

Nhing ki€u diy quén ddng tdm chinh bao gbm:

a. Ddy qudn hinh tru: N&u tigt dign day nhd thl dung day tron,
quén thanh nhidu 16p. (hinh 1- 10b}); né&u tiét dién day 16n thi
ding day bet va thudng qufin thanh hai 16p (hinh 1-10a). Day

LX)

o
DO OO0 OO

DO DOD GG

[=1%)
5O

a) b)

Winh 1.10. Ddy qun hinh try a. dy trdn mhidu tdp vaA b. ddy bet hai 1p

quin hinh tru dé&y tron thudng lam dAy quin CA, dién 4p téi
35 kV; day qufn hinh tru day bet chu y&u lam day qudn HA v6i
dién dp ti 6 AV tré xulng. Noi chung day quén hinh tru thudng
dung che cdc m.b.a dung lugng 560 AVA trd xudng.

b. Ddy quidn hinh xodm: GBm nhi2u day bet chdp lai qudn theo
dubng x04n 8¢, gilta cac vong day cé ranh hd (hinh 1-11). Ki6u
nay thudng dung cho day quan HA cda cdc m.b.a dung lugng
trung binh va lan.
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¢) Doy gudn xody ¢ lién tuc: 1am bang ddy bet va khac vai day
quéin hlnh x04n & ché, day qudn nay duge quin thanh nhitng
bénh day phédng cAch nhau béng nhitng ranh hd (hinh 1-12).
Béng cdch hoAn vi dac biét trong khi quén, cdc banh day ducc
néi ti€p mot cich lidp tuc ma khong cin méi han giita ching,
cing vi th& ma day quin dugc goi }a xody 6c lién tuc. Day quén
nady chi y&u ding lam cudn CA, dien ap 35 &V trd 1én va dung

lugng lon.

e

B '\“n:mn

Minh 1-11. D&y quin hinh xodn Hinh 1-12. DAy quin xgdy &c 1I8n tuc

2. DAy qufin xen ké: Céc banh day CA va HA 18n lugt xen
k& nhau doc theo tru thép (hinh 1-13). Chn chi ¥ rang, d€ cach
dién dugc d& dang, cac banh day sdt géng thuong thudc day quén
HA. Ki€u day qufn ndy hay ding trong cdc m.b.a kiéu boc. Vi
ch& tao va cAch dign khd khan, kém vitng chAc ve co khi nén céc
m.b.a kifu tru hBu nhu khéng dung ki€u day qudn xen ké.

1.8.3. V6 méy

V6 mdy gdm hai bd phan: thing va ndp thing.

1. Thang m.b.a: thiing may lam bang thép, thudng 1a hinh
bAu dyc. Lic m.b.a 1am viéc, mOt phlin ndng lugng bj tidu hao,
thoét ra dudi dang nhiét d6t ndng 16i thép, day quén va cdc bd
phan khédc lam cho nhiét do¢ cia ching tang lén. Do dé gifia mb.a
vh mdi trudng xung quanh c¢é mot hidu s6 nhiel 4o gei la d¥
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chérnh nhi¢t. N&u do chénh nhiet
46 vuot qud mnic quy dinh sé lam
gidm tudi tho cach dign va cd thé e
ghy su cd d&i vdi m.ba. D€ bdo  pmmpm
da4m cho m.b.a. van hanh véi tai
lién tuc trong thdi gian qui dinh ¥
{thuting 1a 15 dén 20 nam) va il
khong bi sy cd, phai tang cudng

lam lanh bing cdch ngam m.b.a.

trong thing d3u. Nho syt di luu  MWinh 113 Ddy quéin xen ks
trong du, nhidt truydn tir cdc b -

phan bén trong m.b.a. sang dau, rdi tit ddu qua véch thing ra
moi trudng xung quanh. Lop diu sat vdch thing ngudi dan sé
chuyén déng xudéng phia dudi va lai tifp tuc lam ngudi mot cdch
tudn hodn cdc bd phdn bén trong m.b.a. Mat khéc, diu m.b.a. con
lam nhiém vy tang cubng cdach dién.

Tity theo dung lugng m.b.a. ma hinh déng va két cfu thiung
dAu ¢d khdc nhau. Loai thing diu don gidn nh&t la thing dBu
phdng thudng ding cho cdc m.b.a. dung lugng tit 30 kVA trd
xudng. DGi vai cac m.b.a. ¢ trung binh va lén, ngudi ta hay dung
loai thing d8u cd 6ng (hinh 1-14) hoidc loai thing o6 bd tAn nhiet
{hinh 1-15).

byt g |l

.
Hinh 1-14. Thong d!q Ky Eng Hinh 1-18. Thing dlu cé bY tdn nhidt
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o nhﬁng m.b.a. dung
luong d&n 10.000 kVA, ngudi
ta ding nhing b§ tan nhist
¢S thém quat gid d€ tang
cudng lam lanh (hinh 1-16).
'O cdc m.b.a. ding trong
tram thiy dién, diau duge
bodm qua mot hé théng 8ng
nudc d€ tang cudang ldm
lanh.

2. Nap thung: dang d¢
day thiung va trén dd dat ciac
chi tigt may quan trong nhu:

- Céc sd ra cia day quén CA va
HA: lam nhigm vu cdch dién gita
day dfin ra véi vé may. Tuy theo
dién dp cia m.b.a. ma ngudi ta
ding su cach dién thu¥ng hoac cd
dau.’ Hinh 1-17 vé& mét s ra 35
kV ¢d chda dBu. Dién 4p cAng cao
thi kich thudc vA trong lugng sd ra
cang ldn. '

- Binh gisn d2u: 1A mot thing
hinh tru bing thép dat trén nip va
‘néi voi thung biing moét &ng dén
d2u (hinh 1-18). D€ bao dam dau
trong thiung ludn ludn day, phai
duy tri diu & mét mdc nhét dinh
nao d4y. Diu trong thiing m.b.a,
thong qua binh gidn dau giin nd
ty do. Ong chi muc diu dat bén
canh binh gian dau dung d& theo
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ddi mudc dau bén trong.

- Ong bao hiém: 1am biang thép, thudng 12 hinh tru nghiéng.
Mot d3u néi vai thing, mot dau bjt bAng mot dia thuy tinh (hinh
1-18). N&u vi mot ly do nas dd, 4p suflt trong thung tang 1én dot
ngot, dla thiy tinh sé& v&, dAu theo d6 thodt ra ngodi d€ m.b.a
khéng bi hu héng.

Hinh 1-18. 1. Binh gidn diu; 2 va Gng bdo hiém

Ngoai ra trén ndp con dat by phan truydn déng ctia clu dao
d6i néi cac dan dicu chinh dién 4p cta dav qu&n CA.
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Hinh 1-19. Mb.a d3u ba pha
1 thép din tw; 2. méd sét ép gbng; 3. ddy quin dign Ap thdp (KA}

4. ddy quin didn 4p cao (CA) 5 Sng din ddy ra cla CA; B) Sng dén diy ra
cia HA; 7. cllu dac d8i ni 0 trong cla céc diu phin nhénh d§ didu chinh
dign &p cda ddy quin CA; 8. bd phén truyBn déng cya clu dac déi nfi
9 sU ra cla CA 10 sUra cia HA; 1. thing dBu iflu 8ng; 12. 8ng nhip day
- 13 quai d& nfng rudt méy ra; B. mit bich d& ndi véi bdm chén khéng;

15, dng ¢6 mang bio hifm; 1. rd le hoi T7. binh gidn diw 18 gia dd goc &
day thing diu; 19. bu Iang doc d€ bdt chat ma sdt ép gong; 20. banh xe
I&n; 21 8ng x& diu
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CAu hdi

1. Mhbala gl ? Vai trdo cia m b.a trong hé théng dién luc ?
K&t edu cia m.b.a ra sao ? tdc dung cua titng bo phan trong
mba ? 7

2. Trén m.b.a thudng ghi nhiing lvong dinh mic naoc ? Y
nghia ciia ting lvgng dinh mde, vi du: S4m bifu thi cong sudt gi,
phia nao ? U,, 14 dién ap ung vdi tinh trang nao cia mba ?

Hay tinh cdc dong dién dinh mtc clia m¢t mb.a ba pha khi bist
céc s6 litu sau day: 8, = 100 kVA; U, /Uy, = 6000/230 V.

Dép 56: g, = 962 A lyqm = 2514
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Chuong 2
TG NOI DAY VA MACH TU CUA M.B.A

D& m.b.a ba pha cd th&€ lam viéc duge, cdc day quidn pha so
cép hodc thi cdp phai duge ndi vdi nhau theo mdt qui luat nhit
dinh. Ngoai ra, sy phdi hgp ki€u néi day quén so cip vdi ki€u ndi
dAy quédn thid cAp cing hinh thanh cdc t8 n6i day quin khac
nhau. Hon nita, khi thist k&, viéc quyé&t dinh ding té néi day
quén ctling phai thich ng véi kidu két cfu clia mach ti dé trénh
hhfrng hién twong khong tét nhu: s.d.d pha khong sin, t6n hao
phu tang v.v..

Trong chuang nay ta sé lan lugt xét cac loai t8 néi day va

. mach tit, ddng thai xét cac hién tugng xay ra khi tir hoa 15i thép

v& néu lén cdch tinh todn v® mach tit cia mb.a.

2.1. TO NO1 DAY CUA M.B.A

Trudc khi nghién otu t8 ndi day cia m.b.a, ta hay xét ky hiéu
cac dau dAy va cdch dfu cac day quén pha vai nhau.

2.1.1. Céch ky hidu diu day

Cac dau tin cung cia day quén m.b.a, mdt dau goi la diu dau,
dau kia goi 12 diu cudi. D& v4i day quidn mét pha cd thé tuy y
chon diu dau va diu cudi. D& voi day qudan ba pha, céc dau dau
va diu cudi phai chon mét cach th8ng nh4dt : gid thd day qudn
pha A da chon diu diu dén diu cudi di theo chidu kim d3ng hbd
thinh 2-1a) thi day qu&n cdc pha B, C con lai ciing phai duge
chon nhu vay (hinh 2-1b va ¢). Digu nay rdt cin thi&t, bdi vi néu
mdt pha day quén ky hiéu nguge thi dién dp diy 14y ra sé m4t
~ tinh d8i xdng (hinh 2-2).
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OOC?

b}
Hinh 2.1, Cach qui udc cdc Hinh 2.2. Dién p ddy khéag
diu diu va ddu cufi cua a8 xdng Wic ky hiéu ngude
ddy quin ba pha : hay d8u nguge mét pha

Dé& don gidn va thuan tién cho viéc nghién cidu, ngudi ta
thudng ddnh ddu cidc diu tan ciing lén so 43 ky hieu day quin
cia m.b.a vdi quy udc sau day:

Cac diu 13n Dy quin |- Doy quén - Sd db ky higu
cung cas 4p (A | ha dp HA day qain .

Diu diu A B a b ¢ R 385

Dhv cull xvrz nnz

Diu trung tinh 0 hay N D hay n

.4 v F E A 2
D6i vdi m.b.a ba ddy quén, ngoai hai day qufn so cdp va thi

cdp con cd day quéin dién 4p trung. Day qadn nay dugce ky hiéu
nhu sau: diu dau bang cic chdt A, B, vd C; dau cudi bdng cac
chit X, Y. va Z, va ddu trung tinh bing chit O .

2.1.2. Cac kiéu d&u day quén

Ddy qudn cua m.b.a ¢6 th€ dfu hinh sao (ky hiéu bang d4u
“Y*) hay hinh tam giac (ky hidu bing ddu "A"). D4u sao thi ba
ddu X, Y, Z n6i lai voi nhau, con, ba diu A, B, C d8 t¢ do (hinh
2-3). Né&u d4u sao cd day trung tinh thi ky hiéu bing dfu Y,
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A B¢
<Urlz xUrl]z
X ¥ Z
' a) b)
Hinh 2.3, "Diu hinh sao diy duén Hinh 2-4. Diu hinh tam gidc cay
mo.a ba pha , quin mba ba pha

D&u tam gidc thi dau cudi cda pha nay néi véi dau dau cia pha
kia: hoac theo thit ty AX - BY - €Z - A (hinh 2-4a) hoac theo thi
tu AX - CZ - BY - A lhinh 2-4b)

Cdch ddu day quin CA va HA ¢ trong m.b.a thudng duoc ky
hig¢u nhv sau: vi du m.b.a dau Y/A co nghia 1a day quan CA ddu
sao va diy quin HA dfu tam gigc. O cic m b.a truyén tai cong
suflt, thudng day quin CA dugc ddu Y, con diay quin HA diu A,
" boi vl du nhu vay thi phia cao ap, dién d4p pha nha di v3 lan so
vii dién dap diy, do dé cd thé gidm bdét duge chi phi va digu kién

. .ciach dién; phia ha ap thi dong dién pha nhé di v3 lan so vai

. dong dién day, do d6 ¢S thé lam day dén nhé hon thuan tién cho
- viéc ché tao. Cach ddu A dudc dung nhiéu khi khéng can dien ap
pha. Day quan dau Y, thong dung 4di vdi mb.a cung cip cho tai
hén hgp vira ding dién ap day (chay dong co khéng dong by, vira
ding dién ap pha (thap
sang).

&
Ngoal hai ki€u d4u day
chil yéu trén, didy quin m.ba A
¢o thé diu theo ki€u zic-zac
tky hiéu bang ddu "Z"). Lice c

ddé m&i pha day qudn gom
hai nia cubén day & trén hai
tru khac nhau ndi ndi ti€p
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va mac nguge nhau thinh 2-5r. Ki€u ddu day nay rdt it dang vi
tén nhigu dong hon va chi gap trong m.b.a dung cho cdc thiét bi
chinh Itu hoac trong m.b.a do lugng d€ hieu chinh sai vé s3 ve
gde léch pha.

2.1.3. T8 ndi déy cia m.b.a

T4 ndi day cda m.b.a. duge hinh thanh do su phdi hgp kiéu
ddu day sog cdp so vdi kifu ddu day tha cdp. Nd bidu thi géc tech
pha gilta cac s.d.d. day so cdp va day thd cdp eda m.b.a. Gde lach
pha nay phu thubc vao cdc yéu to sau day:

- chidu quin day;

- cach ky hiéu cac diu day;

- ki€u ddu day qudan & so cip va thid cdp.

That vay, ta hay xét mot m.b.a mét pha cd hat day quén so
cdp AX va thi cdp ax sau day. Néu co hai day qudn duge quén
cung chigu trén try thép, ky hiéu cdc dau day nhu nhau (vi du A,
a & phia trén; X, x d phia dudi thinh 2-6a} thi s.d.d cdm dng
trong ching khi ¢o tif théong bién thién di qua sé hoan toan tring
pha nhau: hoac tit dau diu dén ddu cudi hodc tir dau cudi dén
dau dau - chiang han tit dau cudi 4én dau dau day quédn (hinh
2-6by Khi d6i chitu quan day cua mgt trong hai day quén, vi du
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cua day qudn thi cdp ax (hinh 2-6¢c). hoac d6i ky hiéu dau day.
vi du edng cha ddy quén thu cdp ax thinh 2-6e) thi s.d.d trong
ching sé hoan toan ngudc pha nhau (hinh 2-6d va g). Trusng
hgp thi nhét, gde léch pha gitta cac s.d.d - k& tit vecto s.d.d. sa
cdp dén vecto s.d.d thi cdp theo chiéu kim ddng hé la 3607; hai
trydng hgp sau l1a 180°.

O m.b.a ba pha con do cdch
dfu day qudn hinh Y hay A
vdi nhitng thd ty khdc nhau
ma goc léch pha gilta cdc s.d.d
day so cdp va thd cdp cd thé
la 30°, 60",..., 360"

Trong thuc t&, d€ thuan
tién, ngudi ta khéng ding "dg”
dé chl gdc léch pha d6 ma
dung phuong phap kim ddng
hd d€ bidu thj va goi tén t6
ndi day cia m.b.a. Cach biéu
thi d6 nku sau: kim dai caa
dbng hd chi s.d.d day so
clp dat ¢d dinh & con 36
12, kim ngin chi s.d.d day
thyd cdp dat tudng dng &

Hinh 2.7, Phudng phép ky hibu 18
né day bing kim déng hdé

cécs6 1, 2, .., 12 tuy theo Ers
goe léch pha giva ching la , ,

30, 60,.., 360" (hinh 2-7). £3b)
Véi cach bi&u thi nay, ddi

v6i m.b.a mot pha trong vi 360°

du trén, trudng hop thu
nhat sé thudc t§ ndi day
1/1-12, vi goe lech pha gilta “a) b)
hai s.d.d la 360", hai
trudng hop sau thuodc t8
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n&i day 1/1-6 vi gée léch pha 1a 180" (k¢ hiéu | dung cho m.b.a
mat phay, ' .

D6l vai m.b.a ba pha s& ¢d 12 t8 ndi day. Vi du mdét m.b.a ba
pha ¢d hai day qudn néi hinh Y, cing chidu quén day va cung ky.
hiéu diu day (hinh 2-8,
g) thl hinh sao s.d.d
pha gitta hai day quédn
hoan toan trung nhau

va gdc léch pha giia Fas
hai dién ap day sé bang

0°, hay 360 (hinh .

2-8b). Ta ndi m.b.a

thuodc t3 néi day 12 va 330°

ky hisu la Y/Y-12. Né&u
déi chidu quén day hay
d8i ky hiéu diu day cia
day quan thy cép ta cd Hinh 2-9. T6 n& diy Y/AN
t8 ndi day Y/Y-6. Hoan ' ,
vi thd tu cac pha thd cdp, ta sé cd cdc td n&i day chén 2, 4, 8,
10. Cing v6i m.b.a trén, khi day quén ddu theo so db Y/A nhu
hinh 2-9, thi gde léch pha gitta dién ap ddy so cdp va thi cdp la
330° - m b.a thudc t6 ndi day Y/A-11. Thay d6i chidu quén day
hay d8i ky hiéu diu day cia diy quin thd cdp ta cd t8 ndi day
Y/A-5. Hoan vi cac pha thi cdp ta sé& cd céc té ndi day 1é 1, 3, 7,
-8

San xu&t nhitu mb.a cd té néi day khac nhau rdt b&t tién cho
viéc ch& tao va s dung, vi th& trén thuc t&€ & nude ta Lign xé
(ci) chi san xu#t cac m.b.a dién luc thudc cdc t8 néi day sau:
m.b.a mdt pha cé 16 I/I-12, m.b.a ba pha cd cédc t§ Y/Y_-12,
Y/A-11 va Y_/A-11. Pham vi \ing dung cia ching dugc ghi trong
bang dudi day: .
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16 néi oay Dién &p Dung lu?ng cda

CAlkV) HAV) mb.a (kVA}

Y/Yp-12 <35 230 < 560
400 £ 1800

Y/A-N < 35 525 <1800
> 525 ] =< 5600

Y/AN = 10 _ = 350 z 3200
Yola-1t z 63 > 3300 ) = 7500

2.2. MACH TU CUA M.B.A

2.2.1. Céc dang mach tor

D8i vdi m.b.a mot pha cd thé cd hai leai k&t cfu mach ti:
mach ti kifu 16i v4 mach tir ki€u boc {(xem §1.4). D8i v6i mb.a
ba pha, dya vao sy khdng lién quan hay cd lién quan cta céc
mac]:} tit gitta cic pha ngudi ta chia ra: m.b.a cd hé théng mach
tit riéng va m.ba cd hé¢ théng mach tit chung.

Heé thdéng mach tir riéng 13 hé théng mach ti trong dd ti
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shong cua ba pha doc lap d6i voi nhav nhu & trudng hgp m.b.a ba

. pha ghép tit ba m.b.a mét pha goi tat 12 t6 m.b.a ba pha (hinh
2-10). He th#ng mach ti chung la hé thing mach tit trong do ti
thong ba pha cd litn quan v6i nhau nhe & mb.a ba pha ki€u tru
- d€ phan biét vdi loai trén ta goi 12 m.b.a ba pha ba)ru {(hinh
2-11). Thue ra k&t cf{u cda loai sau la di tir loai dAu ma ra. Thuc
vay khi dem ghép ba m.b.a mdt pha lai (tic ghép ba m.b.a cd
mach ti riéng nhu hinh 2-12a), n&u dién dp vao ba pha 1a déi
xdng, nghla la U + UB + UC 0 thi tdng ti thong tuong dng
ciia ba pha cing bﬁng khéng <I)A + ¢'B + <IJC = b = 0. Nhu
vAy & tru ghép chung cd ba pha, tit thong khong tbn tai & moi
thi difm, do dd ¢é thé cat bd try ghép chung (hinh 2-12b) ma
vin khong anh hudng gl d&n tinh trang lam viéc binh thudng cia
mb.a.

a) b) ¢)

Hinh 2-12. Céch fac nbn mb.a ba pha ba try tl ba mba mdt pha

. Nhung két cfiu cua 16i thép nhu hinh 2-12b ché tao rit khd
khan nén d€ duge don gidn c6 thé rat ngén tru giita lai, sao cho
cd ba tru cung ndm trong mét mat phang (hinh 2-12¢), do dg
m.b.a ba pha ba tru mang hinh ddng nhv da ndi § trén. T4t
nhién k&t cAu 16i st trong trudng hgp nay r6 rang 13 khong dai
xdng, d tru gita mach tit ngin hon, do d6 déng dién tir hoa claa
ba pha cing khong 46i xing (I5, = Ige = 1,2 + 1,6I,p).
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Nhung sy khéong d6i xdng nay khong dnh hudng 1di sy lam
viée binh thudng cia m.b.a bao nhiéu. vi ban than ddng dién ti
hda r&t nhoé so vdi dong dién dinh midc, nén cd thé xem nhu
khéng dang k&.

"~ Trén thuc t& hién nay. m.b.a ba pha ba tru duoc dung phd
bign vdi cac ¢@ dung lvgng nhé va trung binh, vi loai nay hinh
dédng gon, nhé, it tén nguyén litu va ré hon. Cén loai t68 mba ba
pha chl diung cho cic m.b.a cd }on (dung lugng tit 3.6000 VA trd
lén), vi vAy 6 thé van chuyén ting pha m.b.a mot cach d& dang

' ~ va thuén loi.

2.2.3. Nhung hién tugng xuét hién khi tad héa 16i thép m.b.a

Khi tir hoa lei thép m.b.a, do mach tir bdo hoa sé lam xuat
hién nhitng hién tugng ma trong mot s6 trudng hgp nhing hién
tuong 4y cd th& Anh hudng dén
tinh trang lam viéc cda m.b.a.

Ching ta hay xét nhing 4anb

hudng ddang k€ dé khi m.b.a lam

vigc khéng tai, nghia la khi dat =, [
vao day qudn so cép dién dp hinh
gin, con dAy quédn thd cdp hé U= Upsinwl
mach.

1. M.b.a m{t pha: Dién ap
dat vao day quidn sd cdp sé sinh
ra dong dién khong tai i, chay Hinh 2-13. TU héa mba mft pha
trong nd, dong dién i, sinh ra tit
théng & chay trong 16i thép thinh 2-13). )

Nhu ta da bist, néu dién dp dat vao bifn thién theo thdi gian:

u = U_sinwt '

PPy

X

" va bd qua dién ap roi trén dién tré dé:y qudn. thi:

: d<b
u=-e€ + W —

dt
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nghla 1a tit thong sinh ra cing bién thién hinh sin theo thoi gian:
7
(D = @msin(wt -?‘

Trudc tién, nu khong ké d&n tdn hao trong i6i thép thi dong
dién khong tai i  thuhn tiy la dong dién phan khdng ding d€ tit
hda 16i thép i, = i ,. Do d6 quan hé giita ¢ = f(i ) cing chinh la
guan hé tit héa B = f(H). Theo ly thuyét co sé ky thuat dién ta
da biét do hién tugng béo hda cia 16i thép, n&u @ 14 hinh sin, i
s& khong hinh sin ma cd dang nhon, dhu va triang pha vgi ¢,
nghia 1a dong dién i, ngodi thanh phan sdng co ban i ;, cén cd
cac thanh phlin séng di®u hoa béc cao: bac 3-ig,;, bdc 5-iy, bae
?-ig7,--» trong d6 thanh ph#n ij; 16n nhat vA dédng k€ hon c4, cdn
cdc thanh phan khac rét bé c6 th€ bd qua. Ta cd th€ xem nhu’
chinh thanh phin bac 3 c6 tdc dung lam cho dong dién tit hda c6
dang nhon diu. Cing tif Iy luin dd ta thdy, n&u mach tit cang
bao hda thi i cing nhon d3u, nghia la thanh ph2n iy, cang lén.

Khi cd ké d&€n tdn hao trong 18i thép thi quan hé gida O ) Ia
quan hé tré B(H). Tu quan hé ®(t) va ®(i,) ta cd thé vé duge

aee)

Hinh 2-14. Anh hudng cda tu wh Hinh 2-15. Ddng dign td hba véi
dén dudng cong ddng didn céc thdnh phin cia nd

duong bi€u dién quan hé i (t) nhu hinh 2- 14. Dudng cong i (t)
cho thdy néu ® la hinh sin thi i, c6 dang nhon dAu nhung vugt
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pha voi ¢ mdt géc a nao dé. Géc a 16n hay bé la thy theo muiic
d¢ tré cia B dé6i v6i H nhidu hay it, nghia la tén hao tit tré trong
16i thép nhidu hay {t. Vi thé « duge goi la géc t6n hao tir tré.
Hinh 2-15 bi€u dién vecto dong dién I, va tir théng & khi cd ké
dén tdn hao trong 16i thép. Nhung cin chi ¥, vi dong dién i la
khéng sin nén trén db thi vecto chi vé gin ding véi thanh phin
béc 1 cua iy, hoac la phai thay i bing mo6t dong dién hinh sin
ddng trj ¢ tri s8 hiéu dung bing tri s& hiéu dung cia dong dién
i, thuc. Ta thdy lic nay dorg dién khong tai I gdbm hai thanh
phin: thanh phan phan khang I, 1a déng dién tit hoa 18] thép,
tao nén tit théong va cing chizu véi tir théng; thanh phiin téc
dung I, vuéng gdc vdi thanh phlin trén, 12 dong dién gay nén
tdn hao sat tu trong 16i thép:

I,=vVI, + sz (2-1)

V]
Trén thue t€ 1, < 10%I, nghia la gdc o thudng rat bé, nén
dong dién I, thuc ra khéng 4nh hudng dén dong dién tit hoa bac
nhidu va nhu vay ta coi I, = 1.

2. M.b.a. ba pha: khi khong tdi nfu xét tilng pha riéng 1¢ thi
dong dién bac 3 trong céc pha:

ig3a = L350 3wt, (2-2a)
iap = g, Sin3 (wt - 120% = I, sin3 wt, (2-2b)
i03'C = 10301 Sin3 (wt - 2400) = Io3msin3(0t. (2-2c)

trung pha nhau v& thdi gian, nghia 1a tai moi thoi dim chidu cia
dong dién trong ¢ ba pha hodc hudng tir dAu d&n cubi day quin
hodc hudng ngudc lai. Song ching cd ton tai hay khéng va dang
adng nhd thé& ndo con phu thudc vao k&t cAu mach tif va cach
d&u day quén niia.

a. Tru¥rng hop m.b.a néi Y/¥: vl day quéin so cdp néi Y nén
thanh phan dong dién bac 3 khéng tbn tai, do dé dong dién ti
hda i, s& cé dang hinh sin va tir thong do nd sinh ra sé cd dang
vat dau {dudng dam nét trén hinh 2-16a). Nhu vay cd thé zem
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tit thong téng ¢ gbm sdng co ban
®, va cdc sdng didu hda bac cao
P,, Dg,... Vi cdc thanh phin didu
hba'b‘ac cao hon 3 rét nhd cd the
bé qua do do6 trén db thi hinh
2-16a ta chl vé cdc tir théng @,
va @,..D6i vl t6 m b.a ba pha, vi
mach tit cia ci ba pha riéng ré,
tit thong @, cia ca ba pha cing
chidu tai moi thoi di€m sé& dé
dang khép kin trong titng 16i
thép nhu tit théng @, (hinh
2-17a). Do tir trd cua 156 thép rat
bé, nén ¢; cd tri s6 kha 16n, cd
th& dat tdi (15 + 20)%D,. K&t
qua la trong day qudn so cdp va
thi cép, ngoai s.d.d co ban e, do
tit thong ¢, tao ra va chdm sau
@, 90° con cd cac s.d.d. bac ba Hinh 2-18, Dudng bidu difn tU théng

; khd 16n (c6 the dat den trj s6 7 ¥ 290 ) ,‘:‘ mba ba pha

= (45 + 60)% E)) do tit théng

&, tao ra va cham sau ¢, mot géc 90°. Do dé s.d.d tng trong
pha e = e; + e;sé cd dang nhon d&u (hinh 2-16b), nghia la
bién d¢ cua s.d.d pha tang l&n r5 rét. Su ting vot cua s.d.d lén

(= 1 i T 'T“

L I T Y I T O A

YOG GLEL T W

I e =) LAY
a) b

Hinh 2-17. TU théng didu hda bgc ba: a trong 18 mba ba pha;
b. trong m.b.a ba pha nim ty
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nhu vay hoan todn khong lgi va trong nhigu trudng hop rdt nguy
hidm, nhu choc thang céich dién cds day quén, lam hu hdéng thist
bi dién do lutrng va néu trung tinh ndi d4t dong dién bac 3 sé gay
éanh hudng dén dudng day thong tin (hinh 2-18). Béi nhitng 1y do
dd, trén thyc t& ngudi ta khong ding kigu ddu Y/Y cho t§ m.b.d
ba pha. Cing can ndi thém rang, da s.d.d pha cd tri sd va hinh
dang bién ddi nhidu nhung cdc s.d.d. dAy vAn ludn ludn la hinh
sin, vi diy quidn ndi Y thl s.d.d day khong cd thanh phan bic 3.

Nhing hién tugng xuflt hién trong mb.a ba pha nam tru thinh
2-17b) cing tuong tu nhv vay, do dé nhiung ké&t luan trén day
ciing duge ap dung cho loai bién dp nay.

thiét bi théng tin

=

: s

e Y=
———

B
e b — ¥
T

’ .
e ———
-

Py

Hinh 2.18. Anh hudng cla dong Hinh 2.19. TU thdng didu hda béc 3
dién didu héa bfc 3 dfi vai trong mb.a ba pha ba try
dudng day théng tin

D6i vai m.b.a ba pha bha tru vi thude hé théng mach tit chung
nén hién tugng sé& khac di. Tit thong P, bing nhau va ciung chidu
trong ba tru thép tai moi thdi diém, nén ching khong th& khép
mach ti try nay qua tru khdec duge ma bi ddy ra ngoai vA khép
mach ti gong ndy dén gbng kia qua khéng khi hodc dau la mei
truong cd tit trd 1on (hinh 2-19). Vi th€ ¢, khong 16n 14m va cé
th€ xem tit thong trong mach tit 13 hinh sin, nghia 12 s.d.d pha
thuc t& la hinh sin. Song cAn cha ¥ rhng vl tir théng bac 3 dap
mach véi tin s8 3f qua vdch thiing, céc buldng ghép v.v... s gay
nén nhitng t6n hao phu 1am hidu sufit cta m.b.a gidm xuéng. Do



dé phuong phap ddu Y/Y d&i v6i m.b.a ba pha ba try ciing chl 4p
dung cho cdc m.b.a vdi dung ludng han ché tit 5600 EVA trd
xufng. )

b. Truirng hop m.b.a pha néi A/Y (hinh 2-20): Day quén so cip
ndi A, nén dong dién i_y sé khép kin trong tam gidc dd, nhu vay
dong dién tit héa vi ¢d thanh phin bac 3 8é cd dang nhon dau,
¢ing tuong tu nhu ddi vdi m.b.a mét pha da xét & trén, tir thong
tdng va cdc s.d.d cia day quén sg cdp va thd cap dBu cd dang
hinh sin. Do d¢ sé khong ¢6 nhiing hién tugng bfit Igi nhu trudng
hop trén.

c. Trudng hop m.b.a ba pha 'aéi Y/A thinh 2-21). Do day quén so
clp n6i Y nén ddng dién tir hda trong dd s& khong c6 thanh phan
digu hda bac 3, nhu vay ta lai o6 két ludn nhu trudng hop a, tu
thong 8& cd dang vat dau, nghia la thanh phan tir thong bac
3-®;,. T thong ®;; s& cdm Ung ra trong diy quén the cdp s.d.d.
bac 3 - ey; cham sau ®,, mot géc 90° (hinh 2-22). Dén lugt e,,
gdy ra dong dién bac 3 trong mach vong thi cdp ndi tam gide i,
Vi dién khéng ctia day quin 14n nén ¢6 thé€ xem i,,90° cham so
véi e,,90° (hinh 2-23), ré rang i,; s& sinh ra tif thong cép Dyp
{coi gAn tring pha véi i;; ) ghn nhu ngugc pha vai @,,. Do dd tif
thong tdng bac 3 trong 15i thép ¢’y= ¢4, + ®,, gin nhu bj triét
tidu. Anh hudng ctia tit '
théng béc 3 trong mach
tir khong dang k& niia,

s.d.4. pha & gin hinh
sin. b A

Tdém lai khi m.b.a.
lam viéc khong tai, cac AN
cdch dfu day quédn A/Y
hay Y/A d&u trdnh duge
tac hai cla tir théng va
 s.d.d. didu hda bac 3.

Hinh 2-20 Ddng din didu hda bic 3 trong
diy quiin ndi Y/A khi khing fai

41



34
PN
Iy
¢ o E
28
i
I,y (%4)
Wink. 2-21. Dang dign didu Hinh 2-22. Tac dung cda
hda blc 3 trong ddy quén dong didn i, khi day quén
ndi Y/A khi khéng t&i dfu Y/A

2.2.4. Tinh to4n mach W

Muc dich cia tinh todn math tit m.b.a 13 xdc dinh ddng dién
cin thi&t d& tirt hda 16i thép va tdn hao trong mach tit. Didu nay
tAt cAn thi&t khi tinh todn thist k& m.b.a.

Dong dién tir hda (hay dong dién khong tai) i, gbm od hai thanh
phln : thanh phdn tdc dung i, vaA thanh phan phan khdng i .

I. Thank phdn dong dién tdc dung i : Nhu ta da biét, dong dién
tdc dung phu thudc vio tdn hao sdt tit & trong 16i thép. Tén hao
" nay cd th€ tinh ghn ding theo bifu thdie:

Ppe = Pyso [B?G, +BIG J( £ W3, w (2-3)
Fe 1/50 L& ™t 878" 50 *

trong dd:
Piso - sufit tdn hao trong thép khi cudng d% tif cdm 1a 1 tesia
(T) va thn s la 50 Hz.

B, va B, - cudng d¢ tit cam trong try va trong gong, (7).

G, va G, - trong lugng tru va gong tinh theo kich thude hinh
hoc cta 16i thép (kg).

* Do d¢ thanh phin tiac dung clia ddng dién tit hoa:

P
i = ‘:U A 2-4)
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trong do m la s6 pha cia mb.a.

2., Thanh phln
dong dién phén [, lg

khdéng i ,: Dong dién
phan khdng cé thé .

tinh duge theo hai

phuong phip. . . E Iy
Phuong phdp thi
' nhdt: Dya trén quan a’ bl
di€m cda dinh luit Hinh 2-23. Mach ti cda mba: a, mit pha;
todn dong dién tinh b: ba pha
todn mach ti mb.a : .
V2l w =F =3HI (2-5)

Ddi vdimba mo't pha (hinh 2-23a), sdc tit dong (vist tat 1a
st.d) :

F =2H] + 2Hg[g‘+ nk—lit-d _(2-6)
#o
trong ddé:

H, va Hg - cudng do ti trudng trong tru va gong, x4c dinh
theo dudng cong tif hda tuong ding v6i cudng df tit cAm B, va Bg,
Alem;

1 va l - chi¥®u dai trung binh clia céac doan mach tir tuong
dng voi tru va gong, cmi;

& - chi®u dai cia khe khong khi gidta tru va gong, cm;

n; la s khe khéng khi, d6i v6i m.b.a mot pha n, = 4.

Déi v6i m.b.a ba pha ba tru, do mach khéng d6i xding (hinh
2-23b) nén s.t.d phai tinh theo trj s6 trung binh: '

Né&u ghép céc 14 thép xen ké theo hinh 1-7 (xem Chuang 1}
thi & hai pha thudc hal tru ngodi clng:

B, :
= Hji, + 2H, + n,— '3 (2-T7a)

#o

13
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trong dd n, = 3 la s6 khe hé gita tru va goéng; con pha thufe tru
gita .

B,
F'=Hl +n, — 4 w (2-Th)
: Ho
nhung n, = 1; do dd s.t.d trung binh:
2F’+F" H, 2 , By s
F = 2 = H)l +— Hglg+nké ‘ (2-8)

[

7
trong dd n’, =3 goi 1a s8 khe hd tinh toan gilta tru va gbng.

" Bi€u thdc (2-8) cing diing d€ tinh cho ca trudng hop 151 thép
ghép nsi (hinh 2-23b) nhung trong dé n’, = 2.
Tir d6 ta c6 thé tinh duge thanh phan ph:in khing cia dong

dién tit hda: F o
o = e 2-9)

Phuong phdp thi hai: Dya vao viéc tinh toan néng lugng tit
trudng hay cong su&t til hda {(con goi la cong sudt phan khing)
cla mach ti.

Ta biét ring nﬁng lugng tit trudng cuc dai trong 1 don vi thé
tich (hay goi 1a mat d¢ nang lugng) cia trudng bién thién hinh
sin theo théi gian la: BH

W=

Cong suft phan khéang cho mot don vi thé tich:
Q = oW, = af BH

" do d6 cOng sult phdn khdng cua 16i thép c6 thé tich V hay trong
lugng G 1A:

Q E-3 Q'V = — = : G = th (2- 10'

trong dé
y - trong lugng néng cia thép.

“ .



afBH  afB?

v Ha¥
vi trong lugng cia thép, goi tat 1 sudt tit hoa.

q, = - cong sudt phan khédng trén mot don

Ddi v6i khe khong khi thl cong sudt phan khdng duge tinh

theo bigu thic:
Q = qnd.8 = n,qdS (2-11)
trong d¢: 7
S - dién tich caas khe khong khi,

n, - s8 khe hd thyc trén toan bd lai thép, y

q - cong sudt phan khang trén I’;E —4 G | em?
mot don vi thé tich "khe hd, ~=-=4 |r] [/2
sO—1 - thep 54 T 3
qs = Q¢ la cong suit phan khang | [2-Thép 3m Sy
trén mot don vi dién tich khe hé. w0 ] ],rf z
7
Can cit vao cudng do tit cAm B g ;'J ]
cta méi loai thép da cho cd the xac . / {
dinh dugc q, va q4 theo cac dudng i0 % 4 é
cong q = f(B) va q5 = f(B) trén ole- 22 8
hinh 2-24. a6 08 10 12 14 1§ 18T
Hinh 2-24. G hé = 1B
Vi cong sudt phan khang dung dé 2 zva q:ai f(B?t ®
tit héa mba la :
Q, = mU I, (1-12)
do dd dong dién phdn khing :
G, + G +n
1, = q, _ Bt T G 55 (2-13)
mU, mU, .
trong do

q,, va ey - sudt tit hda trong tru va géng,

G, va G, - trong lugng cla tru va gong.

Cusi cung dong dién tir héa toan phin:

I, =V IET + qux {2-14)

O
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Dong dién I trong m.b.a dién luc thudng rat nhd, lic dién 4p
dinh mfc, tri 8 phin trdam cda nd so v6i ddng dign dinh mic:

I, '

I% = 100 (2-15)
dm :

thudng vao khodng 2 + 10, trong dé trj s8 sau dung cho m.b.a

dung lugng bé.

Cau hoi

1. Té ndi day ciia m.b.a la gi? Sy cin thi&t phai xdc dinh t4
ndi day. '

2. V& céc sa dd day qudn Ung v6i cac t8 néi day Y/Y - 2, 4, 8,
10 va cdc s0 db dAy quéin dng v6i cac td ndi day Y/a - 1, 3, 7, 9.

3. Dong dién tif hda m.b.a 10n hay bé, tai sao 7'Né phu thudc
vio nhilng yéu té nao ? '

4. Céc k&t cfiu mach tir khdc nhau va cdch dfiu day quin khac
nhau anh hudng nhu th& nao d6i véi dong didn va dién 4p lac
khong tdi ¢ta m.b.a ba pha ?

5. Nguyén tic tinh todn mach tif cia m.b.a nhu thé nao ?

Bai thp
Hay x4c dinh t8 né: day cua cdc mb.a trén hinh 2-25
A 8 < A 8 c A a ¢ A & ¢

X Y z
: x e a b c a b
p gt
i 2 & ¢ a b z_* ¢ z zy
Hinh 2-28

Dép s6: ATY-9 AJA-3; AjA-4; Y/Y-4,
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Chuong 3
QUAN HE DIEN TU TRONG MAY BIEN AP

Trong chuong nay chiing ta & nghién cdu su lam viée cla
m.b.a Ide tai d8i xdng va moi vin d& cd lifr quan ddu dude =zét
trén mdt pha cia m.b.a ba pha hay trén m.b.a mot pha.

3.1. CAC PHUONG TRINH CO BAN CUA M.B.A

D& théy 16 qua trinh nang lugng trong m.b.a, ta hay xét cdc
quan hé dién tit trong trudng hgp nay.

3.1.1. Phuong trinh cén bddng s.d.d

Hay 1y m.b.a mot pha hai dAy qu&n vé trén hinh 3-1 lam vi
du. .

Khi dat vio day quin so
cAp mot dién 4p xoay chidu
u, thi trong do sé c6 dong
dién i, chay qua. N&u phia
thd cdp cd tai thi trong day
quédn tha clp sé cd dong
dién i, chay qua. Nhiing
dong dién i; va i, s& tao
nén céc s.t.d sd clp i|jw, va
thd cdp i,w, Phan lén tu
théng do i,w, va i,w, sinh
ra dugc khép mach qua 15i thép mde vong véi ca hai day qudn so
cdp va dude va thu cép goi la tit théng chinh ®. Tit théng chinh
gAy nén trong cac day quéin so cAp va thd cdp nhing s.d.d chinh
nhy da bigt & trén (xem §1.1.1): o

Hinh 3-1. Mb.a mdt pha [am vidc cd tai
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dd - dyy

e, = W, o =~ ot {3-1a)
dt T dt
- a® dy,
6 = Wy — = - &2 (3-1b)
dt dt

trong d6 v, = w @ va y, = w,P la tit thong mdc véng voi day
quén sd cdp va thd cdp dng voi tit thong chinh &

Con mot phin rat nhd tif thong da cde s.td ijw ; va iyw, sinh
ra bi tdn ra ngoai 16i thép khép mach qua khong khi hay dau goi
la cdc tir thong tin so cdp &, va tit theng tan thi cdp ¢, T
thong tdn &, do dong dién i; sinh ra chl mdc vong véi day quén
8d cfp; tif thong tan @, do dong disn i) sinh ra chl mdc vong
voi day qudn thi cdp.

Céc tif thong tdn cdng gdy nén cdc s.d.d tdn tuong vng

dd dy

vl ‘gl .
e = . W,. = e — (3- 23)
at at dt
dd,, o
- = - W, = = '(3‘ zb)
P “ ot dt

trong dd v, = "'w,®,, va ¥y, = w,P, 1 tit thong tAn mdc vong
+8i day quin s¢ cp v thnt cdp.

VI céc tir théng tan cha y&u di qua moi trudng khong ti tinh,
do dd tif thdm 4 = C'® (nhv dhu, khong khi, dbng,..) va cd thé
xem y,, va y,, ti 1& voi cdc dong dién tuong iing sinh ra chung
qua cdc hé s6 dién'cim tdn L, va L, |12 nhiing hdng sé&:

Vo1 = Lgii; (3-3a)
¥o2 = Lo ' (3-3b)
do dd cdc s.dd tan so cfip va thi cfp cd thé viet:
di,
eg = - Ly Y (3-4a)
di,
gz ¥ - Ly _::l-i (3-4b)
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Theo dinh luat Kirkhoff 2, ta cd phuong trinh can bing s.d.d
cua day quin sd cip:
u + e + e, =i (3-6)
trong dd r, 1a dién trd cha ddy quén so cép.
Phuong trinh (3-5) cdn cd thé vist dubi dang:

u, = -e - &, +ir (3-6)
Ddi v6i day quén thia clp ta cd:

e, + e, = Uy + iy, (3-7
hay M UZ = 92 + edz - i2r2 (3‘ 8}

trong d6 r, la dién trd cla day quéin thd cép.

D& thay ré su lién hé vd tir gita cac day quén so va thd cdp,
ta cing cd thé bi€u thj cdc phuong trinh cAn bang s.d.d (3-6) va
(3-8) dudi dang khdc. Nhu da trinh bay & trén, ¢, va ¢, 12
nhitng tir thong mdc vdng véi cdc day quiin tueng ng khép mach
qua }6i thép va do tdc dung ddng thdi cia cdc dong dién i) va i,
sinh ra, nén ta cd the viét:

¥, = Ly, + Lz, (3-9a)

¥y = Logdy + Lygiy (3-9b}
trong dé:

L, Ly, - dién cAm cla day quéin so cdp va thd cdp khi tis
thong khép mach trong 16 thép.

Lip Ly - hé cAm giie cdc dAy qufin sc cAp va tha cAp qua lai
thép.

Ta cé th€ thAy ngay rdng L;, = L;; = M. VI sy lién h¢ v&
tlt n6i trén duge thyc hién qua 13i thép 14 moi trudng sit tir cé:
#ge # C nén rb rang 1a cdc h¢ 88 L,,, L,, va M khong phai la
nhitng hang =6 va phy thudc vao d) bio hda cia 16i thép.

Thay (3-9a,b) va (3-8a,b) vao cdc phuong trinh (3-6) va (3-8),
ta duge:
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di di,
I.ll = LIT‘-;— + MT{- + 1!1‘1 (3'103)
di, di,
uz = . de-: - I - 13T (3- 10b)
trong dd:

L, = L;; + L, la di¢n cdm todn phan cia day qudn so cdp

L2 = L, + L, 1a dién cdm toan phin cla day quén thi cdp.

Céc phuong trinh' 13- 10a va b) it duge ding khi nghién cdu sy
1am viéc binh thudng cia m.b.a ma duge dung chi y&u khi phan
tich cdc qué trinh qud do cia mb.a.

Né&u dién 4p, s.d.d, dong dién la nhitng lugng xoay chibu bi&n
" thién theo qui luat hinh sin d&i vai thai gian thl cdc phuong trinh
cAn bang s.d.d4 (3-6) vA (3-8) & trén c6 thé bifu dién dudi dang
* phic s§ nhy sau:

Véi day quin so cdp:

U =-E -E, +Ir (3-11a)
Vai day quéin thu cfp:
U, =B, + B, - Ipr, . (3-11b)

Khi ddng dién bi&n thién hinh sin theo thdi gian thi tri sé tic
thai cia s.dd tdn so cdp duge viét:
df,,sinwt

e, = - L, — = - [, wL, coswt

T
= V2 I xsin{wt —-:2)
n
= V2 E sinwt — Y ) (3-12)
nghia la s.d.d e,; cling bién thién hinh sin theo th¥i gian va cham

pha so v6i dong dién i, sinh ra né mdt géc 90°, do d6 tri s6 hitu
dung cta nd cd thé bi€u dién dudi dang phic 88 nhu sau:
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Eal = - ilx, (3-13a)
trong d6 x, = oL o1 B0l 12 di¢n khéng tidn cda day qudn sd cdp.
Tuang ty nhu v&y, ta cing cé s.d.d tdn cla day qufin thd cfp:
E = - 11232 (3-13)
trong dd x, = wL,, goi iA dign khéng tidn cia dAy quéin thd cép.
Thay cédc tri 38 cha Eal va Eaz vao cdc phuong trinh (3-11)
cubi cing ta cd cdc phuong trinh can blng s.d.4 cho mach sa cdp
va thi cfp vigt dudi dang phdc s6.
U = —El + JII:u:l + Ilrl
' ‘E, + I(rl + jxy)
- E1 + Il It (3- 14a)
U, = E - J,iz"z - L
E2 - Lir, + ix))
E, - Iz, (3-14b)
Trong cdc phuong trinh nady 2, = r; + jx, vi z, = 1, + jx, 13
t6ng trd cda day quin so cAp va thd cfp. Céc thanh phdin I, va
L,z; goi la cdc dién &p roi trén cdc day quén sc cip va tha cdp.

i

3.1.2. Phuong trinh c4n bing s.t.d

Nhuy trén ta ¢a thdy, hic mb.a IAm viéc cd tai, tir thong chinh
trong may 12 do s t.d tdng so cdp vi thd cdp (i,w, + i,w,) tao
nén. Bay git n&u hd mach thid cfp ra, hic ndy m.b.a lam vigc 9
tinh trang khong tai va ddng dién trong day quéin so cfp la i, thi
tir thong chinh trong l6i thép con do s.t.d i sinh ra. Néu bd
qua dién 4p roi trong m.b.a, ta cd th€ xem dién ap dat vao day
quén so clp bang s.d.d cAm vng trong nd do tit thong chinh gay
nén: U, = E, = 4,44 f w,@_. Nhung dién 4p U, dat vao thutng
dugc git bAng dién 4p dinh miic va ludn ludn khong déi du m.b.a
lam viéc c¢6 hay khong tai, nén s.d.d E, va do dd tu thong &
trong m.b.a ciing ludn ludn cf trj s6 khong d6i. Nhu vay, nghla la
std. (ijw, + i,w,) sinh ra tif thong chinh ®_ lic cd tii phai
bang s.t.d i, lic khéng tai d€ bdo dam ciing sinh ra dudc mét
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+

( ti thong chinh & _.
t Do d¢ ta cd phuong trinh cAn blng s.t.d:
i + iyw, = igw, (3-15)
Khi ddng dién 12 nhitng ham s8 hinh sin theo thoi gian, ta c6
thé vigt phuong trinh cAn bing s.t.d du6i dang phic sé nhu sau:
Lw, + Lw, = I,w, (3-16)
Chia hai v& cia phuong trinh (3-16) cho v, ta cd:

i+ f? = (3-17)
1 2;"1' 0
N . WZ N
hay: [ =1 +(- —=1,) (3-18)
W,
I =1, + 'y (3-19)
¢ do: I, = [, —2
ron Q: = —
g 2 2 w,

Ti bi&u thic (3-19) ta thfy, lic m.b.a 6 tii, dong dién trong
dAy quéin so cdp il gdm hai thanh phin: mét thanh phin la io
ding d€ tao nén tit thong chinh trong 18i thép va mét thanh
phin 1a (-I')) dung 48 bi: lai tde dung cta dong dién thit cdp. Do
dd khi tai tang lén, tic dong dién the cdp [, tang lén thi thanh
phan (-i’z) cing tAng lén, nghla 1a dong dién so cip il cing téng
lén dé€ gi® sao cho dong dién I, bdo dim sinh ra tit théng trong
mdy hiu nhu khéng d8i. Chinh i thé& day quin so cdp nhan thém
nang lugng tit ludi d€ truydn sang day quin thd cdp, cung cdp
cho tai.

3.2. MACH DIEN THAY THE CUA M.BA

Nhu da trinh bay & trén, m.b.a truydn tai cong sudt dya vao
su h6 cAm gilta cdc ddy quéin so cfp va thi cdp thong qua 16i
thép 1& mach tit cd g, # C'. Viéc nghién ctu cde ché 49 lam
viéc cia mb.a dga vao sy tinh todn phfi hgp mach dién va mach
tif Wng v&i cdc mic d¢ bao hoa khdce nhau cta 161 thép gap rit
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nhitu kho khan. Vi vAy dé dugc don gidn trong tinh todn ddi vai
ban than m.b.a cing nhu d6i véi toan bd ludi dién trong dd ngoai
m.b.a ra con od mdy phit dién, dudng ddy va hd dang dién, ngudsi
ta thay cic mach dién v mach tit cia m.b.a bing mot mach dién
twong duong gdm cdc dién trd va dién khdng dac trung cho m.b.a
goi 14 mach dién thay th& cia m.b.a.

D€ 6 thé néi truc ti€p mach sog cdp va thd cfp véi nhau
thanh mot mach dién, cdc ddy quén sd cp va thd cfp phﬁi- cd
cing mot dién ap. Trén thyc t€ dién 4p cia céc day quiin d¢ lai
khéc nhau (U, = U,). Vi vay phai qui déi mot trong hai day
quéin ve day quén kia d€ cho ching cd cing moét cdp dieén 4p.
Mudn vay hai day qué&n phai c¢d s vong dAy nhu nhau. Thudng
ngudi ta qui ddi day quédn thi cdp v& day quén so cdp, nghia la
coi nhu diy quén thd cdp cing cd s6 vong day bAng s6 ving day
cha day quén so cdp (w, = w;). Nhu da ndi & trén, viéc qui ddi
dd chi c8t d€ thudn tién cho viée tinh todn chd tuyét nhién khong
dudc lam thay d6i cdc qua trinh vat Iy vA nang lugng xay ra
trong m.b.a nhu cong sudt truydn tdi, t6n hao, ning lugng tich
ldy trong til trudng clia m.b.a. ‘

Duéi day truéce khi suy ra mach di&n thay th& cia m.b.a, ta
hay qui d6i day quén thd cp v2 dAy quin so cép.

3.2.1. Gui déi m.b.a

Trudc hét t4t cA nhitng lugng da qui déi tit thi cdp v so cip
dugc goi 1a nhitng lugng qui d6i va duge k¥ hidu thém mot dou
phiy () trén dAu nhu s.d.d thi cdp qui ddi £, ddng dién thit cfp
qui d6i T',...

i. S.4.d4 va dién dp thé cdp qui d6i E’) v& U’, Do qui d8i day
quén thd cdp v day quin sd cp w, = w, nén s.d.d thd cp qui
d8i lde nay diang bing s.d.d so ofp:

E,=E

Ta da bist:
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E; W2
Wy
nén : El = —— EZ
' W, . '
W, _ ,
trong do : k = w,fw,

goi 12 he s8 qui ddi thd cdp v so clp.

Tuong ty dién sp thd cp qui dbi:

U, = kU, {3-21)

- Nhu vay 1a khi m b.a cd ty 98 bién d6i k, viéc qui ddi day qudn
thu cfip v& so cp tuong duong vl viéc thay dfi s.d.d (hay dién ap)
thad cflp k 1An d€ cd trj s6 bing a.d.d (hay dién 4p) so cfp.

2. Ddng dién thit clp qui d6i I',. Viec qui d6i phai bao dam sao
cho cdng sufti thd clp cia m b.a trudc va sau khi qui d8i khéng
thay déi, nghia la: .
E,l, = E,I',

Do d6 ddng dién thy cfip qui déi:
p,es2p o1, (3-22)
2 S 2= 4 \I-

Ditu dg cing cd nghia:lé d4 bdo dAm cho cOng suéfit trong
mach thd cop khong d6i, thi n€u E, tang 1&n k 1an, I, phai gidm
xudng k iAn hay ngugc lai.

3. Dién trd, diérn khdng va t6ng tré thit cdp qui 46i . Khi qui déi,
vl cdng sudt khong thay ddi nén tén hao ddng & day qudn thd
cip trudc va sau khi qui ddi phai bAng nhau:

2 t
do dd dién trd tha cfp qui déi:
I
v, = (-IT"‘ ¥ r, = K, (3-238)
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Ve mgt vat 1§, dibu ndy cd nghia 14 khi qui 44i, n&fu dong dién
I, gidm di k 1an, d¥ giit cho tn hao trong day quén khéng déi, vi
tén hao ddng ty 1¢ v6i binh phuong dong dién, thl dién trd phai
tang lén k? Rn.

Tuong tu ta cd dién khdng thd cip gai ddi:

= k%, (3-23b)
téng trd thd cdp qui déi:
z'y =1, + X’y

= Kz, + jx;)
= k’z,. (3-23¢c)
Dé&i voi tdi 4 mach thid cfp ta ciing cd:
= k%, (d-23d)

trong dd z, = r, + jx, 14 tng trd tAi lic chua qui d6i.

4. Cdc phuong trinh qui 45i. Thay céc lugng qui d8i vao céc
phuong trinh caAn bAng s.dd va s.t.d & trén, ta dugc hé thdng céc
phuong trinh dd viét clufn dang qui d6i nhu sau:

U, = B, - Izz (3-25)
i, =10,-1, (3-26)

Yau nay viéc nghién cdu m.b.a chi y€u dua vao céc phuong
trinh qui dd8i nay.

3.2.2. Mach dién thay thé cia m.b.a

Dua vao cdc
phuong trinh s.d.d va
s.t.d. dudi dang da
qui d6i, ta cé th€ suy
ra mdét mach dién
tuong dng goi la :
mach dién thay the N
cia m.b.a nhu trinh Hinh 3.2. Mach cidn thay th# hinh 7 cia mba
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bay & hinh 3-2. R6 rang la phuong trinh Kirkhoff 2 viét cho dién
dp va s.d.d. cla cdc mach vdng I va 2 va phuang trinh Kirkhoff
1 vi€t cho cdc dong dién d nit M cta mach dién dé hoan toan
phii hgp véi ciac phuong trinh can bang s.d.d. {3-24), (3-26) d&
thanh iap & trén.

Trong mach dién thay th& ndi trén, tdng trd z,, dugc suy ra
nhu sau: vi tif théng chinh & dugc xem nhu do dong dién i, sinh
ra, nén cdc tit thong mdc vong ¢, va ¢, & cac bidu thic :
(3-1a,b), co th& vist dudi dang:

vy = Mi, (3-278)
Ry v, = kMi, (3-27b)
do dd:
di
8, = “kM—2 (3-28a)
dt
di
ey = -M —° (3-28b)
dt

Gia thd rdng i, bi€n thién hinh sin theo thdi gian, ta cd thé
vist:

E, = E', = -jwkMI, = - jlx, (3-29)
trong d6 x bi€u thj cho su hd cam gita mach so céip va thd cdp
ing voi tu thong chinh ®.

Tén hao sét tir trong 16i thép nhu da bist trong gido trinh "Co
s kj thu#it dién", c¢d th€ bifu thi duge bing tdn hao trén dién trd
r,, dat n6i ti€p véi x va cd tri s6:

P
r, =_[_f; (3-30)

0
Do dd cufi cung ta cd:
E, =FE, =1, + @) =1z, (3-31)
" Nhu vay ta da thay th&€ m.b.a thdc gdm odc mach dién so cdp,
thi clp riéng biét va mach ti cia ndé bidng mdt mach dién théng
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nhat. Tit d6 m b.a dude xem nhu mét mang 4 cuc hinh T cd ba
nhdnh: hai nhanh sg cdp va thd cdp o6 t8ng tré z, = r; + jx; va
z’, = 1, + jx’; biéu thi dién trd va dién khdng tuong Ung cia
ting day quén, cdc dong dién chay trong ching la I, va (-’,) va
nhinh thi ba con goi 1a nhénh tit hda c6 thng trd z, = v + ix,
vii dong dién tit hda io, bi€u thj cac hién tugng trong 16i thép va
lien hé gilia cac day quén so cfp va thi cdp.

3.2.3. Mach dién thay thé don gian

Trén thuc t€ thudng z,, >> 2z, va z’, (néu bi€u thj theo don vj
tuong d8i, thudng z,, = 10 + 50, con z;,, =z’,, = 0,025 +
0,010) nén trong nhidu trudng
hgp cd thé xem z, = =,
nghia la coi I, = 0, do d¢
il =—i’2. Nhu vAy m.b.a cd
th& thay bing mét mach dién
rat don gidn nhu & hinh 3-3
voi mot téng trd dAng tri cida
mach so cip va thd cp goi 14

téng trd ngdn mach cda  Hinh 3-3. Mach dibn thay thé don
m.b.a. gidn cGa mb.a

’
4
!

z, = 1+ jx,
vai T, =T t+ 1,
va x, = X + X%, _
Sa di cd tén nhu vay la vi t8ng trd ddng tri trén ding bing
téng trd khi ngdn mach thi cdp m.b.a (nghia 12 U, = 0) ma nd

¢6 th€ xac dinh duge tir thi nghiém ngén mach (xem §3.4).
3.3. DO TH] VECTO CUA M.B.A

D& thdy r6 quan he v® tri s§ va gdc léch pha giita cac lugng
vat ly trong m.b.a nhu tit thong s.d.d, dong dién... ddng thei, d&
th&y r5 duce su bién thién clia cac luang vit Iy dé 4 nhitng ché
dé lam viéc khac nhau, ta vé dd thi vecto cia m.b.a.
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Hinh 3-4a 1a d& thi vecty cia nr.bra trong trudng hop tai cd
tinh ch&t dién cAm. D& thi vecto duge v& dua vao cdc phuong
trinh can bang s.d.d va s.t.d (3-24) - (3-26). Dat vecto ti thong
®_, theo chidu duong truc hoanh, dong dién khéng tai I sinh ra
@ vugt trubc mft géc a. Cac s.ddBpva E'; =E| do & sinh
ra chim sau nd mot gde 90°. VI tai cé tinh:ch4t dién cam, dong
dién I'y cham sau s.d.d E’, mft gée y, quyét dinh bdi dién khéng
va dlén ird clia tai va day qufin thd cép:

T’l + rz

Theo phuung trinh (3-26) ta c6 vects dong dién f bing vecto
dang dién I cdng véi vects dong dign (- Iz) Theo phuong trinh
(3-25) vecto dién dp U’z la t6ng hink hoc cia cde vecto E’ 5 v6i

s E,g EZ

!' - I,’J;
4 -J
a) b) 2

Hinh 2-4. DB thi vectd cia mba: a lic ti o6 tich chdt didn cam;
b. Kic tdi c6 tinh chdt didn dung
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s.d.d tidn E'az = - ji 4x’y-va dién Ap roi - i’zr'z. O trudng hop nay
I’; cham sau- I'J' mot géc p, va tri s8 dién ap U”, < E’,. Vecto
dién 4p U1 duoc vé theo phudgng trinh (3-24) la tdng cﬁa cde
vecto - El, I Ty VA Jlel Gde giita U va I] a ¢,

D6 thi vecta c¢lia m.b.a ldc tai 6
tinh ch4dt dién dung vé trén hinh
3-4b. Cach vé khéng cd gl dac biet
so v&i trugng hgp trén. Két qua 1’2
vugt trude U7, mot géc ¢, va U, >
E’,. Chi ¥ rAng d€ cho d& thdy, &
day tl 1 xich dién 4p roi ta vé lén
han thuc t& nhitu.

Tuong dng v4i mach diégn thay
th€ don gidn ta cd d3 thi vecto don 0y 3.5. OB thi vectd cia mba
gian 0 hinh 3-5. Trong 46 i(1 = 0. (ng voi gidn dB thay th§ don
D& dé th&y quan hé giita din 4p sc gian lic 14 cd tinh cht dién cém
clp, thi cdp va dién 4p roi trong
m.b.a, ta vé cée veetd - U’z va - i'z, tic ﬁ’z va 1’2 da quay di
180°. Lic nay dién ap: ’

U = U’ + iz
=- U, + I, + jix, (3-32)

3.4. CACH XAC DINH CAC THAM SO CUA M.B.A

Cdc tham sd cia m.b.a ¢d th€ xdc dinh bang thi nghiém hoac
bang tinh toan.

3.4.1. Phuong phap xac dinh céc tham 8 bdng thi nghiém

Hai thi nghiém dung 4& x4c dinh cdc tham s6 la thi nghiém
khéng tai va thli nghiém ngdn mach.

1. Thi nghiém khong tai

So d8 thi nghiém nhu & hinh 3-6. Dat dién 4p hinh sin vao
day quéin so cdp véi U, = U, . hd mach ddy quin thi cp. Nho
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Vmet, Amet va Wmet sé do duge dign ap so cdp U, thid cdp U,
dang dién I, va cong sudt P, lic khong tai.

Tit cdc s6 liéu thi nghiém ta xdc dinh dugc tdng trd, dién trd
va dién khang m.b.a lic khong tai
Ul : Po ‘ '
Z, S—— T, =— vax, =V ;- 1] (3-33)
I, I

thusng z,=x,, =10 + 50var, = 1,0 + 50

o=

. n I,
o._D_/'\‘Y\._
. | -
y ! JA Fn
20 U -£,
| i
Hinh 2-8. S6 db thi nghiém Hinh 3-7. Mach didn thay thé
khéng td cua mba mdt pha cua mb.a lic khéng tai

Ngoai ra cdn xac dinh dugc ti s6 bign d8i cia mb.a:

had! U,
k= — = — (3-34)
w2 Uz
va hé 36 cong suflt lac khong tai:
PO
cosp,, = (3-39)
UlIo

Lic m.b.a khong tdi, tic I’y = 0, mach dién thay th& caa
m.b.a ¢6 dang nhu & hinh 3-7. Nhu vAy cac tham s6 khong tai z,,
r, va x, chinh la:

T, = |z; + 2|0, =1, + vy vAx, =x+x, (3-36)

8]
Trong céc m.b.a dién luc thudng r, va x; nhé hon rdt nhigu so
v8ir, va x nén cé thé xem téng try, didén trd va dién khédng

khéng tai badng céc tham s6 tis hda tudng dng:
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13-37)

Cang vi ly do dd, cong sudt luc khong tai P, thuc té ¢ thé
xem |3 t6n hao sat P do ti tré va dong dién xoay trong l5i thép
gay nén:

Zu = zm: l'n = rm va xn = Xm

PU = _pl“l.‘ . (3-38)

Vi dién 4p so cdp dat vao khong thay d6i, nén @, do d6 B
khong thay déi, nghia la tén hao sit - tue tdn hao khang tai
khéng thay dai. .

Khi khong tai, ta ed hé théng phuong trinh:

L = - E + I

' .El + Ioir1 + %) {3-39)

Uzu = E’2 (3-4M

I, =1, (3-41)
9

Ef
&8 |
Hinh 3-8. D& thj vectd Minh 3-9. 50 dd thi nghiém ngdn mach
cia mba khdng tai _cua mb.a mdt pha

Do dd dd thi vecto tuong dng c6 dang nhu_vé o hinh 3-8. Ti
dd thi.vects ta thdy. gdc giwa U, va I la ¢, = 90° nghia la hée
36 cong sudt hic khong tai rdt thap, thuong 'cc:‘s.-p0 =< 0,1. Didu
‘nay ¢ y nghia thyc té léﬂ"i_a khong nén d¢ m.b.a van hanh
khéng tai hosc non tai. vi lic.dé sé lam xdu hé s6 cong sudt cla
luai dien. . : :

2. Thi nghiém .nghn-mach. _
S0 46 thi-nghiém nhu & hinh 3-97trong d6 day quén thu cdp
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bi n&i ngAn mach va dién 4p dat vao dAy qué&n sd cfip phai dugc
ha thdp sao cho ddng dién trong dJ bang ddng dién dinh mudec.
Cing nhu thi nghl¢m khong tai tit cdac s6 lidu thi nghiém ngén
mach U, I, va P, do dugec, ta xdc dinh duge cac tham s ngén
mach cia m.ba:

U P
1, = TE . =-—I-'12 vax, =V zn: - ;zn T (3-42)
n ELd

C Vi lde ngén
mach, fién 4p dat

vao rAt bd, nén ti ' I x oy X,

thong chinh ldc '—C:'—"""—'—‘:—”""j

ng4n mach rdt bé, L e 7,

nghia la dong dién v, "

ti:khda trong trudng a)

hgp nay clng rit

bé. Do dd, mach I3 x,

dién thay thé cha — "
"m.b.a ¢d thé xem —— L,

nhvy hd mach tit U, )'l“

héa va cdn lai mot |

mach ndi ti&p cha b) °

hai tdng tré so cp

va thd cép (hinh . Hinh 3-10. Mach din thay thé cua

3-10a), hay don mba e ngdn mach

gidn hon ta thay
bdng mot téng trd ddng tri (hinh 3- 10b) gei 1a t8ng trd ngén
mach cla m.ba.
Zy =t ryvax, = x + x5 (3-43)
Thudng ‘z;, = 2’5, = 0,025 + 0,10.
Vi Iy do dong di¢n i, rdt nhd nén ta xem ring céng sudt lic
ngin mach i4 cong suft ding &€ bi vao tén hao ddng trong day
quén so clp va thd cfip cia m.ba:

=z + 25
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P = Pat + Peuz = I%ﬂ"l_ + I’in"z =
= Ifyry + £y = L, (3-44)
Tit mach dién thay thé& lic ngdn mach (hinh 3- 10b) ta théy rc.
dign &p d4t vao lic nghn mach hoan toAn cén bang véi dién dp
rai trong mb.a, hay ndi khdc, dién 4p nghn mach gdm hai thanh
phan:
Thanh phan téc dung:

U, = Iy, (3-45)
la dién 4p roi trén dién trd v thanh phin phan khéng:
U, = Ix, (3-46)

la dién 4p roi trén dién khdng cia m.b.a.

D3 thj vectu ciia mb.a ngdn mach v6i I, = I, v6 & trén hinb
3-11a va b. Tam gidc OAB goi la tam gisc dién 4p ngdn mach.
Canh huy®n bi&u thj di¢n 4p ngln mach todn phan U, cic canh
gdc vudng chinh la dién dp roi trén dién trd va dién khang:

=U
nC08¥n (3-4T)

U, = Ugsing,
trong d6 w12 goc gitta U, va 1.

Nhu vAy dién 4p ngidn mach c6 thé xem nhd mét dai lugng
déc trung cho dién trd va didn khang tdn cua dAy qudn m.b.a.
Trong cdc m.b.a dién lyc, ditn dp ngdhn mach duge ghi trén nhan
clia mdy va thudng duge bifu dién bang ti 16 phan tram so. véi
dién ap dinh mue:

U I 2 '
0, % =—>2 100 .-.-9U£-“- 100 (3-49)

dm dm

vA cdc thanh phln dién 4p ngin mach la;

U D PN .
u, % =—2=x 100 = 22 g0 (8-50)

dm dm
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u “}5 = Unx 100 = Idmx'n
nx
) Udm Udm

100 13-51)

Thanh phan dién ap ngdn mach tic dung cling cd thé tinh
nhu sau:

Ty, I Lyt
u, % = —mh_dm g - 4000
Udl‘n Idm 8
= _.._Iil‘_ﬂ’)_ {3-52)
108, (kVA) o

('.’l"l = J;i'm Zn

o

b)
Hinh 3.11. a. D& th vectd cia mba ngdn mach;
b. tam gidc dién 4p ngdn mach

Thudng u,% = 5,5 + 15. S6 dau la ddi v6i cac m.b.a dien luc
Uym < 35 &V, s6 sau la d6i véi cac mba Uy, = 500 &V,

Chu y: Ngan mach & trén 1a do ta tién hanh thi nghirm vai
dién dp dat vao rdt nhé dé cho [ = I, , thudng goi la ngan
mach thi nghidm. Trudng hgp m.b.a dang lam viéc vai dién 4p sa
clp dinh mic, n&u thit cfp xay ra ngin mach (nhu hai day chap
nhau, didut day, cham dat...) thi ta goi 14 ngdn mach van hanh
hay ngdn mach su c6. Luc nay toan bo dién ap dinh muc dat len
tdng trd ngin mach rdt nhd cia mb.a, nén déng dién ngdn mach
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sy c6 36 rdt lén:

I, =—— (3-53)
zn
hay:
I, = #_ 100 =_I°I"“— 100
4
z, —2 100 "I 100
Idi-n dm

. |

=347 100 (8-54)

un%

Vi du mét mb.a ed u % = 10 thi dong dién ngdn mach sy cd:

Iq
I, = — 100 = 10]
n 10 dm

Doéng dién ngin mach ldn sé giy nén sy cd hu hong mb.a. Do
do trong nhimg trudng hop dé cin phai b8 tri nhing thiét bi role
bac vé, tu déng cdit phan su cd ra khdi ludi dién.

3.1.2. X&c dinh tham 88 bdng tinh toén

Cac tham s8 cbéa mach tit hod ¢6 thé dé€ dang xac dinh Wl céch tinh
todn mach iy c¢a m.b.a.

Dién 1rd 1 hod r, co thé xdc dinh theo bi€u 1hitc (3-30), trong 46
Ppe ¥ac dinh theo biéu th¥c (2-3) va [ theo bi€u thdc (2-14) (xem
§2.23.

Di¢n khing it héa x| xdc dinh ding theo bidu thic:

E,
Xm =T (3-35)
oxX

trong d6 I, tinh theo bifu thic (2-9) hoeac (2-13) (xem §2.2).
Dudi day ta sé trinh bay ciach xac dinh cac tham s6 ngén mach.
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a. Dién tré ngdn mach. Cac dién (rd cda day quin so cdp va“thit cdp
c6 thé tinh dugc néu bift cac 56 licu cwa day quin: ti€t dicn day din
S, va S,, s6 vong day w, va w;, va chitu dai trung binh cia cdc vong
day bypy va Ly 3

Wibip1

ry = k. P75 S Q (3-56a)
1
va
wol .
r, = k py zsm Q. (3-56b)
2

trong d6 k. = 1,03 + 1,05 12 hé s6 ké d&n tén hao gay nén ddi (i
truéng tan.

1 .
Ps =;:?_ 12 dién (1o suft cia dong & 75°C; (d6i voi nhom thi

1
Prs = 39 )-
Do d6 dign trd ngdn mach:
W .
th = 1, + (— )’ (3-57)
w2

b. Dién khdng ngdn mach. Viéc xac dinh X, va x; lién quan dé€n vigc
xéc dinh sy phan b t¥ trudng iar cva titng day quén. Nhung vigc xdc
dinh mot cich chinh xdc sy phan b6 cda tit (rudng nay rit phic tap, do
d6 x; va xj chi c6 thé tinh t0odn gan dong vdi nhing gia thiét don
gian. Hay ldy mot trudng hop cia day qudn hinh tru vé rén hinh 3-12a
lam thi du. Trudc het ta gia thi€t s.0.d ijw; = - iw,; (nghia 1a  qua
s.t.d i,w;) va quan ni¢m mot cdch Iy 1edng ring cic dudng sdc caa W
trudng tan chay song song voi truc day quin (hink 3-12b) vdi chidu dai
tinh todn 1, 16n hon chi®u dai thyc I cia day quin mdt it, nghia la:

|
1 o= — (3-58)
r kR
trong d6 kg = 0,93 + 0,98 12 h¢ s qui ddi tif trudng tan 1y tudng v&
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Lif 1rddng tan thyc (€, con goi ld hé s6 Ragovski (xem thi lHéu thiét ké
m.b.a).

)

— — — ay— — — —

Hinh 2.12. TU trudng tan coa diy quin hich try
fa. b) va dudng biSu didn cudng dd tU trudng (c)

Theo dinh luat 10an dong dien-:
' @ Hdl = 3w,
nhung vi d8i véi 161 thép pp. = o neén Hp, = 0, do d6 ¢6 thé xem:

Trong pham vi a; (0 = x < a,):
, X
Hy lp = Zwi = wii,—,
4
do do:
H. = wiip X 3
x1 = - {3-59)

lo 4,

Trong pham vi aj, (a; < x £ a; + ap,):
HKZIG' = EWi = Wlil’ ’
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do d6 :

Wi,
_=- H,, = (3-60
. ,la
Trong pham vi a; {8 + a;;, < x < a; + a;; + a,):
. . . X-(a t a;y)
Hyal, = Zwi =wi; +w,i, S B >
a;
' . X-a -ap .
=Wy s e Wy,
az
do dd: )
wl]l al + alz +'32 - X

Hyy = {3-61)
o a .

D2 thi biéu dién sy phan bS cudng do 1if trudng theo x duge vé
-trén hinh 3-12c. '

Xac dinh mdt cach chinh xdc bien gidi phan chia tir trudng tan coa
hai ddy quén rit khé khan, do d6 viéc tinh todn riéng 1¢ cac tham sd
x; va x5 khong thé thuc hien dudc. Song ta ¢6 thé xac dinh duoc dign
khing 16ng x; + x; v0i qui udc bién gidi phan chia tit 1redng 1an cla
hai Ong day so cdp va thit cdp la dudng chdm gach & chinh khe ho a),
(hinh 3-12b).

Coi duong kinh trung binh cda ca hai 6ng day 1a D, va bd qua sy
thay d8i ciia dudng kinh theo chi®u x thi tif thong qua 6ng day day dx
cidch mot khodng x @ trong pham vi a; la:

d®, = uH,;zD,dx
moc vong vdi mot 56 vong day:
X
W, =— W,
a

Tuong ¥ nhy vay, trong pham vi a,, tif thong :

dq’z = ‘uonl‘HDlhdx
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mac vong véi mot sé vong day la w, vong,
Nhu v3y (7 thong méc vong véi toan bo day quin / la:

VI‘ E3 f _— Wlluo—— — nD'bdx +
(4] al 10 al
ai2
3i+ —

2 Wiy .
+ f wl,uo-i-—— aDydx =

3 T

2.
_ FoM llﬂDm( ST
1, i 2

Ddi véi day quén 2 cing tinh todn tuong tu ta ¢d tir thong
mdc vong:

). (3-62)

WitDy Ay ag

v o= + =) 3-63
¥ L 3 > ) {3-63)
Do dd dien khdng ngdn mach:
+ v
xn=x|+x‘2=2.7!f-u =
l
aD, k 2 + a
= zip ol 2R, + -'—1—2 ). (3-64)

]
Biu thic (3-64) cho th8y x, phe thudc vao cic kich thudc hinh hoc
a,. 4,, a;; va 1. Thong thudng céc kich thudc nay dudc chon sao cho
bdo dim sy lam vige ciia m.b.a (v& khodng cich cich di¢n, khoang
cach lam [anh...) v2 phi t6n v& kim loai 1a it nhdt. Chi2u cao céa cdc
day quin thudng phai bao dam bhng nhau, bdi vi néu khong sé lam
tang x,, 1ang t6n hao do tit trudng tan va nhiing lyc cd hoc tic dung
Ien cac day qu&n khi agda mach.

Thi dy
Cho mot m.b.a ba pha cd céc s8 ligu sau day: S, = 5600 2VA;
U, /U, = 35000/66000 V' ; I,/I, = 92,6/490A; P = 18,5 2W ;
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I, = 4,5%; u, = 7,6%; P, = 57 kW, { = 50 Hz, Y/A-11.

Hay xdc djah:

a} Céc tham s8 lac khong tai z, rova x .

b) Céc tham s6 zZ,. Iy, X, vA cdc thanh phiin cia dién dp ngin
mach.

Giai

n

a) Dién 4p pha so cip:

U, 35 000
v3 V3
Ddng dién pha khong tai

I, = 0,045] = 0,045. 92,5 = 4,16 A,
Céc tham s6 khéng tai:

Uy = = 20200V,

U, 20200
2, = = = 4.850 Q,
Ie 4,16
P, 18.500
T, =—2 = , = 356 Q,
A aL; 3x4,16°

x, = vzt - 12 = /4.8507 - 3567 = 4.700 Q.

0
b) Dién 4p pha ngAn mach tinh tit phia so cép:
U,, = Uju, = 20.200%0,075 = 1520 V
Céc tham s6 ngén mach:

Uy, 1.520

2, = = =164 Q.
Iy 92,5
P,  57.000

r, = = =18Q

b

" 3L, 329257

x, = Ve - 1f =V164° - 1,8° = 163 Q.

n
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Cac thanh phan cda dién ap ngdn mach:

I, 925%1,8
S ST T Zomo . P
t

Ix, 92,5x16,3
u,% = —1 100 = —— = 100 = 7,45,
Uy 20 200
Céu héi

1. Tai sao khi ting dong dién thd cfp thi dong dién su cAp lai
tang len ? Lic dd tit théng trong mb.a cd thay d4i khong ?

2. Lam th& nao d€ x4c dinh duge tham s tit hda cGa m.b.a ?
Thuc chit cia dong dign khbng tai, t8n hao khong tai la gl ? Tai
sao dung lugng m.b.a nho thi dong dién khong tdi lai 16m ? Khi
khéng tai, ting dién 4p dat vao m.b.a thi cosp ciia mb.a thay d6i
ra 3a0 7

3. Lam thé& nao d€ xac dinh duge tdng trd clia mach so cip va
thd cp cda m.b.a ? Tén hao ngin mach 1a tdn hac gi ? Khi thi
nghiém ngdn mach tai sao phai ha dién 4p xudng, thudng bing
bao nhieu ? N&u d4it toan b dién 4p dinh muic vao lic ngin
mach thi sao ? Tri s6 dién 4p ngan mach cd ¥ nghia gl ?

4. TOng tré z, cd lien quan gi dén dong dién ngdn mach I cda
" mb.a? Mudn gidam bdt dong di¢n ngdn mach I, cia m.b.a thi
phai thigt k& kich thuéc cia day quén nhu th& nao ?

5. V& dd thi vécto dng v&i tdi cd tinh ch&t dién dung?

Bai 14p

1. M6t m.b.a mét pha c6 dung lugng 5 #VA cd hai ddy quén so
c8p vA hai dAy quér thi cp gidng nhau. Di¢n dp dinh mic eta
mdi diy qudn so cdp 1a 11000 V va cia mdi day quén thd cdp la
110 V. Thay d8i cdch néi cdc day quén vdi nhau sé& cé cdc tl s6
bi&n d8i dién ap khdc nhauw. Vi mbi cdch néi hdy tinh cdc dong
dién dinh mdc s0 va thd cdp.
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Dap s6:
a) Day quin so cip va thd cdp déu ndi néi
li€p : 1} = 0,134, [; = 13 A
b) Day quin so cdp néi ndi 1i€p, ddy qudn thi
cdp ndi song song: [, = 0,13 4; [, = 26 4
¢) Day quén so cdp ndi song song, day quin
thd cdp n6i ndi tiép: |} = 026 4. 1, = 13 A4
d) Day qudn so cidp va thu cdp dBu ndi song
song: I, = 0,26 4; 1, = 26 A
2. Cho mét mb.a cd dung lugng Sy, = 20000 kVA, U, = 1268 &V,
U, = 11 &V, f = 50 He, dién tich tiét dién 16i thép S = 35,95
em?, mat d¢ ti théng B = 1,35 T Tinh 88 vong day cua day
quin sc cp va thit cdp.
' Dip s8:  w,

117694 vong,
10210 vong.

3. Mot m.b.a cé day quéin sg cdp quin béng hai sgi day chap
mdt A; - X;, A, - X; va day quén thid cfp a - x nhy trén hinh
3-13. 86 vdng cilia hai day quén 80 c&p va thid cdp bing nhau
w, = w,. Dat dién dp vac A - X,, ddng dién chay trong A, - X
a1,

a) Dem néi X, - X, v4i nhau

W3

va do dién dp gitta A, A, duge A —ea
tri s6 U,. Hoi ti o8 U, /1, bigw —
thi cho tham s8 nao ? — . -

b) N6i X, - x, do dién ép gita 3
biéu thj cho tham sé nao?*

Pap s6:
a) Do bang r,
b) Po bang r,.

Hiah 3-13.
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4. M6t m.b.a ba pha Y/Y - 12 ¢d céc sS Iitu sau day :
S4m = 180 kVA; U, /U, = 6000/400 V; dong dién khéng tai I % = 6,4;
tdn hao khéng tai P, =.1000 W; dién ap nghn mach u % = 5,5; tdn
hao ngin mach P, = 4 000 W. Gia thirr; = 15, x| = x; .

Hay vé mach dién thay th€ cta m.b.a va tinh céc thanh phén
cua dién ap ngdn mach.

Pap s6: u, % = 2,23
x% = 5.

5. Cho m¢t m.b.a mdt pha cd cdc s4 ligu S, = 6 637 &AVA
U/U, = 35/10 kV, P, = 53 500 W, u,% = 8.

a) Tinh z, v .

b) Gia thi r; = r; . Tinh di¢én trd khong qui d6i cua day quén
thy cHp.

u

Dap s6: )z, = 48, =15Q;
b} ry = 0,061
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Chuong 4

CAC DAC TINH LAM YIEC
O TAI DO! XUNG CUA M.B.A

Trong digu kién lam viéc binh thudng cta lugi dién, ta cd thé
phan phéi tai déu cho ba pha, Iic d6 m.b.a lam viéc vdi dién 4ap
d8i xing va dong dién & cac pha bang nhau. Ta hay xét sy can
bang nang lugng trong m.b.a, cac dac tinh khi m.b.a {am viéc
riéng lé va khi lam viéc song song vdi cac digu kigén dién dp so
cip U, = C', va tan sé f = C'°. Vi tai d6i xdng, ta cd the xét
riéng d6i vai mot pha. Truong hop tai khong d6i xdng sé duge
phan tich & chudng sau.

4.1. GIAN DO NANG LUONG CUA M.B.A

Trong ldc truyén tdi nang liong qua m.b.a, mét phin cong
sudt tdc dung va cong suit phan khdng bi tiéu hao trong mdy. Ta
hay xét sy cian bang cong sudt tac dung va phan khdng trong
m.b.a. Sy can bang nay cé thé suy ra ti mach dién thay th& cia
m.b.a d hinh 3.2.

Goi P| = U,I,cosp, 12 cong sudt dua vidc mét pha cia mb.a.
Mot phin clda cong sudt nay bi tiéu hao trén dién trd cua day
quéin sg cdp pe, = rllf va trong 16i thép pp, = rmlﬁ . Phén con
lai l1a cong suft dién tif truygn qua phia tha cdp. Ta cd:

Py = Py - peyy - Pee = Eilicosp, (4-1)
' Cong sufit dau ra P, clia mb.a’'sé nhé hon cong sudt dién tu mét
lugng ton hao trén dién tré cia day quén thi cdp po, = rZI:_:‘:
P, = Py, - peyy = Us,lcosp, (4-2)
Cing tudng ty nhu vAy, ta cd cong suit phan khé.ng dau vao:
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Q, = U Ising,
Cong sudt nay trit di cong sufit d& tao ra ti trudng tar cla
day qudn s0 cdp q, = (X va tit trudng trong i thép g = xm[;,
phin con lai sé duge dua sang phia thi cdp.

© Qu=Q - a - ap = Biling, (43
Cong sudt phan khiang diau ra bang: _
Q, = Q - 9; = U,Lsing, 4-4)

trong dd q, = I%x2 1a e6ng sudt d€ tao ra tit trudng tan cha diy
quén thit cip.

Khi ti ed tinh chit dién cAm (p, > 0) Q, > 0. Lic d6 @, > 0~
va codng sufit phan khang duge truyen ti phia so cdp sang phla
thit cdp.

Khi tai co ‘ ,
. P + *+ 4 — P :JQ
tinh chat dien 27% T Py £ 18t 22

dung (p,< 0) _____\T——ﬂ?—\\‘

Q.< 0. Trong \

trudng hop’ éf,, *iq £ /4, 2.2 £/,
nay coéng suit
phan Kkhang Hinh 4-1. Gidn db ning lugng <la mba

duge truyén
theo chiéu ngugce lai tit phia thu cdp sang phia so cdp néu Q, <
0, hoac toan b cong sudt phan khang tir hai phia thi cép va so
cdp déu dung dé tit hda m.b.a néu Q, > 0.

Su can bang cong sudt tdc dung va cong sudt phan khang
duge bi€u thi & hinh 4-1.
4.2. DO THAY POI DIEN AP CUA M.B.A
VA CACH DIEU CHINH DIEN AP

Khi m.b.a lam viéc, dién ap d&u ra U, thay ddi theo tri s6 va
tinh chat dién cam hoac dién dung cta déng dién tai I,, do cd
dién dp roi trén cdc day qudn so cdp va thi cdp. Hiéu s6 s§ hoc -
giva cdc tri s6 cda dién dp thd cdp lic khong tai U, va lic cd
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tai U, trong diéu kién U, khong déi goi 1a d¢ thay d8i dign 4p
AU cia m.b.a. Trong hé don vi tuong ddi ta co:
Uy - U Uy - Uy

AU. = = =
Uy Usg
U - U .
= Mm "~ 2 _ Us, (4-5)
Uldm

Ta c6 thé can cd vao 4B thi vecto ciia m.b.a trinh bay trén
hinh 3-5 d&€ xAc dinh AU bing phuong phap hinh hoe nhung vi
céc canh ciia tam gidc dién khang r&t nhé so véi U,,U; nén
phuong phdp nay khong duge chinh xdc. Thong thuding ngudi ta
dung phuong phdp giai tich sau day.

Gia tht mba lam visc & mot tai nao d6 d6i v6i hé s6 tai

I
‘B =—2 va he 6 cong suflt cosp, cho bigt va db thj vecto tuong
24m '
ing nhu & hinh 4-2. Khi 4y cdc canh clia tam giac dign khéng

ABC cd tr s8:

- Uldm I’de

Ha dudng thing géc AP xufng
U, va goi AP = n, CP. = m ta c6:
Hinh 4-2. X4C dinh AU com:mba
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-2
n
Us, = l-nz'—mzl--—z-m

Do dé:
. n2
AU, =1-Uy, =m t5 (4-86)

Vi theo hinh 4-2:
= Ca + aP = f(u,, cosp, + u ,, sing,}
= Ab - bP = f(u,, cosp, - u  ,sing;)
nén .
ﬁz(unx-cos‘lpz i “nr-3i11$"2)2

AU, = Blu,, cosp, + u  sing), +
4-7
Sé hang sau cia bifu thitc trén thudng rdt nhd, ¢ thé b qua
va ta cd:
AU, = flu, cosp, + w,,sing,). (4-8)
" Mu6n bidu thi AU theo phin tram cda U, ta chi viéc nhan
hai v& cta biSu thic (4-8) voi 100. Vi:

AU% I.lm_qc unx% .
. = u,., = P e = nén bjgu thdc (4-8)
100 100 100
trd thanh:
AU% = Blu, %cosp, + u , %sing,) (4-9)

Trong bifu thite (4-8) u,,, , u,,, d4 dugc xic dinh do céu tao
cia may nén AU, phu thudc vao hé sd tai va tinh chét cla tai.
I'th 4-3 cho biét cac quan hé AU = {(8) khi cos ¢, = C* va

= flcosp,) khi § = C'°.

Trong thuc t& mudn gid cho dién é.p U, khéng d6i khi m.b.a
lam viée v&i cac tai khdc nhau thi phai dléu chinh dién dp bing
cdch thay d3i lai s6 vong day, nghia la thay d8i ti s bi&n déi

!

k =—— . Mudn vay, & giifta hoac cu6i diy quidn CA ngudi ta dua
w
2z
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ra mdt s& dAu day (ng vdi cdc s6 vong day khéc nhau (hinh 4-4).
Néu cdc dAu phan nhanh & cudi day quidn thi viéc cdch dién duge
dé dang con néu & giwa day quén thi ti trudng tan sé ddu va luc
dién tit tdc dung lén dAy quéin cing s8 d8i xdng hon. Cing chin

s &
- o©°
) g
o
[
a £
[ & Qe
_N
X3
Q
QA&
e 2=
& il
=1
T
=
2=
(L%
o 23
1] C:
Sy g
g:l
g G o
ﬂ-.n'
-~
]
D
v
[

%R"" m e - @ =ty
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nci thém la cac dau phan nhdnh duge b6 trf & day qudn CA vi &
day quin CA dong dién nhd hon so véi dong dién trong day quén
HA do d¢ thist bi ddi n6i cing gon nhd hon.

Viéc thay d8i s6 vong-day cd thé duge thuc hién khi may
nging lam viéc. Trudng hgp nay thudng ding dung vdi cdc m.b.a
ha 4p khi dién 4p 30 c&p thay ddi hoac khi chn didu chinh d:én
ap thd c&p theo db thi tii hang nam.

Néu cong suft nhé thi loai m.b.a nay thudng ¢ ba diu phan
nhdnh & méi pha d€ c¢é thé didu chinh dién &p trong pham vi
+5% U,,, néu cong suit 16n thi mdt pha cé nam diu phan
nhéanh d€ digu chinh dién 4p trong pham vi = 2,56%U,, va
+5%U,,,. Vi viéc d8i nfi thuc hién khi may ngirng 1am viéc nén
thigt bi ddi ndi tuong d5i don gian va ré tign. Thidt bi ddi ndi
dugc dat trong thung diu con tay quay duge dat & trén nép
thing. '

Trong hé théng
dién luc coOng suidt
1dn, nhigdu khi caAn
phai didu chinh dién
ap khi m.b.a dang
lam viée d€ phan phdi
lai cong suit tac dung
va phan khéng gitta
c4c phain doan cia hé
théng. Diégn ap
thudng dugec didu
chinh tiung 1% trong
pham vi £ 10% Uy,
O trudng hop nay
- thiét bi ddi ndi phic tap hon va phﬂu cd cudn khing K (hinh 4-5)
d€ han ché ddéng dién ngdn mach cia bs phan day quén bi ndi
ngidn mach khi thao tac d8i ndi. Hinh 4-5 cing trinh bay qua

A A

Hinh 4-4. Cic kidu didy chinh dién 4p
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trinh d6i néi tit ddu nhanh X| dén dau nhanh X,, trong d6 T, T,
la nhiing cai tiép xic trugt, C,, C, 1a nhitng céngtictd. O nhing
vi tri lam viéc a, e, déng dién chay trong hai nia cua K theo
chidu nguge nhau nén hau nhu tit thong trong 18i cta K béng
khéng do dé dién khdng rdt nhé. Nguge lai & vi trf trung gian C
dong dién ngdn mach chay cung chidu trong K nén tir thong va
di¢n khang lén, do dd cd tac dung lam gidm tri sd cha dong dién
ngdn mach. D& tranh cho diu m.b.a khoi bi bdn, vl déng cat
mach digr, céc cong tic ta C|, C, dugc dat riéng trong mot thing
phu gin vao vach thing dau cia m.b.a.

. Minh 4.5, Thift bj d8i ndi va qua trinh diBu chinh dién 4p cda mba
diBu chinh dudi tai

4.3. HIEU SUAT CUA M.B.A

Hiéu suft 5 cda m.b.a la t] s§ gia cong sust dau ra P, va
cong sult ddu vao Pi:

PZ
7% =—= 100 (4-10)
P
Tri 56 clia 5 nhé hon 1 vi theo gidn dd nang lugng & hinh 4-1
ta thdy, trong qua trinh truy2n tai cong suit qua m.b.a cd tdn
hao dong pc, trén dién trd cia cdc day qudn so cdp va thd cdp
va tdn hao sit tit pg, trong 16i thép do dong digén xody va do tit
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tré. Ngoai ra con phai ké d&n t8n hao do dong dién xoay trén
vach thiing dau va cdc buldng l4p ghép; t8n hao nay ti & v6i binh
phuong cia dong dién nén thude vao loai tén hao ddng pc,.

Nhu vay bi&u thdc (4-10) cd th& viét:

+ pPg
7% = (1 - -E.f)loo =T TP 100 (411
Py Py + pey + Pre
Khi thidt k€ m.b.a ta cd thé tinh duge cdc t8n hao k€ trén va

xac dinh higu sudt 4 béng tinh toan.

Lic van hanh higu sudt # cda m.b.a lam viéc & tdi cd I, va
cosp, cho biéi, co th€ tinh gidn ti€p dugc bang cdch xic digh cac
t6n hao dng voi tai dé can cd theo tdn hao khéng tdi P tdn hao
ngin mach P ghi trong thuyét minh may. Céc t8n hao P, va P_
dude xac dinh do cdc thi nghiém khong tdi va ngdn mach nhu da
trinh bay & muc 34

O tai ing véi I,, cosp, ta ¢d cong suft diu ra:

P, = U,l,cosp,

I

Dat 2 _ B - he s0 tai va vi U == Ugo: = UZOIZGBJ
2dm

= U,lyy., do do:

P, = B8,,co8p,; (4-12)

Tdn hao sdt tif trong 16i thép pg, cd thé xem gin nhu khong
phu thusc vao tai va bing t6n hao khong tai P, {pg, = P} vl
trén thuec t& trong digu kién U, = C'° khi tai thay d6i, tir théng
trong 151 thép thay ddi rét {t.

Tdn hao ddng & cdc day quén phu thugc vac ddng dién taj I,
va bang po, = r,I5 Tdn hao nay cd thé bi&u thi theo tdn hao
ngin mach P = rnI%dm nhu sau:

I
P = Tl = 1 Ide(_2)2 = §°P, (4-13)
I2d|:n
Nhu vay céng thic (4-11) cs thé viét nhu sau:
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P, + §°P,

- o

#84,cosp; + P, + BP_

Thuding thi cdc tdn hao rdt nhd so v4i cong sudt truydn tai
nén higu sust 7 cia m.b.a rit cao. D6i vdi m.b.a dung lugng l4n,
hiéu sudt 5 dat toi trén 99%.

T bi€u thic (4-14) ta thdy, néu cosp, = C'* thi y chi phu
thudc vao § va o6 tri s6 cuc dai & hé s6 tai nao dd ing véi digu
kién:

n% = (1 )100 (4-14)

d " .-
o (4-15)
ds

P
Sau khi tinh todn ta duge 8 = v PO hay P, = ﬁZPn.
n

Nhu vay 12 higu suit cia m.b.a 3& cyc dai & mét tai nhit dinh
dng vdi khi tén hao khéng d8i bing t8n hao bién ddi hay la tén
hao sét bang tén hao ddng.

Thong thutrng m.b.a khéng lam viéc thudng xuyén 4 dinh mde
mé & h¢ s6 tdi 8 = 0,6 + 0,7 nén ngudi ta thist k&€ dé hieu suit
Nmax & trong gidi han d6 cia §. Mudn vay cdu tao m.b.a phai dim
bdo sao cho P,/P, = 0,25 + 0,5.

.Cing chin néu ra rdng, dé danh gi4 hiéu suit cla m.b.a khi tai
thay d8i, ngudi ta xét hiéu suit clia mdy trong mot nam. Do 1a ti
s gilta dién nang & dAu ra cia m.b.a tinh theo kildwat gio véi
dién ndng ¢ dau vao mb.a cing trong thoi gian dd.

Thi du:

V6i cdc =6 lidu m.b.a cho ¢ thi du 6 § Chuang 3, hay tinh:

1) D¢ thay ddi dién 4p AU khi tii dinh muc v6i cosp, = 0,8;
2) Hiéu sufit & tai diem mic dd;

3) He a8 tdi dng vdi hidu suft cyc dai.

Gidi .
1) Trong thi du 6 & Chuong 3, ta d& tim dugec v, = 0,825%,
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u,, = 7,45%. Theo bi€u thdc (4-9) & trudng hop thi cd tinh chat
dién cdm ta co: )
AU% = flu, F.cosp, + u  Fsing,)
= 1(0,825x0,8 + 7,45x0,6) = 5,13.

{N&u tinh theo bifu thic (4-7) thl AU% = §,16%, nghia 1A sai
s6 nhd hon 1%).

Khi tai c6 tinh ch&t dién dung: sing, = - 0,6, ta cd:

_ AU% = 1(0,825x0,8 - 7.45x0,6) - 3,81,
2) Hiéu suit ctia m.b.a @ tai dinh muc trén:

P, + p°P, :
n% =1 - 1
BSymcosp, + P, + F°P,
18,5 + 1%x57
=1 - 100 = 98,34.

1x5600x0,8 + 18,5 + 1%x57

3) Higu sufit cye dai clia m.b.a sé& dng vi hé s6 tAi
/P, 18,5
B=v-— =v — =057

P 57

n

4.4. MAY BIEN AP LAM VIEC SONG SONG

Trong céc tram bifn ap, d€ dam bao cdc diBu kién kinh t& va
ky thuéit nhyu t8n hao van hanh t8i thidu, lien tuc truydn tai cong
gudt khi x4y ra so ¢§ hay khi phai sita chiia m.b.a, ngudi ta
thuding cho hai hodc nhidu m.b.a lam vidc song song (hinh 4-6),

M'b.a lam viéc song song t8t nhdt n&u dién ap thd cdp cta
chiing bang nhau v2 trj s6 va tring nhau v& gdéc pha va nfu tai
duge phan ph6i theo tl 18 cong sufit mdy gi6ng nhau (hay hé s6
ti bang nhau). Muén vAy phai cd cdc didu kién cing t6 néi day,
hé s6 bién d8i dién 4p k va dién ag ngén mach u  nhu nhau.

' Ta hay xét dnh hudng riéng 18 cia ting didu kién k& trén d6i
vdi sy lAm viéc song song cia cac m.b.a.
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t
L
4
|
;
Y%
Hinh 4-7. S¢ db dign 4p va
‘ dong difén coa céc mba cé
Hinh 4-8. S50 db ghép song t8 néi ddy khac nhau 1Am
song mb.a mdt pha. vilc song song

4.4.1. DR kién cang t6 nbi ddy

*N&u cc m.b.a lam viéc song song ¢d cing t3 néi day thi dien
ép thid cfp cda ching & tring pha nhau. Trai lai n&u td ndi day
cia ching khdc nhau thi gitta cdc dién 4p thi cdp sé cd gdc léch
pha va gdc léch nay do cdc t6 n6i dAy quyst dinh. Thi du néu
mb.a I cd t6 ndi day Y/A-11 cdon m.ba II ndi Y/Y-12 thi dién dp
thid c4p cia hai m.b.a sé léch nhau 30° nhu hinh 4-7. Trong
mach né&i lign cdc day quin thd cfip clia hai m.b.a sé xufit hién
moit s.d.d:

AE = 2Esin15° = 0,518E,

K&t qua 134 ngay khi khong tai trong cdc diy quén sd cip va

thit cdp cha c4éc m.b.a 38 cd ddng dién:

AE
I, =— (4-16)
Zq] + Znn



Gia thu z ; = z; = 0,05, thi:
0,618
Iy = =
0,056 + 0,06

Tri s6 dong dién gip hon ndm |An dong dién dinh mic nay sé
lam héng m.b.a. Vi vay quy dinh ring cdc m.b.a lam viéc song
song bAt bude phai cd cing t8 ndl day.

Can chi ¥ réng cd th€ cd trtang hgp ddi lai ky hiéu hoac ddu
lai cdc dBu ddy cda cdc mb.a, ta ed thé€ bign cdc mb.a vén khong
cing t8 n6i day trd thanh cd t8 néi diy giéng nhau va lam vige
song song dudc.

4.4.2. Didu kién ti 86 bién d6i bing nhau

N&u tl 88 bi&n ddi bAng nhau thi khi lam viéc song song dién
dp thi cfp lic khong tdi cda céc m.b.a 8é bAng nhau (E,; = E,)),
trong mach ndi lidn cic day quén thtt cfip ciia chc m.b.a 56 khdng

5,18

. EHI
zmchI/
Geiad]
by
4
v ey
Jby a) b

. Himh 4.3, DD thi vectd vi sy phan phéi 1l cOa cdc mba IAm vide song
song: a. kh khdng i b. khi c6 k khéc nhau
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co dong dién.

Gia thd ti sé
bign dai k khac
nhau thi E;;# By,
va ngay khi khang

tal trong day quan

o ,, thi cdp cia cédc
m.b.a da cd dong

Hinh 4-9. Mach dién thay thé cua cdc mba dién cin bang I
fam vigo song song ginh ra bdi dién ap

AE = Ey - Ey

Dong dién do sé chay trong ddy quan cua cdc m.b.a theo chigu
ngucgce nhau, thi du ¢ m.b.a 1 tit x dén a con d m.b.a Il tir a dén
x, va cham pha sau AE mdt gdc 90" vi trong day qudn x >>r.
Dién dp roi trén cac day quidn m.b.a do dong dién can bang sinh
ra sé bu trif vdi cdc dién dp E,, E,;; va két qua la trén mach thu
cdp sé co mét dién ap thdng nhdt U, nhu trén hinh 4-8a. Khi cé
tdi, dong dién can bang [, sé cong vao dong dién tai [ lam cho
hé s§ tdi 1&8 ra bidng nhau trd thanh khdc nhau anh hudng x4u tdi
viéc 1gi dung cdng sudt cac may (hinh 4-8b).

Vi vay qui dinh rAng Ak ctia cac m.b.a lAm viéc song song
khéng duge 16n qua 0,5% tri 38 trung binh cia chung.

4.4.3. Diéu kién tri s6 dién ap ngin mach bdng nhau

Tri sé dién 4p ngan mach u, c¢d lién quan tryc tiép dén sy
phan phdi tai gitta cdc m.b.a lam viéc song song. Ta hay xét su
lam viéc song song ctia m b.a cd cdc dién dp ngan mach 1 ;. u
%, ;- N€u bé qua dong dién tit hda thi m.a(:h dién thay thé cua
ching cd dang nhu d hinh 4-9 va d5 thi vecto tuong dng trén
hinh 4-10. '

Tdng trd tuang duong cia mach dién:
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1 1
z = = : . 4-17
1 l 1 m i
_ 4+ — + S
Zal Znn Zpin i=§l: Zni

ni
va dién ap roi trén mach dién bang:
AU=U,-T; =21 {4-18)

trong 46 I = [| = I, la dong dién tdng cia cac m.b.a, do dd dong
dién tai cia mdi mb.a: '

zl I
al - zni - E -
mi
I - ! (4-19b)
2l Z,) 1 ’ U;
2o 2
ni
zl 1 _
Izu] = z = 1, (4‘ 191’.‘.)
1L
" nlll’ 22_
ni

Trén thyc t& géc ¢, cla cac tam
gide dién khang khdac nhau khéng
nhidu (o, = ¢, = ¢, nén cic
dong dién tai duge xem nhu triang
pha do d6 trong luc tinh todn c6 thé
thay cdc s6 phic badng médun cua
chung. Ta cd:

U
z, = u, dm
Idm
. . Hinh 4-10. Db thi vects cia
va bifu thidc (4- 19al cd thé viét: céc mb.a lam vide song song
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I
]:’2l e (4-20)

Yy » Ymi
Ixiutl Up;

U U
Nhan hai v& cia ding thdc trén véi —or = 1dm

¥
dml Uldm'ldml

ta duge:

B Sy 3 (4-21a)

L= = - a
s S, .
dml unl.z dmi

trong dd S = U, 114 tng cde cang sufit truygn tai cla céc
mb.a.

Cing nhu vay d6i vdi cdc m.b.a II va III, ta cg:

S
ﬁl[ = 3 (4-21b)
i
" Wi
B
i — (4-21c)
W X =

Tit cée bifu thic (4-21a, b va ¢) ta cd két luan 1a hé s8 tal
cha cdc m.b.a lam viéc song song tl 1& nghich vdi dién 4p nghn
mach cda ching:

2 B8u By : . : (4- 22)
u:Pm = : : g .

Yni  Uanm Yam
nghia 1& n&u u_ cia cdc mAy bAng nhau thi 8 bing nhau, tai sé

phan phdi theo ti 1¢ cong sudt. Nguoc lai néu u  khae nhau thi
m.b.a néo ¢d u, nho s€ ¢d f 1én (tai nang) con m.b.a cd u, lon s&
cd § nhd (tai nhe hon). Khi mb.a cd u, nhd lam viéc d dinh mic
B = 1) thi mb.a cd u, 16n vin hyt tai (8 < 1). K&t qua ]a khéng
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su dung dugc hét cong sult thiét k€ oa cic mb.a.

Thong thudng m.b.a cé dung lhcmg mhd thi u, nhd, dung lugng
“16n thl v, 18n. Nhu v4y dung luomg clic m.b.a cang khdc nhau
quéd nhizu thl khi lam viéc song somg cdmg khong lgi. Cho nén
theo qui dinh u  clia cdc m.b.a lame vifc song song khong dugc
khéc nhau qud + 10% va tl l¢ demg leomg méy vao khodng 3:1.

Thi dy

Cho ba m.b.a cd cung t6 ndi déy quiim wi ti o6 bign d8i véi cic
s6 lidu: S, = 180 AVA, Sy, = 240 RWA, S,_,, = 320 kVA;
w,% = 5,4, u % = 6, u, % = 6,6 Hily xéec dinh tii cia mébi
m.b.a khi tai chung cta m.b.a bing tSmg cBbag suit dinh mdc cia
ching: § = 180 + 240 + 320 = 740 AVA wh tinh xem tdi téng
t6i da d¢ khong m.b.a nao bj qué i bimg bao nhiéu ?

Giai
Ta co:
8, . i80 240
E dmi = + + = 121,8
u, % 54 6,0 65
Theo biu thdc (4-21):
- 740
B =———— = L,125; §; = 1, 125180 = 202,5 VA
5,4x121,8
740
Py = = 1,01; S, = 1,01x240 = 243 AVA
6x121,8
B 140 0,92; § O SZx320 = 2045 kVA
ST e exizrg W T R

Ta th&y m.b.a I c6 u, nhé nh&t bi qwh 4&i nhitu trong khi dd
m.b.a II c6 u, 16n b hyt thi. Tai sSmg tti da 46 khong m.b.a ndo
bi quéd tAi tng v6i khi §, = 1. Lic &6 theo (4-21b), ta c6:

S

5,4x121,8
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hay 1a : S = 657,72 kVA.

R6 rang I2 phAn cong suft dat clda cdc m.b.a khong duce lgi
dung s& bdng: 740 - 658 = 82 kVA.

Céu hdi

1. Xét va mét két cfiu cua day qudn, mudn gu&m AU cla mb.a
phai 1am nhu thé nao ?

2. Sy lién quan gilta cdc thi nghiém khéng tai va ngdn mach
cla mb.a dén viéc xdc dinh AU va # nhu thé€ nao ?

3. N&u xét that chat ché thi tdn hao t8ng 16i thép pp, khi c6
tdi khdc véi tdn hao khong tai P, nhu th& nao ? Tinh chdt cia
tai nhy th& nao sé dng véi pg. > P, va pp. < P,

4. Cho hai mb.a néi Y/Y-12 va Y/Y-6 ¢d cing ti s6 bién ddi k
va di¢n ap ngin mach u,. Mufn cho ching cd th€ lam viéc song
song vdi nhau phai l&m th& nao ? Cing vdi cac digu kién trén
néu hai mb.a cd td néi day Y/A-11 va Y/A-3 ?

Bal tap

1. Cho ba mb.a lam viéc song song vdi.cdc s6 ligu sau:

May Sam; A¥A | Upgm. &V | Upgm AV uy % | T8 ndi day

f 1 000 35 6.3 625 YiA - 1l

[ 1 800 35 53 66 YiA o H

U 2 400 35 53 7 Yia -
Tinh:

a) Tai cha m.b.a khi tdi chung la 4 500 &VA.

b} Tai 16n nhé&t ¢S th& cung c&p cho ho dung dign véi didu
kién khong mét m.b.a nao bji qua tai

_¢) Gid th¢ mdy I dugc phép qu4 tdi 20%, thl tai chung cua cac
mdy la bao nhigu ?
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Dip s6: a. 5 = 98 kVA ; 5, = 1582 kVA
Sy = 1990 kVA;
b. 4548 kV A
c. 5817 kVA

2. Tinh dong dién cAn bing khi hai m.b.a cd a8 1idu sau day
lam viéc song song:

Cac € lidw My | May
Sam  KVA 320 420
U, kv 6+5% 6x£5%
Uy v 230 220
U, % 4 4

Uy % 18 17

T8 ndi day YiA-f Y/AN

Dip s¢: Ly = 496 4.
3. Cho mot m.b.a ba pha t-réi cdc 88 ligu sau: S, = 20 RVA.
U,/ U, = 6/0,4 &V, P .= 0,6 &W, u,% = 5,5, n6i Y/Y. Tinh:
a) u,(V), u (W), u, (V) (dién 4p thdp bi néi ngin mach).
b) z, r, x,, cosp, .
c) AU% lic he s4 tai 0,25; 0,5; 0,756; 1 va hé s8 cdng suft cos
¢, = 0,8 (dién cam). '
d) Bist P, = 0,18 &W, tinh hiéu su&t ciia mdy & cc tai ndi
trén. .
Dép s6: a. U = Vix 0V Uy = vix 14 V;
Uy =V3ix189V
b. Z, = 99 & x, =83 Qr, =543 Q
c. AU = 1,29%; 2,58%; 3,87%; 5,16%
d. % = 94,84%; 96,04%; 95,86%:
95,35%.
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4. Cho m0t mb.a ba pha of S, = 1000 kVA, U /U, = 10/0,4
AV dfu Y/Y,, u (%) = 55, P, = 12500 W. Tinh:

a)u,, u,..
b) AU khi mb.a B vite & 3/4 tai dinh mdc vdi cosp, = 0,8.

Dipsk  a u, = 1.25%; u, = 5356%
b. AU = 3,16%.
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Chuong §

MAY BIEN AP LAM VIEC
v3l TAI KHONG DOI XUNG

5.1. DAI CUONG

Mb.a lam viéc khong d6i xing khi tai phan ph&i khang d&u
cho ba pha, vi du: mét pha cung cdp cho 1o dién do dd tai nang
hon hai pha kia hoac khi x8y ra ngdn mach khong d6i xing
(ngin mach mot pha, hai pha,..). Dong dién khdng bang nhau 4
cdc pha gay Anh hudng x4u d&n tinh trang lam viéc binh thuang
cha m.b.a nhu dién ap day va pha sé khéng déi xidng, tn hao
phu trong day quén va l&i thép tang lén, dd chénh nhiét cla mdy
vudt qua qui dinh...

Dé nghién ciu tlnh trang lam viéc khong d6i xing clia mb.a,
ta ding phuong%hap phadn lugng d6i xdng. Hé thdng dong dién
khong d8i xing I, I, I, dugc phan tich thanh ba h& théng dong
dién d6i xdng: tha tu thuan L, I,,, I ,; thd tuw nguoe 1, I,,, I,
va thu ty khéng I, I, [ . Quan hé giita ching nhu sau:

ant

I, 11 v
LI = {1 @ ul (5-1)
I 1 a a’ I
va | L, 1 1 A :
1 2
al =3 1 a7 a I, 5-2)
I, 1 a~ a I

oni —
trong dé: a = ' a? = val +a+a’=0

Khi tai cia m.b.a khong d6i xdng bao gis ta cing cd thé phan
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tich thanh cdc phan lugng, thi tu thuan va nguoc, riéng phan
lugng thu tu khéng trong ba pha do cd tri 86 bdang nhau va trung
pha v& thdi gian nén chi tdn tai khi day quin n6i Y, hoac A

Can ché ¥ rAng phuong phap phan luong d6i xing dua trén co
88 cla nguyén ly xép chdag. D€ dng dung duge nguyén Iy dd, ta
gid thi6t ring mach tit cia m.b.a khéng bao hoa (u = C'). Ngoai
ra khi phan tich ta xem nhu da tinh d6i cac lugng thi cdp ve
phia so cip va dé€ don gidn bdé qua dfu phdy. '

5.2. MACH DIEN THAY leé VA degG TRG CUA M.B.A
P01 VOI CAC THANH PHAN bOI XUNG

H¢ thdng dong dién thd tu thuan chinh 1a hé thdng dong dién
d4i xidng ma mach dién thay thé va cic tham s6 cia m.b.a déi vdi
hé théng dong dién nay ta da xét d Chuong 3.

Hé thdng dong dién thid ty nguge trong m.b.a cing cd tac
dung ho&n toan giéng nhu hé théng dong dién thi tu thuan bsi
vl néu dem trdo trén hai trong ba pha phia so cdp (thi dy B va
C) va phia tha cfp (thi du b va ¢) thi hién tugng trong m.b.a
khong c6 gl thay d8i. Cho nén mach dién thay thé& va tham s6
"~ cfla m.b.a d6i voi hé thong dong dién thd ty ngude khéng cé gi
khic so v6i hé thong dong dién thd tu thuén. ’

Hé¢ théng dong dién thid ty khong & ba pha sinh ra trong m.b.a
cdc tit thong thu ty khong @, tring pha v thdi gian. Trong td
m.b.2 ba pha, tit thong ®,, khép mach trong 156i thép: do tu trd
cia 16i thép nhé nén ngay khi I, = 1, = [, nhé cling 6 thé
sinh ra duge @, 16n. Trong m.b.a ba try, tif théng &, phai khép
mach qua vach thung du va ddu m.b.a & d6 tif trd 16n nén ti
thong @, nhd hon (hink 5-1). Ti thong &, va I, ciing sinh ra
trong cdc day quén sd cdp va thu cfp cic s.d.d tu cadm va hd cam
va ta cdng cé th€ thanh lap duge mach dién thay thé hinh T
tuong tu phu d6i véi trudng hop dong dién thd tu thuan. Ta hay
xét nhitng trudng hgp cd dong dién thd ty khong, khi m.b.a cd t8
ndi day quén: Y /Y ~Y /A va Y/Y ohu & hinh 5-2.
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Khi m.b.a n6i Y /Y  hoac Y /A, dong YT 7 7
dién thu ty khong tdn tai ca trong day e
quén so cdp va day quédn thd cip, nén
dang mach dién thay thé d6i v8i phan
lugng thi tu khong khong co gl khac vdi
dang mach dién thay th€ cda phan lugng
thi ty thuan (hinh 5-2a va b). Chui ¥
ring khi m.b.a n6i Y A thi phia tha cdp
cia mach dién thay th€ bj ndi tét vi & “r \
trudng hop day qudn thid cdp ndi hinh A Hinn s-1. TU trudng do
dong dién thi tu khong khong chay ra  dong dién thil w khong
mach ngoai. trong mb.a ba pha ba try

YEFENT TV T» V.

RN

Né&u mb.a ndi Y/Y, thi vi phia n6i Y khong cé day trung tinh,
dong dién thd tv khong khong tdn tai, nén phia dd duge xem nhu
d& h& mach (hinh 5-2¢)

31‘0 e

dag —=
jo—-

ICG—.-

a) b) ‘),

Hinh B-2. Cdc mach dién thay thf mba d& vdi thinh phlin thi W khang
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Trong cdc mach dién thay th& cia m.b.a d¢ng vdi phan lugng
thi tu khoéng trinh bay & hinh 5-2 cdc tdng trd Z, =1 + jx VA
Z, = Y, + jx, khong c¢é gi khac véi cac tdng trd tuong ing cila
phan lugng thy ty thuan va nguge. Tong trd tit hda cda phén
lugng thit tu khong z, o6 tri s§ phu thuéc vao cdu tao cla mach
tir. Néu la t§ m.b.a ba pha thi z,,, = z,. Néu 2 mb.a ba pha ba
tru thi vi @ khép mach qua diu va vich thung dAu nén z__ nho
hon (thudng z,, = (7 + 15) z,).

Cang nhu d6i véi truong hop phan lugng thd ty thuan, s.d.d
thd tu khong E, | do tir théng &, sinh ra ¢d thé duge bidu thi
nhu sau:

Elo = - zmoimc) (5-3)

Trén hinh 5-2 cing trinh bay cdc mach dién thay th& don gisn
héa. O cac trudng hop Y /Y, Y, /4, dong dién thit ty khong ton tai
cé & hai phia so va th@ cip va gin can bang nhau. (I, = - I ),
nén dong dién tiu hda thd tuy khong imn cAn thiét d€ sinh ra ¢,
r&t nho. Trong nhing trudng hgp nay cd th€ bd qua nhanh ti
héa vacd z, = z; + z, )

Tit nhitng mach dién
thay th&€ d hinh 5-2, ta
thdy rdng téng trd thu
ty khéng cia m.b.a 2,
tic la téng tréd co duoc
khi do & mét phia véi
digu kién day quén phia
kia n6i ngin mach cd tri
s6 gidi han gida téng tro
ngén mach z, va t6ng
tré khong tai z.

"Hinh 8.3. SO dB ndi ddy xac dinh
tdng trd thi ty khéng cda mba

Tri 88 z,, cd thé xac dinh duge bang thi nghiém theo so dd néi
day & hinh 5-83. Véiso dd dd tacd I, = I, = I. = I, N&u phia
thd cdp khéng e¢d dong dién thd tu khong thi ciu dao T d€ mé,
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ngtoe lai néu ed dong dién thi tu khang thi 7 ddng mach.

Theo 36 ligu L', T va P do duge ta cd:

U
2, =— 15-4)
3l
P
r, T—~ 15-5)
31-

x, =V z- {5- 6y

N TV IT)

5.3. TAI KHONG POI XUNG CUA M.B.A

5.3.1. Khi cé6 dong dién thu tu khong
a) Truong hdp day quin néi Y/Y
Vai ta ndi day nay khi tai khong déi xing ta cd»
I+, +1.=0 (5-7)
i” + i,, + I =1 t5-81
Phan tich cac dong dién pha so c¢ip va thu cdp thanh cdc phan
lugng dai xvng ta thdy rang. cac dong dién thyd ty thuan va
ngude s0 cAp va thia cap cin bang nhau. Cac dong dién tit hoa,

o

thi tu thuan va ngvoe 1. 1. c¢lia cdc pha sé sinh ra cac s.dd
I, ' _
ho =73 tOn tai

= I(.” = {} nen

E.. E, E. Riéng dong dié¢n thd ty khong [ =1

i phia thi cap khong duge can bang vi [ =1
s¢ sinh ra & va sdd thd tu khong E

e tucn,ghddi ién.

Nhu vay cac phuong trinh dién ap phia su cAp sé nhu saw;
{'T‘-\ = i.\zl . E\ . Emu

L:'H = lpdy - By - E?‘m.- -9

Ue = 12, - E¢ - :

+ 'I( = va E‘\ + I:]“ + L( = 0. ta suy ra duge

vVo+ U+ U= - 3E = 3 2 th-10n

mir Mmoo
Mat khac khi day quan so cip nét Y.

mee

Vi '[\ v I

14
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I:JAB = Ua‘ UB

Uca = U_ - U
T cdc bigu thic (5-10) va (5-11) ta tim dude cac dién ap pha
80 cap:
UA = 3 (UAB T UCA) + Iao mo U + Idozmu
Ug = 3Upc - Ugp) + Lyozpe = U'p + Lyyzy,  (5-12)
Ue = —(UC“,L - U Bc) + IcO mo = Ue + Imzmo

Db thi vectd tudng
ing voi cdc phuong trinh
{5-12) duge bi€u thi ¢
hinh 5-4. Ta th4y rdng
anh hudng cia dong
dié¢n thd tv khong lam
- cho difm trung tinh cua
dién dp so cflp bj léch di
moét khodng bang |

Cdc phuang trinh
dién Ap thd cdp sé cd
dang:

80 mo’

A

Minh 5-4. Didn 4p khing d& xdng do
diém trung tinh bi xé dich

- U, = Uy - 12y + Lz; = Uy + L2y,

- Iay + Lz + (4, + L, + Lz, (5-13)
Vil,, = -I,; IA2 = -I,vaz,  + 2, =z, nén:

S U, =0y -1z, + 1z,
Cing nhu vay:

U, = U -1 z, + I Z,,

0= e+ Do (5-14)

Cdc phuong trinh (5-14), chung té réng do cd dﬁﬁg di¢n tha
tu khong, di€m trung tinh cia dién ap thid cdp bi léch di modt
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khoéng iaozm l4n hon so vdi khodng léch cha dién ap so cp
[“,Zmu Thue ra sy khdc nhau dé khong ddng ké, vi z | = z,..

Sy xé dich diém frung tinh lam cho digén d4p pha khéng d8i
xing va bit 1¢i cho 2dc tai lam viéc véi didn 4p pha nhu den
dién. D€ han ché su xé dich di€m trung tinh ngudi ta qui dinh
dong dién trong ddy trung tinh I; < 25%I, . Ngoai ra t6 m.b.a
ba pha khong dugc dung td ndi day Y/Y, vi z_, qud ldn. Déi v6i
m.b.a ba pha ba tru, vi z nhé hon nén cho phép dung té néi
day Y/Y, v6i digu kién S, < 6000 kVA.

b) Trudng hop day quén néi Y /Y, Y /A

O nhitng trung hop nay, dong dién thu tif khéng ton tai cd &
phia sa va thit cdp va cAn bing nhau: IALO = -Iw, . nén khéng
sinh ra tit thong &, va s.dd E_. Nhu vy cic phuong trinh dién
dp thii cdp sé nhu sau:

- Ua = UA - IAzn

- U, = Uy - Lz, (5-15)
- U(‘ = U(* - ICzn
Vi I, +Ig+ 1. =14
nén tit (5-16) suy ra duge:
U, + U, + U, =zl (5-16).

1
Di€m trung tinh sé& bi léch mét khoang I z = 3 I4z, Sy xé
dich nay khéng ddng ké vi z_ rdt nhd.

5.3.2. Khi khdng ¢6 dong dién thir tu khéng

Trudng hop nay dng véi cac t8 nsi day Y/Y, AFY, Y/A va A/A.
Do khéng cd dong dién thd tu khdng, hon nita cdc dong dién
thuan va nguge phia so cdp va phia thi cdp hoan todn cin bang
nhav nén khdng can thiét phai phan tich thanh phin lugng déi
x¥ng va cd thé ding phuong phap théng thudng dé nghién ey
dién dp tirng pha. Sy lién quan giita cac pha chi can thiét khi xét
dén dién 4p day va dong dién day. Chu ¥ rang & day khi tai
khong can bing, AU & cdc pha khéng bing nhau, nhung vi z, nhé
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nén su khong can bang vé dién ap pha va dién ap day khong
nghieém trong. Trén thuc t&, ndu tai khong d6i xung vai muce
phan lugng thi tu nguoc.l, khdc phan lugng thy tu thuan [
khong qua 5% thi dién dap duge xem nhu d6i xiing.

5.4. NGAN MACH KHONG DOI XUNG CUA M.B.A

Ngén mach khong d6i xing xdy ra khi do sut ¢ & phia thit cdp
mot pha bi ndi tat vai day trung tinh, hai pha néi tat nhau hoac
hai pha ndi tat voi diay trung tinh. Nhing truong hop ké trén o6
thé xem nhu 12 nhiung trutng hgp gidi han cla tai khong dai
xdng. D& phan tich cdc trudng hgp ngan mach khong ddi xung,
ta ciing 4p dung phucng phap phan lugng ddi xing ndi & trén.
Chu ¥ rang dong dién & nhitng pha bi noi-tdt la dong dién ngan
mach ¢6 tri 56 rdt l6n cdn dong dién tai & cac pha khac duge xem
nhu bang khong vi rit nhd so vdi dong dién ngin mach.

Hinh 5-5 trinh bay k&t qua phan tich v& su phan phéi dong
dién gidta cAc pha ciia mat s6 trudng hop ngan mach khi khong

a5 0ok
A ‘ a
33 - reaY
b

a}

b)

(]

Hinh 5.5. SJ phian bd déng dién gida céc pha khi ngdn mach
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ct dong dién thd ty khong thinh 5-5a. b va c¢) va khi cd dong
dién thi ty khong (hinh 5-5d va e). -

Céu hoi
1. T8ng trd tu hoa cha thanh phén thi ty khéng z_  cua to

e
m.b.a ba pha vd m b.a ba pha ba try trong hé don vi tuong déi
vao khoang bao nhiéu ? So sdnh véi tri s§ cha tdng trd ngan
mach z. '

2. Tit théng &, va tit thong @, (xem Chuong 2) cta ba pha
d2u triang pha v4i nhau v& thdi gian va cd thé khép mach trong
15i thép clia t6 m.b.a ba pha nhung khac nhau nhu thé€ nao ?

3. Phan tich trudng hgp ngan mach mét pha cia m.b.a néi
Y'Y, vé & hinh 5-5d. V& do thi vecto dién dp Ung véi trudng hgp

<

do.
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Chuong 6

QUA TRINH QUA B0
TRONG MAY BIEN AP

8.1. DAI CUONG

Qua trinh qud d6 trong m.b.a x&y ra khi c¢d sy thay d6i dot
ngdt trong ché do lam viéc cia mdy, vi du nhu khi thao tdc dong
mAy vao ngudn, khi tai thay d3i hoac khi xay ra ngdn mach...
Trong thai gian rft ngin cta qua trinh qua d8, ¢6 thé xudt hién
dong digdn r&t l6n hodc dién ap rdt cao lam héng day quédn cla
m.b.a, vl vAy clin dugc phan tich va chu ¥ khi thist k& cing nhu
khi van hanh. O day ta 8& nghién citu hai hién tuong chinh sau:

a. Hién tugng qu4a dong dién;
b. Hién tugng qud dién ap.
6.2. QUA DONG DIEN TRONG M.B.A

Hién tugng qud dong dién thudng xAy ra khi déng m.b.a vao
lusi dién tdc khong tdi hodc khi x4y ra ngAn mach dot nhién.

6.2.1. Déng m.b.a vao luéi dign khi khdng thi

Nhu ta 44 bist, khi m.b.a lam viéc khéng tdi, dong dién khong
tai I, rdt nho va khong vugt qud 10% I, . Nhung trong qui trinh
qué d6 khi ddng m b.a khéng tdi vao ludi dign thi-dong dién I,
tang g&p nhiBu lan déng dién dinh mic. Ta hay xét hién tuong
dé d6i v6i m.b.a mot pha vé & hinh 6-1.

Khi ddng m.b.a vao ngubn dién ap hinh sin thi theo dinh luat
cin bAng s.d.d ta cé:
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dd(*)

U, sin (et + ) =ir + w, (6-1)
trong d6 y - gdc pha cida dién dp lic ddng mach.
Quan hé giita ¢ va i trong
"m.b.a la quan hé cha dudng e S
cong tir hda, vi vay phuong DR I e Sy )
trinh vi phan khéng dudng . "
thAng. D& viéc tinh todn duge Y, .;.; "
ddn gidn, ta gia thiét rdng tu ~ .
thong tl 18 voi dong dien i, I3 ' T
nghia Ja: : e i
1 w, P -
° L Minh 8.1, 80 db déng mba vdo Wi
trong d¢ didn cAm cia day din loc khéng tai .
quén so cdp L, 1A hing s6 va
phuong trinh (6-1) cd dang:
Im . - 'y dd
— sin{ewt+y)=— & + — {6-2)
w, L, dt

Nhu dé bi&t tif mén hoc Co s& k¥ thuat dién, trong qu4 trinh
qud d6 tit thdng ©, nghiém cia phusng trinh (6-2) gbm hai
thanh phin: '

b =¢ + @ {6-3)
trong da:

- Thanh phin x4c lip cia tir théng:

o 7
@' = P sin(wt + y - —2—) = -Q_ cos(wt + ¢) (6-4)

vai:
LIUIm

¢ =
" owy/ i+ wl)”

(*) Phudng trinh (6-1) khong thé gidi duge hAng phudng phép gidi tich ma chi cd 1hé
gidi duge gin diing bing phuang phap phin dogn lién ti€p hodc bing may linh dién 1.
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- Thanh phan tit thong tu do:
. ;
“—

1. -
& = Ce 16-5)

Hang 36 tich phan C dude xic dinh theo digu kién ban dau,
khi t = O trong 161 thép c6 mdt tif thong du = @, nio do:
b, =@ + P = -Peosy + C =2, hayla
C = ®_cosy = b,
Nhu vay:
y
——t

" = (P cosy = Py e I6-6)
Theo cac bigu thiic (6-31, (6-41 va 16-6), ta duoge:

| a
® = -P_cos(wt + y) + (b cosy = Dy)e ty (6-7)

Tu bigu thue i6-7) ta thdy rang, didu kién thuan lgi nhat khi
ddéng m.b a khong tai vao lu6i dién xay ra lic y = /2 (dién ap
¢o tri 86 cuc dai) va &y, = 0.

Lic do:

o
® = - b _costwt +§) = @ _sinwt, (6- B)

nghia la trang thdi xdc lap duoce thanh lap ngay va khong xay ra
qua trinh qua dé6.

Ngude lai digw kién bAt lgi nhat xdy ra néu khi dong mach
y = 0 (dién ap hic do bang khong) va &, cd ddu duong. Lic da:

r
LT ,
G = - Cbmcos;wt + (P, + deule l 6-9)

va duong bifu dién tuong ing trinh bay § hinh 6-2. Tt hinh 6-2
ta th&y rdng tit thong @ sé dat tdi tri s cuc dai 0 thai gian nua
chu ky sau khi dong mach, nghia [a khi wt = 7.
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Vir, <<w Lj, nén: &
l'l rl.!'[ .
- t -
e —'_l = e -E!:I = ]
do d6 theo bi¢u thie (6-9) &
thai difm dng voi wt = 7, ta /
duge: -L/
P
D™ 20 +. P4, (6-10) f
Nhu vay @ 16n gdp hai -,
1an tri sé ti thong lic 1am _L‘

viée binh thudng cho nén 16i
thép rdt bao hda va dong Hinh 8-2 SU bién thign cua tU théng
dién tit hda i, trong gqua "’_: ﬂf’ e do déng ma“.Ch vol
trinh qué 46 sé 16n gip hang didu kign khéng thudn I¢i nht

tram lin tri s6 dong dién tu

hda xac lap I,. Gia thd khi lam viéc binh thuong I, = 5%I, , thi
trong trudng hop déng mach ndi trén, dong dién qua 4 bang 100
Io =35 Idm' ‘

Vi thdi gian qué d9 rdt ngan (6 + 8 s) nén ddng dién qua do
khong nguy hi€m d6i vdi m.b.a, nhung ¢d thé 1am cho role bao vé
tdc ddng, cAt m.b.a ra khéi ludi dién, vi vy cian phai cha y d¢
tinh toan va chinh dinh rgle cho ding.

6.2.2, Ngén mach dét nhién

Ché& d¢ ngan mach x4c lap da duge nghién ewu d Chuong 5. o
day ta xét qua trinh qud d6 tir khi b4t dau xdy ra ngdn mach cho
tdi khi thanh lap ché 46 ngin mach xdc lap. Trong qua trinh qua
d¢ ndi trén, dong dién sé rdt l6n va cd thé lam héng mb.a, vi
viy cin phai duge chu ¥ dac biét.

Gia thit mach thd cép ctia m.b.a vi cich dién héng hoac vi
thao tdac Iam l4n bi néi ngdn mach nhu hinh 6-3a. Céng nhu
trudmg hop ngédn mach xac lap, 16i thép m.b.a khong bao hoa va
mach dién thay th€ ctia m.b.a nhu hinh 6-3b trong d¢ cdc tham
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al b)

Hinh 8-3, 5S¢ dB lic mba bi ngdn mach

sér,=r +ryvax, =x, +x = wl, |2 nhitng hing s6.
Phuong trinh bigu thi qud trinh quéa d6 khi ndi ngdn mach 4ot
nhian mach dién hinh 6-3b ¢ dang:
) di,
U psinfwt + ¢ ) = ri + L, 3
t
trong d6 ¢, - goc pha lic x4y ra ngdn mach.
Giai phuong trinh trén v&i dibu kién ban diu khit = 0,1, = 0,
ta duge:

{6-11)

U
= - Im cos{wt + ¢ ) +
ry + (wl)
r
U - nl
+ Im T

FET LR Ve
r, + (w o

rn
= - ¥V 2 coslwt + y )} + VZI cos wne- - (6-12)

trong dé 88 hang ddu la thanh phan dong dién xdc lap va 36 hang
thui hai 12 thanh ph&n dong dién ngan mach tu do.

Tit bidu thve (6-12), ta thdy rAng ngdn mach xay ra b4t lgi
nh&t khi v, = 0. V6i r, << wL, ta cd:
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rn
: - I
= -\'Fﬁlncoswt + V2Zle T,

iI'I

va dong dién dd sé dat tdi trj 36 ldn nhét (hodc tr s6 xung)
- :‘T - P
sau thoi gian t =— , lic dd:

w

a I'n

i, = V21 +e ™) =v2k, | (6-13)

Dung lugng ciia m.b.a cang 16n thi tri s8 k,, cang l6n. Thuong
tri 86 dd nam trong gidi han kxg =12 + L8

Thi du d&i vai m.b.a dung lugng 1000 AVA v4di cac s8 ligu
uw % = 6,5 u % = 15 u % = 632, thi:

.‘l'l’n ﬂl]r”

ke, =1 +e =] 4+ Mm = 1,475

va dong dién xung bing:
100

i, = V2 k, = vZ 1,475 = 22,7

u, .

nghla la gdp hon hai muoi lan dong dién dinh mec.

Khi ngin mach gitta ciac vbng diy bén trong m.b.a, dong dién
Xung con lén hon ca tri s6 trén.

Véi tri s6 16n nhu vay, dong dién ngén mach lam cho day
qudn ndng kich liét va bi chdy, ddng thoi gy ra nhing lyc co hoe
I6n, pha hoai két cdu cta diay qudn,

D& bao vé ngan mach, bén ngoai m b.a, ngudi ta thudng dung
nhiing role tac dong nhanh dé€ tach chd cd su ¢f ngdn mach ra
lam cho ddy quén m.b.a khéng bi ndng dén miic hong. Déay quin
m.b.a thuong bi héong khi x4y ra ngdn mach béen trong gida cdc
vong day. D€ bdo vé ngAn mach bén trong m.b.a, ngudi ta thudng
dung role hoi d€ cat m.b.a ra khéi ludi dién.
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6.3. QUA DIEN AP TRONG M.B.A

-Khi 1am viéc trong

ludi dién, m.b.a thudng ’
chiu nhiing dién 4p xung _;__L 72U
kich, chn goi 1a qud dién u
ap, cd tri s6 16n gdp . E\1 A\
nhigu 1an tri sd dién dp . l[ - t
dinh mide. Nguyén nhan . L

o ) e, T ¢,
dén dén qua dién dp cd "]I vy
thé 12 do thao tdac ddng IR TP 70777 77 TR

cAt cac dudang day, cac

mdy dién hoac do ngdn  Winh a.4. Séng didn 4p xung kich i
mach néi d&t kém thes va phan xa 4 diu mb.a

‘hd quang hoac do sét

danh trén dudng day va sdng sét truydn dén m.b.a. Qua dién 4p
do sét ddnh trén dudng dAy cdn goi 1& qua dién ap do khf quyén
¢6 tdc dung nguy hi€m d4i vdi m.b.a hon ca, vi cd trj s6 rat 16n,
dén hang triéu von.

Khi xay ra qud dién 4p trén mét bo phén nao dd cta tram
bién Ap v&i téc 40 ghn bing tdc dé 4dnh sing. D€ bio vé chc thikt
bi trong tram lu&i dign, sdng dién 4p xung k{cla truy®dn nhanh dén
cdc thigt bi cha bi&n ap, ngudi ta dat nhitng bo chéng sét c6
nhitng khe hd thich dang dé€ sau khi didn dién tich cva séng xung
kich xuéng d&t khong
xay ra hd quang & khe ¥
hd do tdc dung caa (EV)
dién Ap lam viée cla 400
ludi dién. Sau tdc dong
clid bd chdng sét, dign
4p cua sdng xung kich 0 10 20 30 40 50 1 bidg)

200

~r.ogidm di nhidu va cdc

= ~thiét bi 'ant trong tram yian 8.5, Séng didn &p xung kich do &b quyén
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nhu mb.a chi cén chju tdc dung clia dién ap cd tri s6 bing 4 ~ 5
1an dién 4p cla ludi dién. Cing cdn phai chi ¥ radng, khi sdng
xung kich dién dp truyén tii dudng day dén m.b.a do cd sy thay
d6i ctia t6ng trd (tfng trd ctia dudng dAy nhd so voi téng trd cua
~.b.a) nén sdéng phan xa dién dp cd bién d6 tang gip d6i nhu
hinh 6-4. '

Sdng dién 4p xung kich do khi quy&n thudng cé dang khong
chu’ ky v8i dau song Oa rit déc va dudi sdng bang phing hon
(hinh 6-5). Thai gian tac dung cla séng zung kich chi vae
khoang vai phin triéu gidy, nén d3u sdng cé thé coi nhu mét
i)h&n tud chu ky cta mét séng dién 4p chu ky cé tin s8 rét cao
(f = 10.000 = 50.000 H2).

Duéi ddy ta xét tdc dung va hdu qué cla sdng dién 4p xung
kich d6i véi mb.a va dua ra phuong phdp bido v& chn thist.

6.3.1. Mach dién thay th& cua m.b.a khi c6 qua dién ap
Ta biét riing ngoai dién trd r va dién khing x; = wL, d4y quin

mb.a cdn ¢6 dung khing x- = - do cd dién dung gitta cdc

vdng day va gilta ddy quén d8i vai d4t (16i thép nhu trinh bay &
hinh 6-6a). Trong hinh, C; - dién dung gi¥a cdc vdng day hosc
gita cac cudn day va C - dién dung gita cac vong day hoac cdc
cudn day déi vai dat, O ch€ d6 lam viéc binh thudtmg v&i tAn s6
= 50 Hz caa iudi dién, cac dung khdng x. k& trén rit l6n so
vdi r va x; nén khong ed Anh hufing dang k€ dén su lam viéc cla
mb.a va ta ¢6 mach di¢n thay th€ m.b.a chi gdm cd r va x; nhu
da trinh bay & nhing chvong trude. Ngudce lai, khi x4y ra qud
dién dp vai tAn s8 rdt cao nhu da ndi & trén, dung khdng x. rat
nhé so v4i r va x, va ¢0 tdc dung quyst dinh. Lic dé mach di¢n
thay thé ctta m.b.a cd dang nhu trinh bay & hinh 6-.6b va day
gqufn m.b.a duge xem nhy mét mach dién ddng nhat cd tdng dign
dung doc: '
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Hinh d.8. Sd db bifu thi day quin ctia mba va tic dung cia
s6ng didn dp xung kich

6.3.2. Sy phAn b6 dién &p doc dy quén

Theo hinh 6-6b, do c¢d cdc dién dung Cy nén Me sdng xung
kich truy®n vaoc diay quéin trong qua trinh nap dién ban dau, cas
dién tich phan b6 khong ddu tréw cic dién dung C; doc day quin.
Ké&t qua la dién 4p roi trén cdc phAn L@ C; khing déu nhau va
gidm dan tif dBu A dén dhu X cia day quin theo qui ludt sau day:

Né&u day quén néi dat:

shax
w = U, e {6-14)
v néu diy quidn khong ndi d&t:
chax
u = U, o (6- 15}
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trong do U, - bién d6 cia sdng dién dp sung kich; a = V —%q
véi qui udc chidu dai day quin bing mét. d

Duong bidu dién sy phAn b6 ban dhu cha dién 4p doc day
quén nbu trén hinh 6-7. Ta thdy ring khi @ = 0, thi dién 4p sé
phéan bd d&u doc theo chidu dai cha day qudn (u, = xU Al Néu a
cang 16n, sy phan bd dién dp ban dAu doc diy qudn cang khéng
déu, dién ap roi tap trung chd yéu vao dau cia day quin. Khi
a > B, su phan bd dién 4p ban dau khoéng phu thudc vao vdn d@
néi dft cua day qudn.

_T{O ‘ e 1.8 \
| 08 a,sL s
i ‘d:o \ \\"ﬂif
Y 0s e y \ i S
04 - *
. , - 04
| v \{ 5 \ o|-5
Xx 10 \\‘ o
] ~— . o=r0)
10 08 0 94 g2 ¢ M o8 o a4 @2 0
Wmo_h»
A x v A X
a; b

Hinh 6.7, SU phan b8 didn 4p ban diu doc day quén
khi néi gy, va khi khéng ndi d5t

D€ th&y rd mdc d6 phan b6 dién dp khopg dBu, ta hay xét
gradien dién dp d6i vdi trudng hop day qufin ndi dit:

T gy, Do (6-16)
dx sha

va d6i vdi trudng hop day quén khéng néi d4t:
W | gy, (6-17)
dx cha
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Gia thu a = 3, thl 6 dau day qudn (x = 1), tha = eth =

nén trong ci hai trutng hop:

duy

dx x=1
~va dién a4p ban diu trong trudng hop phan bd khéng déu d cujn
day ddu tién 1én gfp « lin dién dp ban d2u trong trudng hop
phan bs déu. Vi vay phai tang cudng cdch dién cla cic vong day
va cdc cudn day din dau tién cua day quin. _

V1 ngoai dien dung C cén ¢ didn tod r v dién cdm L, toan bd
day quin la mét mach dao déng nér sau sy phan b6 dién ap ban
dau 12 mot qué trinh dao déng dién ti tin s6 cao, Do dd t8n hao
trén day dén, chit cdch dién va trong 16i thép nén dao dong dd
t4t dAn va sy phin b6 dién ip cudi cing s& nhu dudng 2 trén
. hinh 8-8. Bién d¢ clia dac dong & mot diém tiy ¥ trén day quén
bang hiéu s6 trj s6 dién 4p ban dAu va tri s6 dién d4p ldc cudi &
diém dd, vl vay duding bi€u dién dién 4p cuc dai cia cdc dim
doc day qu4n d6i vai dit la dudng 3. [Pudng didt nét trén hinh
6-8 cho théy sy phan b8 dién ap doc diy quin ¢ mot thoi di€m
cia qué trinh quéd d¢.

= xU,

uﬂ Un
hd

™ 3 ATV
! [P r | :
;,2|.x SBLuIEE
a) [NIHOR, I
7N SN L[]
\:_'_____4 o
P A o g T G ETYIYYY YV
A x A x

a) b)

Hinh 8-8. Qué trinh qua dB trong ddy quin mba do song didn 4p xung kichy
a. diy quin néi d4t b diy qudn khéng nd dit
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Tu hinh 6-8 ta thdy rdng, trong qua trinh qu4d do doc day
quén cd ché dién 4p véi d&t 16n hon U, va & cubi day quén
khéng néi ddt dién ap gédp hai lAn U,. Gradien dién 4p cling rét
lén cd d giita va dac biét & cuéi déu quén, vi vy cAn phai ting
cuting cdch dién & dd.

6.3.3. Bado vé& m.b.a khéi qua dién ap

Do tdc dung cia qua dién ap cach dién cha ddy quin m.b.a cd
thé€ bi xuyén thing, vi vy cAn ¢6 nhiing bién phdp ngén ngita.
Théng thudng céc cudn day & diu va & cubi day quéin duge tang
cudng cdch dién ban:: cdch quén thém nhidu 16p gidy céch dién.
Didm trung tinh (difm: cudi) cia day quin cia nhitng m.b.a dién
ap bang hodc ldn hon 35 EV cing thudng duge ndi d4t.

Ngoai ra ngudi ta cdn dung mét s8 bién phap cd hiéu lyc khac
4€ bao vé m.b.a khéi qud dién dp blng cach lam gidm hosc triét
tidu qua trinh dao dong dién tif ndi trén. Mudn vay phai lam sao
cho duong phan bé u.;n 4p ban dAu gin gidng dudng phan bs
dién dp cudi cing. Mudn vay, trén thyc t& ngudi ta ch& tac nhimg
dién dung man chian C_,, nhu trinh bay & hinh 6-9 sao cho céc
déng dién qua ching lic nap dién bing hoac gin bing cac dong
dién di qua cac dién dung Cq. Nhu viy dong dign di qua cdc dién

ANIULARME IR,

Hinh 6-9. Varnh man chin v cdc vong man chin & diu dAy quén
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dung doc dAy quén C, sé& khéng d6i, do dd ngay itc ban dau dién
ap dd phaAn b6 d2u hodc ghn dBu doc ddy quiin thinh 6-10), Két
qud |a bién do cta dao déng sé& rét nhé hoic dac dong 36 khong
x4y ra Cédc dién dung man chdn thuong duge ch€ tao thanh
nhilng vanh hodc vong kim loai, khuy&t 16t doan 4¢€ tranh trd
thanh nhitng vdug ngdn mach va néi vai day quan, ddng thai eé
boc cach dién. Vanh dién dung duge 2at gitta cudn diy dAu tién
va gong tl, con cdc vong dién dung thl 6m ldy cac cudn day dau
tien. '

Céu hoi

1. Qué dong dién la gl ? Tai sao ci hign tugng dong dién i,
_tang len khi dong mb.a khong tai vao ludi dién ?

2. Qua dién 4p 12 gi 7 Tai sao lGe qué dién ap cdc vong day
dau va cufi clia dAy quin CA lai chiu tic dung caa dién ap lon 7
Cac phuong phap bio vé gua dién 4p ?

3. Vi sao khi-ngéin mach bén trong m.b.a déng dién xung cd tri
86 16n hon khi ngdn mach bén ngodi m.b.a ?
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Chuong 7

CAC LOAI MAY BIEN AP KHAC
VA MAY BIEN AP Dl BIET

7.1. MAY BIEN AP BA DAY QUAN

Trong hé théng diéa luc, nhitng m b.a cd mot ddy quén so va
hai day qudn thi ¢~ 301 12 maiy bidr 4p ba day quidn ding dé
cung cAp dién cho ca: ¥ dién cd nhitng dién 4p khdc nhau, dng
vai cdc ti s8 biFn 191

w, L, ¥, U,
kpy S—n 2ot Ky me—tir st (7-1)
w, i, W ) U'3

Mb.a ba day qudAn -4 vu dim nang cac duge tidu chufn kinh
t& va k¥ thuat ¢ ¢t n bién
ap vl 86 m.b.a can thift cia
tram sé it hon +a ton hao van
hanh cing nhd iufn, f

2
nie H ‘3
i

1
BRI 'S
u

Cing gidng nhyx dd5i vai
m.b.a hai ddy gudn, ngudi ta
ché tae m.b.a ba 3. quin theo
kifu t& m.b.a t:: pha hofe

r———-——-ozwA—-—*—

m.b.a ba pha ha !~ & mii pba — R
v d&t ba d8y v i nhy hinh __-1‘
7-1. Cde t8 udi day ;ieu chuidn

nhu seu: Y% A 12-11 va Hlna 7-1. Mba ba d&y quin

Y AN 1110

Theo yui din: . ng sudt - ‘a ba day qudn duse ¢h€ tao theo
nhitng @ i> sau 4w
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1) 100%, 100%, 100%.
2) 100%, 100%, 67%.
3) 100%, 67%, 100%.
4) 100%, 67%, 67%.

Cong sudt cia m.b.a ba diy qué&n ldy theo cong suft cua day
quéin so cdp (cd cOng sufit 16n nh4t). '

7.1.1. Phuong trinh co ban, mach dién thay thé va db thj
cia m.b.a ba déy quin

Cing nhu trong m.b.a hai day quédn, dong dién tit héa cia
m.b.a ba day quéin rit nhé nén sau khi da tink ddi cac day qudn
2 va 3 v& day quiin 1 ta cd phuang trinh co ban sau day:

I + 12 + 13 =0 (7-2)
U - Ilzl = - (U’ + Izzz)
= - (U, + [yzy) (7-8)
trongdé v =71 +jx;; 2, =15+ jxy; zj =13 + jx5
Chn chd ¥ rdng cdc di¢n

khéng tan d day khoéng phai R der” St
chl quy#t dinh bdi ti thong
tdn riéng biét cia ting day ! ,?‘:‘:‘:‘;\
. R
quén nhuv trong m.b.a hai day PSRN

qufin ma quyét dinh do sy
nglu hgp tir thong tdn cia ba
day quin (hinh 7-2).

Mach digdn thay th& va db
thi vecto dng vai cac phuong
trink (7-2) va (7-8) duge Hinh 7-2. Ty thong tén trong mba
trinh bay trén hinh 7-3 va ba diy qudn
7-4.

Céc tham 8§ cia mach dién thay th& m.b.a ba diy quin dugc
‘-;xéc dinh tif ba thi nghiém nghn mach theo hinh 7-5. Theo céc s8
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liéu cia nhing thi nghiém dé ta duge:

Zyyz = Tpp ot Ry = (0 + 1)+ Ry + %))
(r; + rp) + j&x, + x3) (7-4)
(ry; + 1y + jix; + x3)

i

Zo13 = Thiz T Fns

2423 = Tn2z t Py

Z; .
—
2 —Ij!'
L N ,
5 SN
Y g 17
d 4

Hinh 7-4. DB thj vectd coa mba ba diy quin

Cac lugng trong céc bifu thdc trén d8u duge tinh d6i ve day
qudn I. Tit céc bifu thic dé suy ra
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r + T4 - T,
r, = nl2 n3 nil (7-5)
2
r'|1l3 + l'nH oz
r'a = 2
@!3 E '
f] 80
z; Ze
Ll
Z
)
o ~
bl .7 o 7 ¢
Typrdp+2; LT ETTREIA2

Minh 7-E. 5S¢ dB va mach didn thay thé uUng vdi thi nghiém
ngin mach cia mba ba ddy quin

Cédc bi€u thuc cda x|, x, va x; ciing cd dang twong ty. Cac thi
nghiém ngidn mach cing cho phép xdc dinh duge cace dien 4p
ngdn mach u,,, u,; va u,,; tuong dng véi cac tdng trd ngin
mach z, 5, Z.53 V3 25y

7.1.2. D& thay ddi dign ap cua m.b.a ba day quén

Cang nhu é trudng hgp m b.a hai day quén, cdc dién dp dau
ra U,, U; cta mb.a ba day quidn thay doi theo tri s6 va tinh chét
cla cdc ddng dién tai I, I,. Chu ¥ rAng & day néu tai cia mot
day quin thui cdp thay ddi thi sé& anh hudng dén dién 4p cha day
qudn thd cdp kia do c¢d digén 4p roi trén day qudn so cdp z,1,....

D¢ thay d6i dién ap ¢ cac tai [,, I, voi hé s6 cong sudt cosp,,
cosp, sé nhu sau:
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Uldm
= unrl.‘.t(lcoslpg + umlz,Singoz +
+ Yhr(3)«CO%P3 + unxts)‘slln?_a,, {1-6)
trong do: .
u = Tn1212 T _ xnl21'2 .
NPIZs = o T o Mpxide TTTTTT
Uldm Ulclm
ul'll'(3)' = U ' unx(},)* = U
1dm 1dm
Bi€u thic cia AU,,, cing cd dang tuong tu:
U - Uy
AUL;. = m k
Utdm
= WUpp3.00873 + unxlSasm'P3 +
oWz, 0080y F Upy2). sing, {(7-T
trong do:
Uy = Tysly 4 _ Xa3lh
s = oaxds T
Usgm Uldm
rd
nl; 31
u = — P | =
nr{l)e ' Tnx(2)
Ule.!m Uldm

7.2. MAY BIEN AP TU NGAU

Trong trudng hop dién dp cia cac lu6i dién so cp va thi cdp
khdc nhau khéng nhitu, nghia )2 ti s8 bién 48i dién 4p nho, d&
duge kinh t€ hon vé ch€ tac va van hanh nguoi ta ding méy bién
ip ty nglu thay cho m.b.a hai day qu#n.

M.b.a ty nglAu khdac m.b.a hai ddy qudn & chd day qudn tha
cdp la mot bd phin cda dAy qudn so cap, nén ngoai sy lién hé
qua hd cdm céc diy quin so cp va thd cap cdn litn hé tryc tidp
v4i nhau v& dién. DAy quén so cip cia m.b.a tu ngdu dugc néi
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song song voi lugi dién con d'éy guén thd cdp duge néi noi tidp
véi lusi dien. Hinh 7-6 trinh bay hai ki€u ndi day ciia m.b.a tu
nglu trong d6: a) Wng v6i chidu cac s.dd E;, E, thuan nhau va b)
dng vai chigu cdc s.d.d nguge nhau, :

I7A U_.I
L e—T2 2
z| ~=da xl;’v{t"

a
: Lo —— 51 1 b L\ T
L/ Al K A Ue Y %

o

H. WA A U“
=
H
E,,J;' = e
. 1 U,
Jya
Yea E,,I,' 1‘;
a) b)

Hinh 7-6. 53 dB cla mba ty nglu mbt pha
a. ndi thuadn; b. ndi ngudc

Vai cach néi day nhu vAy, cong suit truyén tai qua m.b.a ty
ngiu gdm hai phin, m6t phan qua tif trudng cia 16i thép va mdt
phin truyén din truc ti€p. Ta by so sanh dung lugng thit keé
S, véi dung lugng truyeén tai S, cba m.b.a t¥ ngiu. Gién nhu
d6i vai m b.a hai day quén, dung lugng thiét k&€ m.b.a tu ngiu
tic 13 dung lugng truyén qua tif trudng bang:

S8.x = E|I, = Eyl, (7-8)
va ti s6 bign d6i cia mb.a ty ngiu:
U, E, I,

— R — = =k
U, E, 1

-
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Trén thuc 1€, lic van hanh dung lugng truyén tai cia m.b.a tu
ngiu bang: '

Sie = Ucalea = Ui (7-9)
va ti s bién d8i dién ap cha ldﬁirdién:
Una  lea |

Nhu vay theo hinh 7-6a ta cé:

S E.l. (Upy - Uy He, !
1k = - = CA HA Ca = l _ _, (7_ 10) 7
Sn U(.‘:\I(';\ U(‘AI(':\ k
va d6i vai hinh 7-6b: )
S, E.L, (U, - U
1k = T R CA HATTHA : ka _ 1 (7_ 11'
Sn L(‘,\I(Z-\ U(‘.—\I(‘.-\

Bang 7-1 cho bigt cdc tri s6 caa ik ing voi cdc tri s6 k khac
[}

nhau cia hai ki€u néi day m.b.a tu ngiu & hinh 7-6. Ta thaiy
rang ki€u néi day theo hinh 7-6a du viét hon vi v8i cung tri sé
k' ti s6 8,/S,, nhd hon, do do trén thye t€ duoe dﬁng nhigu. Ciing
tit bAng 7-1 ta thdy rang, néu k’ cang gan bang 1 thi cang ¢6
lgi. Théng thyang thi m.b.a tu ngiu ¢é &’ < 2,5 va dung dé&
ndi lién lac cdc ludi dién cd dién dap khdac nhau: 110, 154, 220,
330, 500 V.

Nhy vdy la m.b.a ty ngdu kinh t& hon so voi m.b.a hai day
qudn vé mat ché tao. Trong van hanh, tén hao trong mba tu
ngiu cuing nhé hon, vi néu l4y ti s6 gia tdn hao Yp voi dung
lugng truyén tai S, ta co:

Xp _Zp 1

=—['1--—'}

S S, k

1)
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1
nghia l& gidm con (1 - v ) so v@i tfn hao tinh theo dung ludng

thi&t k& S, hay la tdn hao cia mb.a hai day quin cd cung dung
lugng. '

Bidng 7.1.
Stklstt

k Sd 48 ndi thun S0 d5 nbi nguoc
100 : 0 4]
125 0,20 025
150 033 050
175 0,43 075
200 - 080 100
250 .60 150
300 0.67 200
5,00 0,80 400

Cang tuong iu nhu vay, dién Ap ngdn mach cia mb.a tu ngiu
giam com (1 - 'E,—) so vdi dién ap ngin mach cia m.b.a haj day
qufin, do d6 do thay d6i dién 4p AU hay dién 4p roi trang m.b.a
ty ngu cing nhé hon. CAn chi ¥ rdng do dién 4p ngdn mach cia
m.b.a ty ngiu nhé nén dong dién ngdn mach cia nd sé tang lén
tuong dng. )

Ngoai ing dung trong hé théng dién luc d€ truydn tai dién
ning, m.b.a tu ngdu con duge ding dé md may d9ng co dién
khong ddng bo. M.b.a ty nglu cling cdn duge ding rOng rai trong
phong thi nghiém dé thay déi lién tuc dién ap. Trong trudng hop
nay, sd dong day thy cip duge thay ddi bing cach dung chdi than
tifp xuc trugt vai day quén.
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7.3. CAC MAY BIEN AP DAC BIET

7.3.1. May bién ép do ludng

M.b.a do luang gdm hai loai mdy bién di¢n ép va may bién
dong dién dung d& bién d48i
dién Ap cao hoac dong dién 14n
thanh nhing lugng nhd do
duge bAng dung cu do tidu
chudn (1 + 100 Vhodc 1 + 5 A)
hodac dung trong mach béao vé,
M4y bién dién ap duge ché tao
voi cong sudt 25 + 1000 VA
va may bién dong dién vdi
cong sufit 5 + 100 VA,

M4y bi&€n dién 4p cd day
qudn 3¢ cp ndi song song vai
lwdi dién va day quén thd cdp
ndi v8i vénmet, hoac vdi cudn
day song song odtmet, hodc vdi cudn day cua role bao vé (hinh
7-7). Tng trd z cia nhitng dung cu nay rit 16n nén may bién
dién ap lam viéc ¢ trang thdi gAn nhu khéng taj, dién 4p roi
trong may nhé, do do sai sé& vé tri s8:

Hinh 7.7, S0 db ndi dby va db th
vecto cGa may bifn dign 4p

w,
—LUu,- U,
Wy -

AU% =———————— 100 (7-12)
U,
va sai 86 v& gdc 9, gida U, va U; (hinh 7-7) déu nhd.

Tuy theo muc d¢ sai 34, may bién dién dp cd cdac cdp chinh xac
0,5; 1 ; 3, nghia la AU% tdong dng bing + 0,5% ; £ 1% ; £ 3%
va &, tuong ing bang = 20" , * 40’ (d8i vdi cdp 3 khong cd qui
dinh tiéu chudn v2 4 ). Khi st dung may bi&n dié¢n dp chad ¥
khéng duge néi tdt mach thid cdp vi nhu vay sé tuong duong voi
ndi tat mach so cip, nghia la giy su 6 ngdn mach & lugi dién.
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May bién dong dién cd day quan so cdp gom it vong day va .
noéi ndi ti€p vdi mach can do dong dién, con ddy quin thii cdp
gbm nhidu véng day duge ndi vdi ampemet hodc v8i cdc cudn day
ndi ti€p odtmet hay role bao vé (hinh 7-8). Téng trd z cioa nhing
dung cu nay riat nhé va trang thdi lam viée clia mdy bién dong
dién la trang thai ngdn mach, 16i thép khéng bao hoa (® = 0.8 +
1Wb) va 1, = 0 do d¢ cdac sai s6 do ludng vé trj sé:

I, - 1,
w
Ai% =_1_I_. 100 (7-13)

va sai s§ v& gdc 9, thinh 7-8)
cing sé nho. Tuy theo muc dd
sai s8, mdy bién dong dién cd
cac cdp chinh xsec 0,2 ; 0,5 ; 1;
3 ; 10, nghia 1a Ai% tuong ung
bang = 0,2% ; =+ 0,5%...;
+ 10% va 9, tuong uing bang
+ 107 £ 407; = 80’ (d48i véi
hai cdp 3 va 10 khong co qui

dinh tiéu chudn v& &)

Hinh 7-8. $¢ dB ndi diy va dd thi
vectd cia mdy hién déng

Khi st dung chi ¥ khong
dugc dé day quédn tha cdp ho
mach vi nhu vay déng dién tit hda rdt lc‘lffqlﬁ = 1)), 181 thép bao
. hoa nghiém trong (¢ = 1,4 + 1,8 Wb sé ming lén va lam chay
ddy qudn, han nita khi bao hoa, tit thong bang dau sé sinh ra
s.d.d nhon diu, do d6 & dau day quin thd cdp cé thé xudt hién
dién &p cao hang nghin von, khéng an toan cho ngudi st dung.

7.3.2. May bién ap han

Cac mdy bign dp han duoc chia thanh nhi2u loai cd ciu tao va
dac tinh khdc nhau tuy theo phuong phdp han (hd quang, han
dién...). O day ta chi xét dén loai m.b.a han hd quang thinh 7-9).

124



Ciac m.ba han hd quang duge ché tao sac cho vd dace tinh ngoai
U, = fil.) vdt doc dé.han ché duge dong digén ngan mach va bao
dam cho hd quang
duge 6n dinh. — i L_‘;;jL,J
Muén diéu chinh ] ' T

dong dién han ( : -
can phai ¢d them 7 17T —‘ St

mot ¢cudén  cam

c
EaRECE)

phu cd dién

khing thay ddai Hinh 7-9. Mba Bm vikc cd cudn khang
dude bang cach .

thay déi khe hd 4 cua 16i thép cia cudn cam,

M b.a han ha quang thudng cd dién ap khong tai bing 60 +
75 V va dién ap ¢ tar dinh muc bang 30 V. Cong sudt cha m.b.a
han thong thudng vao khoang 20 AVA va néu ding cho han tu
dong thi ¢ thé tai hang 100 kVA,

7.3.3. May bién ap chinh luu

May bién ap chinh luu ¢6 dac di€m la tai cta cic pha khéng
dang thdi ma ludn phién nwhau theo sy lam viée cta cac dugng

o

cuc cua cac b
chinh luu thty
ngan hoac ban din

dat d mach thu A

cdp cia m.b.a nhu ) s

trén hinh 7-10 < —
, _ I

Nhu wvay m.b.a 5 .

luén ludn lam viéc 8 -

trong tinh trang ¢

khéng ddi xing, do

dd phai chon so d8 - +

noéi day sao cho

dam bao duge didu ~4Minh 110, 50 dBb mba chinh fuy
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kién tit hda binh thudng ctia cdc tru 156i thép va giam nhd duge
sy dap mach cia didn ap va dong dién chinh luu.

Mué&n vay phai tang s pha clia day quén thid cdp (thudng
chon =4 pha biing sdu) va & phia thi cdp cd dat thém cudn cam
cAn bing K giiia cdc di€m trung tinh cda ba pha thudn (@°67%") va
ba pha nguge (@"b"c¢”). Tdc dung cla cudn cAm K la |am cin
bing dién 4p trong mach cia hai pha cd gée léch 60° lam viée
song song, vi du nhu cda a’ va ¢" trén hinh 7-10.

Khi hai daAy qufin thd cép lAm viéc song song vdi nhau, b
chinh hru sdu pha lam viéc tuong ty nhu bé chinh lyu ba pha ¢a
mbi duong cuc lam viéc khong phai trong thoi gian mét phin sdu
ma trong mdt phan ba chu ky.

Cau héi

1. C4u tao, nguyén 1y lam viée va dac di€m cia m.b.a ba day
quén.
2. Vil sao trong m.b.a ba dAy quén tit théng s.d.d va dién ap
pha lutn [udn 1& hinh sin ?
3. Nguyén ly lam viéc va diac difm clia m.b.a ty ngdu. So sanh
m.b.a tu ngdu v6i mb.a hai day quén.
4. Cdu tao, nguyén 1y lam viéc va dng dung cia m.b.a do
lugng. Nhitng difm chn chd y khi sit dung ching.
Bai tap
1. Cho mét m.b.a ba pha ba day quédn Y /Y /A-12-11;
10000/6667/10000 kVA; 121/38,5/11 AV; u,,% = 155 u 3% =
10,55 wp % = 6; uy ;% = 1, u 3% = 0,65 u ,,% = 0,8
a) Tinh cac tham s6 r|, 5, 'y ; X, x'5, x’; vA vé gidn db thay
th€ m.b.a.
"b) Phia dién ap cao duge néi véi ngudn. Day quén dién sp trung
binh c6 tai bang 3000 kVA ; cosp, = 0,8 va day quén dien 4p thép
. o tai bﬁng 8000 kVA; cosp,; = 0,8 Tinh AU, va AU, %.

ar2
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Dapsé:a. r =62Q 1, =81 1y=23}
X, = 42,7 Q: x5 = 76,4 (%
X', = 10,65 Q
b. AU,y = 11,7%; AU,; = 69%.

2. Cho mét mb.a ba pha day quéin S, = 3200 AVA; 35/6 KV;
52,6/307,56°A; Y/Y-12; u % = 6,94;u % = 1,04; pg. = 9,63 AW,
Pcy = 32,6 kW, BAy gitd dem ndi lai thanh m.b.a tu ngdu
41/35 &V, hay:

a) Trinh bay cdch ndi dAy cia mb.a tu nglu.

b) Tinh céng sudt truy®n tii clia mb.a tu ngiu; cdng suft cla
day quin s¢ cfip va day qudn thi cfp.

¢) Hiéu suit cia m.b.a ty nglu d tai dinh mic vdi cosp = 0,8.

d) Dong dién ngén mach cia m.b.a ty nglu.

Dip s0; a. Theo hinh 7-6a;
b. S, = 12600; S, = 11755,
S, = 1845 kVA;
con = 99.58%;
d. 1, = 5184 4,

]
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Chueng 8
NGUYEN LY LAM VIEC VA Sy BIEN DOI "
NANG LUQNG CO DIEN TRONG MAY DIEN QUAY

8.1. NGUYEN LY LAM VIEC CO BAN
CUA MAY DIEN QUAY

8.1.1. Nguyén ly lam viéc cua méy dién mdt chidu

So db nguyén 1y lam viéc cia mdy dién médt chidu nhu hinh
8-1a. Mdy gdm cd mot khung day ebed d3u nbi vai hai phi€n gdp.
Khung day va phign gdp dugc quay quanh tryuc cila né véi mot
téc d6 khong dbi trong tit truong cha hai eye nam cham N-S. Céc
chdi dién A, B dat ¢8 dinh va ludn ti sat vao phién gdp.

m
—f—h
b)

Hinh 8-1. S¢ 4B nguyén Iy 1am vidc cia méy dign mbt chibu

Khi cho khung quay, theo dinh luat v& cAm ing didn tis, trong
thanh dédn sé cAm JUng nén sic dién dong (viét tit )a s.d.d), tri s8
titc théi cia nd dude xdc dinh theo bifu thic:
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e = Blv
trong dd:
B - tif cAm 4 noi day ddn quét qua;
1 - chidu dai thanh ddn ndm trong tu trudng;
v - tdc 40 quét cta thanh din.

Chidu cia s.d.d duge xdc dinh theo quy téc ban tay phai. Nhu
vy theo hinh 8-la, s.d.¢ cia thanh din ab nam dudi cue N cd
chidn di tit & d&n @, cdn cia thanh ddn ¢d ndm dudi cyc § cd
chidu di tir d dén ¢. Néu mach ngoai khép kin qua tii thi s.d.d
trong khung day s& sinh ra trong mach ngoai mbt dong dién chay
tit chdi than A d@p chdi then B.

Khi khung quay, néu tit cAm thing gdc véi hudng quay cla
thanh din phan bd hinh sin thl theo cong thic trén, s.d.d cing cd
deng xoay chi®u hlnh sin. Nhung do chdi than A ludn luén tiép
xdc w8 thanh dn odm dudi cyc N, chdi B tigp xic véi thanh dén
ndAm dudl cuc S, nén ddng dién mach ngoai chi chay theo chidu
tit A (cye duong) dén B (cyc Am). N6i mot ciach khde, s.d.d xoay
chiBu cam ¢ng trong thanh din va dong dién tuong Ung da duge
chinh luu thanh s.d.d va ddng dién mdt chidu (hinh 8- 1b) nha
vao heé thdng vanh gép vA chgi than.

D& ¢é mot s.d.d. 16n gila cac chéi dién va gidm bét su dap
mach cia s.d.d d¢, ngudi ta dung nhitu khung day dat léch nhau
mdt gde trong khong gian lam thanh ddy quén phén dng. Cing
do dd ¢d nhigu phién ddi chidu cdch dién vl nhau va ghép lai
thanh mot c§ gop dién (con goi 1a vanh gop). '

N&u nguge lai ta cho ddng dién mdt chi®u vao chdi than A va
ra d B thi do dong dién chi di vac thanh din nam dudi cyc N va
di ra & cdc thanh didn n&m dudi cuc S, nén dudi tdc dung cia tit
. trudng lén cic thanh dén sé& sinh ra moémen co chigu khong ddi

-ldAm cho mdy quay. D¢ 1a nguyén ly lam vidc cta ddng cda dién
mot chibu, :
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8.1.2. Nguyén !y lam viéc cia méy dién ddng bd

N&u trong sd db & hinh 8- la ta thay hai vanh d&i chigu bang
hai vanh trugt trén d¢ ti hai chdi than A va B thi khi khung day
abed quay véi t8¢ d¢ khong d8i n, trén hai vanh trugt va mach-
dién ngoai khép kin qua tal ta sé dugc mot sic dién dong va mot

n
dong didn xoay chidu cd tan 86 [ =~§—0 trong dd p la s6 48] eye

cua mdy. Dd 1A nguyén ly lam vigéc cla mdy dién ddng by mot
pha.

Thuong trong mdy di¢n ddng bd, cyc tir duge dat trong réto
con day quin phan ing (khung ddy) duge dat trén phin tinh gdm
ba cudn day dat léch nhau trong khong gian 120° gdc do dién dau
thanh hinh Y hay A (hinh ‘8-2).

b) Nad

a) B
Hinh 8-2. 5¢ db nguydn Iy cua méy didn ddng bd ba pha
a. DAu hinh sao Y; b. D4u tam gidc A
Khi cuc tit quay v6i tdc dé n, dAy quén phdn dng ndi v6i mot
tai ngoai ba pha d6i xung thi trong dAy qué&n phin dng sé cam
ing nén mot svc didn dong va dong dién ba pha léch nhau mo6t
goc 120" v2 thii gian va do 36 s& tao ra moét tif trudng quay voi

60f
téc d0 n; =—— , nghia la bAng tdc do¢ quay cta réto. Chinh vi
P

viy ma ta goi 12 may dién ddng bo ba pha
Trong mdy dién ddng bo, tir trudng cua cye tit va tif trudng
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quay do dong dién xoay chiBu ba pha sinh ra trong day quin
phan dng khong ¢ su chuyén dong tuong d8i. Téng hop cia hai
ti truang dé sé cho tir trudng khe hd lam co sd cho cdc quan hé
dién tit va sy bifn d46i nang luong trong mdy dién ddng bo.

8.1.3. Nguyén Iy lam vigéc cua may dién khong ddng bo

Khi trong 15i st stato cua mdy dién khong déng bg, ta tao
mot ti trudng quay véi tée dg déng by n; = 60 f,/p, trong dd f|
la tan s6 dong dién ludi dua vao. p 1a s6 ddai cuc cia mady, thi tir
trudng nay quét qua day quin nhiéu pha tu ngin mach dat trén
16i st réto va cam dng trong diy quin dd s.d.d va dong dién. Tu
théng do dong dién ndy sinh ra hgp vdi tit théng cda stato tao
thanh tu thong téng & khe hd. Dang dién trong day quén réto téc
dung véi tu théng khe hd nay sinh ra mémen. Tac dung dé cd
quan hé mit thigt vai tée d6 quay n clia réte. Trong nhitng pham
vi téc 46 khac nhau thl ch& do lam viéc cha may cing khac nhau.
Sau day sé nghién ctu tdac dung caa ching trong ba pham vi téc d¢.

D& chi pham vi t6c d0 cda may, thudng ngusi ta con dung hé
s0 trugt s. Theo dinh nghia hé s8 trugt bang:

n,-n
8% =——— 100
ny

Nhu vy khin = n  this = 0,s = 1; khin > n, s < 0 va
khi rote quay nguoe chidu tir trudbng quay n < 0 this > 1.

1. Truttng hgp ré6to gquay thufin véi -t truding quay
nhung t6c do nhod hon t6c do ddng bo (0 < n < n,, hay
1 >8> 0)

Gia thiét chigdu téc da quay n, cia ti trudng téng ¢ va cua
réto n nhu trong hinh 8-3. Do n < n,, nén tir trudng dd vin
gquét qua thanh dan theo chiBu quay cua tit trudng va chidu s.d.d
sinh ra ¢d thé xdc dinh theo quy téc ban tay phai. Dong dién sinh
ra trong day qudn roto cling chidu voi s.d.d. va tdce dung véi tu
trudng téng trong khe hd, sinh ra luc F vA mémen M ma chidu

L e
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dudge xac dinh theo quy téc ban
tay trai

Mdmen dd kéo riito quay theo
chidu tif trudng quay. Dién nang
dua tdi réto da bién thanh co
nang trén truc, nghia 1a m4dy dién
lam vige trong ch& d6 ddng co
dién. Nhung may chi lam viéc &
ché& d6 dé khi n < n,. vi chi khi
n < n, mdi cé sy chuyén déng
twvong déi giita ti trudng va day
quén rdto vi nhu vay trong day

Hinh 8-3. Ché d& déng co dién

cia may dign khéng ddng bd

quidn roto mdi cd dong dien va mdOmen kéo réto quay.
2. Truong hgp roto quay thuain va nhanh hoan téc d¢

dong bd (n > n, hay s < 0)

Dung mdt déng co sa cAp ndo dd quay roto cha mdy dién
khong ddng bd vuot téc 4 ddng bé n > n,. Lac d6 chidu cua ti
trudng quay quét qua day dan s& ngugc lai, s.d.d. va ddng dién
trong déy\dén roto cting ddi chigue nén chidu ctia mémen cing
ngudc vai-¢higu quay ctéa n,, nghia l4 ngugc véi chitu cua réoto,
nén dd 12 mémen bham (hinh 8-4). May da bién co nang tdc dung

tén truc doéng cd dién, do dong co
so cAp kéo thanh dién nang cung
cidp cho lusi dién, nghia 1& may
dién lam viéc ¢ ch& d¢ mdy phat
dién.

3. Truting hgp rdto quay
ngugc vdi chiéu tir trudng
quay (n < 0 hay s > 1)

Vi mét nguyén nhan nao do
roto quay nguge chigu vai chidu
tir truéng quay (hinh 8-5) thi lac

Hinh 8-4. Ché d6 mAay phat dién

cia may didn khdng dbng bbd
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d¢ chitu cia s.d.d. déng dién
vA moémen vin gidng nhu
lic & ch& d6 dong co dién. Vi
mbmen sinh ra ngude véi

chidu quay cta réto nén cd :
tic dung ham rdte ding lai. ﬂ-—ﬁ-ﬁ
Trong trudng hgp nay, may

vita ldy dién nang & luéi
dién vao, vita 1Ay co nang ti
dong co so cAp. Ch& d6 lam
viée nhu vay goi la ché& d¢
h&m didn tir.

Hinh 8-8 Ch# d6 hidm caa may diégn
khong dbng bd

Tdm lai, cd th€ bigu thj cdc ch& d6 lam viéc theo pham vi hé
s8 trugt va tSc 46 nhu sau:

H&m din tJ /--' Dong cd dign MAy phéat dign
-+_=n s>1’s=-1 1>8 >0 s =0 s < 0 s - - x
n—-+-x n<0 n=2Q0 O<n<m n=ny n>nmn n -+ +x

V1 may dién lam viéc d nhing t6c do khdac téc do ddng bo cla
tir trubng quay nén ta goi la mdy di¢n khong déng bo.

8.1.4. May dién xoay chidu ct vanh gép

M4y dién xoay chidu c6 vanh gop cd rdto quay khac véi tdc
dd cia ti trudng quay vi vy thude loai mdy dién khong dong bo.
Tuy nhién do c6 vanh gip gidng nhu clia may dién mdt chidu nén
duge x€p rieng thanh mot loai. May dién xoay chigu cd vanh gdp
duge ding chi y&u lam ddng co dién. Do cdu tao phic tap nén
cdc dong co dién xoay chidu ¢ vAnh gdp it duce su dung.

Nguyén ly lam viéc cla. cdc loai may dién xoay chiBu ngi trén
dBu dua vao nguyén ly v cam dng dign tif, nén trude khi xét
riéng tiing loai cAn nghién ciu nhitng v8n dé ly luan chung nhu:

EN
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day quén phan dng, sic dién ddng, sdc tit dOng, tit trudng va
dién khdng cia day quiin mdy dién xoay chidu va cic vin d@& tén
hao phdt néng, lam lanh cla mdy dién xoay chidu.

8.2. MO TA TOAN HOC CAC QUA TRINH BIEN DOI
NANG LUQNG CO DIEN TRONG CAC MAY DIEN QUAY

Cédc qua trinh di¢n tit trong mdy di¢n dugc md ta bang h¢
phuong trinh Kirkhaff cho cdc mach ving day quén va phuong
trinh chuyén dong cia réto.

Gia thigt méy cd s = b
mach vdng trong d6 trén
stato ¢d hai mach vdng (1
va 2}, rdto cd ba mach vdng
{4,5,6) dugc ma t4 trong
hinh 8-6.

Vai sy tuyén tinh ghn
ding, tir thong mde vong cia
mét mach ving bét ky, thi du
mach vdng k (1 < k < g},
¢d thé bi€u dién theo cdc

dong di¢n in trong céac d'ﬂy Hinh 8-8. Miy didn guay nhidu cufin diy
qufin nhu sau:

ked

5 s .
¥ = 2 ¥y = 2 dply,
n=1 n=1

Trong trudng hgp chung, tét ci cdc ty cam Ly, va hd cam L,
phu thude vao kich thuéc day quén va mach tif, va 12 ham cla
gdc vi tri caa roto Ly = f(a). He phuong trinh Kirkhoff cho cac
dién 4p day quén gdm s phuong trinh thanh lap cho ting mach
vong.

FPhuong trinh cho mach vdng tht k bing:

dy,

, L+ S di, dLy,
u, = Ri +— = R, + — 4+ iw
K R’Ll\ at Rkk = kn dt n

)

da
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trong dgd:

di
Ly Tt" - cac sic dién dong bign ap lien quan dén su bien déi
cia dong dién trong mach véng thi n;
. den . den " . .
iw = = - i, . - céc suc dién déng quay lién quan

dén sy bién d6i hé cAm vdi mach vong tht k (khi n = k) hay vdi
sy bién d8i tu cam cda mach véng k (khi n = k).

Nhu véy céc sic dién déng cadm ing trong mach vong k duge
bi€u thi dudi dang téng cac sdc dién dong c6 ban chdt khdc nhau
Suc dién dong bién 4p do su bién d6i cia dong dién trong cac day

—

. 5 di
quén khi h& ¢am (hodc ty cAm) [A c& djnh ( -3 L“"_—dtn ) va sic
n=]

dién dong miay do sy bién d8i cia hd cAm (hoac tu cdm} khi
da

dt

dong dign 6 dinh (- wSi,
n=1

Déi v8i cac mach vong néi véi lusi dien ngoai, dién 4p u, duge
hi€u 12 sdc dién déng cda ludi dién dd. DEi v6i cac mach vong
ngédn mach, u, = 0. '

Cong sufit co do mdy bién ddi thanh cong suft dién cd thé
biéu thi theo c4~ dai lvgng ciia mach dién xuét phat tir dinh luat
bdo toan nang lugng.

. Cong suét dien tdc thyi dua tit ludi dién vao mach vong k ndi
vdi ludi dién d6 bang:
den

da

Lay ting cong suit cha tAt ca cac mach vdng ta tim duge toan
bd cong suit dién tic théi dua vip céc mach vong cha may:

di
P = ui. + Rklk 'Hk 2 Lkn-—d—t—+ ipw E i,

$ . s s s di 5 5 de
P,=3%RiZ + YL L —"+ i Vi h
k2=1 k L:=Zl Wk k‘gl kngl gt wE’ k n2 1" da
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Ta théy mdt phan cla cong suft 2 P, dua vaoc céc mach ving
la P, E Rknk duge tiéu hao trén céc d1én tré R, cla cic mach

vong. Phln con lai dé bién ddi nang lugng tit trudng trong mdy
do su bién déi dong dién trong cdc mach véng va sy bién ‘ddi cia
céc ty cAm va hé cAm.

1
Vi nang luong tit trudng W =3 E iy E i,L,, gia tang trong

k=1 na=]
thdi gian dt khi iy, i, va L, gia téng, do da:
W oW oW
dW =—o di, —di, + dL,, =
iy aln oLy,

s - . I s - s -
= ; Iy nE=Lkndln + - §=: n E l|:|[‘l|m'

Vi vay d€ bién ddi nang 1u0ng tir trudng phai tidu hao mot
cOng sudt:

dw i
P B e g G
Cong zuft con lai duge bién déi thanh cong suit co truyén qua
truc may: -
s w s s _ dL,
Pea =k§l Pem Pa™ P =9 & ez gy

Ta thdy céng sudt co bing mot ndta téng céng suft xdc dinh
theo tich cdc ddong dién mach vbong vdi sdc dién déng quay. Didu
dd cho phép k&t luan rdng, sy bién d6i nang luong co dién chi
lién quan d&n sdc dién ddng quay trong khi-stc dién déng bi&n
4p khong tham gia vao su bién ddi d6. S& di nhu vay vi cong sudt
lam bi&n d6i nang lugng tll trudng khong mat di ma bién ddi
tulin hoan nén blnh quan bang khong.

Cong suit phan khang duge hi€u 12 cong sudt tic thai cuc dai
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1Ay tir [udi dién d€ tac thanh ti trudng trong mdy:
dw
Q= l —a’l max

Mémen dién tU tdc ddng l1&n roto & thdi didm nay duge bigu
thi theo cOng sufit co:

P 1 dL aw
= = i i ¥ vai i, = const
@ 2 k=1 n=1 da a
Quan h¢ giia men dién tit v4i mdmen can dau truc cé thé

bi€u thi bang:
dw
M=M +J]—
dt

trong do:
- w - tc db gdc cua roto;
- 4 - hang s8 moémen quédn tinh.
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Chuong 9
DAY QUAN PHAN UNG MAY DIEN QuAY -

A. DAY QUAN PHAN UNG MAY DIEN MOT CHIRU
9.1. DAI CUONG

Day quén phin ing la phn day ddng dat trong cdc rdnh cda
phan d@ng va lam thanh mét hodic nhiku mach vdng kin. Day
quéin la bd phAn quan trong nhAt cda méy dign vi nd tryc ti€p
tham gia cdc qua trinh bi&n dui nAng lugng tlf dién nang thanh
cd nang hay nguge lai, ddng thoi vé mat kinh t€ thi gl thanh
clia day quéin cing chidm mot t§ ié kha cao trong todn bd gis
thanh m4dy.

Cdc yéu cAu ddi voi dady quéin bao gbm:

- Sinh ra dugc mot s.d.d chn thiét, ed th€ cho mét dong dién
nhéit dinh chay qua ma khdng bj ndng qud m¢t nhiét do nhdi
dinh d€ sinh ra m{t mémen chn thi&t, ddng thoi ddm bdo d8i
chigu tét.

- Triét dé tigt kigm vat lidu, két cfu don gian, lam viéc chéc
chdn va an todn.

Day quén phAn dng cé thé phén ra lam cdc loai chi y&u sau:

- Day quéin x&p don vA x&p phic tap.

- Déay quin sdng don va edng phic tap.

Trong mbt a6 may digén o2 16n cdn dimg day qudn hén hop, do
la su két hgp gilta hai day quéin x8p va sdng.

9.1.1. Céu tao cua diy quén phin dng

Day quén phin dng gdm nhidu "phan ti day quén" néi voi
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nhau theo mét quy luat nhat dinh. Phin td thudng 12 méot bdi
day gbm mot hay nhidu vong day ma hai diu cia nd néi vae hai
phign gop. Cac phan ti ndi vdi nhau théng qua cédc phi&én gop do
vh lam thanh mach vang kin. M&i phin t& c¢d hai canh tdc dung,
d6 la phan dat vao rénh cia 16 sdt. Phan ndi hai canh téc dung
cia phin t¥ nam agoai 10i st goi la phan dau ndi (hinh 9-1).
Dé& dé ché tao, mot cank tdc dung cta phin tit dat & lop dudi
cta mot ranh, con canh tadc dung kia dat & lap trén cia mot ranh
khac. C4c phén td khie cang x8p theo thd tu nhu vy vao céc
ranh kB bén cho dén khi dhy cac rénh. Néu trong mét ranh phan
ing (goi 12 ranh thyc) chi ddt hai canh tdc dyng (mét canh ndm
0 18p trén va mot canh ndm & 16p dudi ranh) thl ta goi rdnh dd
la ranh nguyén té (hinh 9-2a). N&u trong mot ranh thyc d6 e
dat 2u canh tdc dung (trong dé u = 1, 2, 3... n) thi ta cd thé€
chia ranh thyc d6 ra lam u ranh nguyén td (hinh 9-2b va c). Vi
vy quan hé gilta s6 ranh thuc Z cda phian dng vdi =4 ranh
nguyén t§ Z_ nhu sau: _
Z = uZ (9-1)

nt

pl:’tff} ddu HE;

phdn carh tac durg

Z

[
/ /

7
s
2

[/,
4

4 |22

I | ]

4

4

a) b) c)
Hinh 9-1. Vi trf cia phin td Hinh 9.2, Ranh thye c6 1 2 va 3
trong rdnh phiin ung fBnh nguyén 18
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Gita s4 phAn tu cia ﬁay :
quén S, s& ranh nguyén t6 Z,, - : AN

vA s6 phifn gép G cing 6. ¥ : 1.
mot 86 quan hé nhdt dinh. Vi o

mdi phn td cd hai diu néi
v6i hai phi&n gdp, dong thoi &
m&i phién gdp lai ndi hai dau
cta hai phin t& lai vdi nhau,
nén s0 phin t¢ S phai baing =0
phién gép G. Ta cd:

S=G (9-2)
Do trong méi ranh nguyén .. Dy quffn c6 phin &
td dat hai canh tdc dung ma dbng ddu va thea ofp

mbi phlin t cing ¢ hai canh
tdc duyng nén ta cd quan hé:
' : Z,=8=G (9-3)

Tay theo kich thudc cia cac phan ti ma ta chia day quén ra
lam day quén cd phin 't ddng du va dAy quéin theo cép.

Hinh s-4. Céc budc diy quén
a. day quén x&p; b. day quin séng



- DAy quéin cd phin t0 dBng d8u |2 day qudn ma kich thude
cdc phlin t¥ hoan toan gidng nhau (hinh 9-3a).

- Day quén theo cdp 12 ddy quidn ma khi canh tédc dung thd
nhét.ciia cdc phiin tif cing ndm trong mét rdnh thyc thi canh tdc
dung thu hai cia ching lai nAm trong cdc ranh thyc khac nhau
{hinh 89-3b, ¢). Vi vay trong day quén theo cdp, kich thudc cha
cdc phln td khéng gifng nhau.

9.1.2. Céc buéc déy quén
Quy luat ndi cic phian ti diy quin cd thé duge zéc dinh theo
ciac budc day quén sau (hinh 9-4):

a. Bude day qudén thu nhdt y,. D6 14 khodng cdch giita hai
canh tiac dung cia mdt phan ti do bidng s6 ranh nguyén td.

b. Buéc day qudn thit hai y,. D6 1a khoang céch giita canh tdc
dyng thd hai cta phan t{ thd nh&t vdi canh tdc dung thd nhit
cta phhn tu thit hai néi ti€p ngay sau d¢ vA do bing s8 rdnh
nguyén t8.

¢. Budc déy téng hop y. D6 1a khodng cach gitta hai canh
tuong dng cua hai phin td lién ti&p nhau do bang s6 ranh
nguyén té.

d. Bucc trén vanh gép y.. DJ 1a khoang cach giita hai phién
gop of hai canh tic dung cia cung mét phin t néi vao dd va do
béng s6 phién gop.

9.2. DAY QUAN XEP DON
9.2.1. Bubc déy quén

a. Budc day thd nhit y, ,
Budc day thd nhat phai chon sac cho s.d.d cAm dng trong

phan ti 1dn nhit. Mudn thé thi hai canh tdc dung cta phin ta

phai cach nhau mot bude cyc, vi ldc d¢ tri s§ tic thoi cia s.d.d
cla hai canh t4c dung béing nhau v2 tri 8§ vi ngugc chidu nhau
va do trong mot phin ti dudi cda hai canh tde dung n6i véi nhau
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nén a.d d tdng cia phin td bang t8ng s6 hoc cda hai sd.d cia hai
canh tac dung.

N&u bi€u thi s.d.d ciia m8i canh tdc dung bAng mot vects thi
hai s.d.d cia hai canh tdc dyng nay cing phucng va vects s.d.d
tSng cha phBn tit bing hai 1&n vecto s.d.d cda mdi canh tdc dung

.t

(hinh 9-5a). Vi 88 ranh nguyén t6 dudi msi bude cyc bang

Z .
(trong d6 p la 3 doi cuc) nén t6t nhat Ia y, =2—“‘. Néu y, ==
' p

2p
khong phai ia s nguyén thi phai chon y, bing mét sé nguyén
gin bang

ZIIL.
— , nén tdng quat ta co:

2p

phéh uig aj b) ¢)

Vi = * £ = 38 nguyén

7
Khi y, =?;‘— ta ¢ day quén bude di;

Z

ni

5 + ¢ ta co dAy quiin budc dai;
P

Y1 =
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yA
¥y = —= -5 ta c6 day quén budc ngén.

2p

Day quén thudng dugc thyc hién theo budc ngén vi d@ ton
ddng hon. Du 18 budc dai hay budc ngén thi s.d.d cita phan tu
cing hoi nhd hon so véi bufc du vi vecto s.d.d cia hai canh téac
"dung khong ciing phudng nita nén phai céng vecte hai s.d.d dd
ma khéng thé cing tri s6 86 hoc cia ching duge (hinh 3-5b va o).

b. Budc day téng hop y va bude vanh gép yi

Déc di€m clia day quin x&p don la hai diu day cua moét phin
td néi lidn vao hai phién d8i chidu k& nhau nén y5 = 1. _

Cing tit ddy ta thdy buéc tdng hop y cing phdi bang 1, ta o6:

y=yg=1 ' (9-5)

c. Budc day thd hai y,

Cd thé xdc dinh y, theo y, v y. Theo dink nghia va hinh 9-4,
ta ca:
' Y= ¥ - ¥ (9-6)

Tit hinh vé ta thdy, do ddc di€m v& budec day cia ki€u day
qufin nAy nén cac phin tit n6i nbi ti€p nhau déu x£p lén nhau
nén goi 1a day quin xép.

9.2.2. Gidn dd khai trién cua diy qudn

Co th€ phan tich cach ddu dAy cla cdc phan ti bing gian dd
khai trign. Dd 14 hinh vé khai tri§n cia diy quin khi cdt be mat
phn dng theo tryc rdi trdi ra thanh m#t phdng D& hiéu r6 cach
phan tich hon cé thé 2ét thi du sau.

- Co day quén x€pdon Z,, = S = G = 16, 2p =-4.

a) Céc bude day qudn:

YA 16
)r1=-—l.’.!'.te=—-—=4
2p 4

y=yg =1
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Y=y, -y=4-1=

b) Thit ty néi cge phin tu:

Can ot vao cdc bube day qudn cd thé b trf cdch ndi céc phan
td dé thuc hién day qu&n. Ddnh 38 cédc rénh tit 1 4d€n 16. PhAn
td thd nh&t cd canh tac dyng thi nha&t (coi nhu dat ndm trén
ranh) dat vio rdnh nguyén t8 thi nhat thi canh téc dung thd hai
cia phln tit dd phai dat vio phia dubi cia ranh nguyén t6 thi § -
(vl y;, = 5 - 1 =4). Hai diu cida phin tit n6i vAo phién déi chitu
I va 2. Canh th@ nhA&t ciia phiEn tir théd hai phai d4t & ranh
nguyén t8 thi hai vandm d lép trén (iy, = 5 - 2 = 3), vi cd
tifp tuc nhu vy cho dé&€n khi mach khép kin. Ta cd th€ didn ta
bdng so dd saw:

Lép trén 1 3 1415 1 khép
ot H/'/'/ﬂ”A/1L<‘s<L4/QGVT/ ¥
¢) Gidn 08 khai tridn:

Ta cd thé theo trinh tu néi cdc phln td d€ vé gian 40 khai
trién (hlnh 9-6).

| =— chidy quay phdn u’ng i

;Il‘% M

[P .

34557851‘03'11'?1314 15
AWy g T

T* ol

Hinh 8.8, Gidn db khal trifn diy qufn xép ddn

145



Khi vé quy udc céc canh cta phlin tit & lgp trén bing nét lizn
-cbn & l8p dudi bang nét dit.

Vi tri cla cdc cuc tir trén hinh vé phai d6i xdng, nghia la
khoang cach giiia ching phai d2u nhau, chidu réng cyc tit vao
khodng 0,7 bude cic. Theo cyc tinh ela cuc tit va chidu quay cia
ph&n dng ma chidu s.d.d cAm ¥ng nhu trong hinh vé. Vi tri cla
ch8i than trén phién d8i chi®u cdng phai d6i xdng, nghia la
khoang cdch gita cdc ch8i than phai bAng nhau. Chi2u réng cia
chéi than cd thé ldy bAng mo6t phién ddi chitu. Vi trf tuong déi
gita chdi than v cuc tit phai c6 mot quan hé nh&t dirh. Chéi
than phai d4t ¢ vi tri d€ s.d.d 14y ra d hai dau ¢héi than lén
nh#&t, mat khac d€ déng dién trong phan tu khi ch8i than bj ngén
mach nhd nhét. Dong dién trong phan ti bi ngdn mach nhé nhét
khi hai canh cda phlin t& ndm & vi trd tring véi duong trung tinh
hinh hoc cta phan dng va nhyu vay thi vi tri cia chéi than dat
trén vanh gép phai tring véi truc cuc ti. D€ tién 1gi, cd khi
trong mot s6 hinh vé ta quy ufic vé vi tri cta céc chdi than §
ding dubng trung tinh hinh hoc trén ph3n dng.

Theo hinh 9-6, khi chdi than trén vanh gép dat ding giita
truc cyc ti thl s.d.d cia cdc phln t¥ giita hai ch8i than d&u céng
v&i nhau nén s.d.d gita hai ch8i than 16n nhat, n&u dich chéi
than dén vi tri khéc thi s.d.d s& gidm di.

9.2.3. S8 d6i mach nhénh

Gia thi&t 4 mot di€m nao ddy day qudn quay dén vi tri nhu
trong gidn dB khai tri€n trén. Ta thiy s.d.d cia céc phian td giita
hai chéi than clng chidu va chdi A,, A, cung cyc tinh (cyc +}.
Cuc tinh cta céc chéi B, B, ciing gidng nhau (cuc —). Vi vay ta
thudng néi A4, va BB, lai. Ti ngoai nhin vae, ddy quén cf thé
bigu thi bing so d® ky hisu nhyv hinh 9-7.

Tit d6 ta théy day quén l1a mét mach dién gdm b&n mach
nhanh ghép song song hgp lai. Khi phln ing quay, vi trl cla
ph2n t thay d8i nhung nhin i ngoai vao vin la b&n mach
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nhénh song song. O vi dy- trén, “mdy cd bbn cyc.nén cd bSn mach
nhénh song song. Néu s6 eyc 12 2p thi s6 mach nhanh ciing sé&
bang 2p. Vi vay, dac di€m cha day quén x&p don la s mach
nhanh ghép song song cla d3y quén phan ing bing s6 cuc tir:

2a = 2p

Hinh 8-7. Sd d8 ky hidu #inh 9-a. Diy quin x8p tréi
diy quin xfp dd¢n

Vi 88 cuc va s§ mach nhdanh déu la s§ ch&n nén ta co:
a=p 9-7)
nghia la sd d6i mach nhanh bang s6 doi cyc ti.

Trong thi du trén y, = 1 nén diy quén duge x&p theo thu tu
tl trai sang phai, ta goi 1a day quén phai. Néu y; = - 1 thi dau
cudi cua phin ti phai nhm bén trii cia dduw diu phan tif nén ta
c6 day qudn trdi (hinh 9-8). Cdch quén nay tén ddng hon nén
ndi chung khong duge dung.

2.2.4. Dung da gidc s.d.d nghién ciru dady quin phdn irng

Gia thi&t tit cAm dudi eye tit phdn b6 hinh sin, nhu v4y céc
phan ti cia day quin khi quét qua tit trudng thi s.d.d cAm dng
trong phan tli cing bién d8i hinh sin va ed thé dung mdt vecto
quay ma tri s6 tic thoi 1A hinh chigu ctia vectd 1én truc tung dé
bifu thi. Nhu vay cé thé€ bi€u thj s.d d cla tft cA céc phin t
bing hinh sao s.d.d(*).

{+) Hay con goi 13 hinh tia s.d.d,
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Vi ct qua m&i d8i cyc, sd.d bign ddi mot chu ky 360° va

Z
86 rdnh aguyén t6 dudi msi d6i cuc 1a —— nén néu coi nhu cac
P

ph2n td day qudn phén bé deu trén be mat phin dng thi gie do
dién gitia hai ranh nguyén t4 {cling la gdc d6 didn vé s.d.d cha
hai phAn td kB nhau) g5 la;

360° p360°  p360°

a (9- B)
Ty fn 8
P
2x360°
Theo thidutrén p = 2,2, =S = [6thitacd a = =45".

Véi chidu quay cda phAn @ng cho truéc nhu tvong hinh 9-6 thi
cdc phan ti 1, 2, 3... IAn lugt quét qua cyc tif nén s.d.d cita phin
td 2 (tdc vectd 2) cham sau s.d.d cla phdn ti 1 (tdc vecto 1) mot
goc a. Theo quy ubc d6 ma vé, ta cd hinh tia s.d.d nhu hinh 9-9.
Ti hinh v& ta thdy ti ranh 1 d&n rdinh 8 phan bd dudi mét d6i
cuc (chi€m 360° gdc d¢ dién) cdn tit rAnh 9 d&n rdnh 16 phan bs
duéi mdt dbi cuc khdc, Hai t8 vecto d triung 1én nhau (nhu vecto
3 va 11...). 8§ di nhu vay vi ching ¢ vi trl tuong d6i giéng nhau
§ dubi ege t nén s.d.d hodn
toan gibng nhau mac di khong 215
cung 4 dudi mot cye til. f

B.14 816

Khi d4 ¢d hinh tia s.d.d, n&u /
theo cdch d&u cla cdc phan td
dé n6i tigp cic vecto cla ching 35 =— - 45° L
lai thi duge da gidc s.d.d. Theo
thi du trén thi cdc phln ti 1, 2, i 210
3... n6i ndi ti€p nhau nén vé ra 31
ta thdy day quin nay cd hai da
gidc s.d.d tring nhau (hlnh ., oy Hah tia sda cia dty
9-10). : quéin x8p don & hich 96
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Dung da gidc s.d.d cd thé
thiy ro dude cdc vin d2 sau:

a} Né&u da giac s.d.d4 khép

" kin thi ching té téng s.d.d
trong mach vong.phdn dng
bang 0 va trong digu kién lam

viéc binh thudng khong cd ddng 545
dién cén bing.

b} Hinh chi&u cua da giadc
5.d.d 1én truc tung 13 tri s6 cuc gu%
dai clha cde vects s.d.d cia mdt
sd phin td ndi véi nhau trong
mach véng phin dng, nén
mudn cho s.d.d ldy ra § hai dhu
chdi than cue dai thi chdi than
phai dat § cac phln tu dng vai
cac vecto 3 dinh va day cia da  wypp g.10. Da gifc sdd cia ddy
gidc. Khi r6td quay thi da giaé quén x8p don & hinh 96
quay, ta thdy hinh chiéu cis da
gidc lén truc tung cd thay ddi chat it theo chu ky. Dizdu dd noi
lén dién 4p phan dng 18y ra § chdi than ¢6 dap mach.

c) Cdc vecto s.d.d cua da gidc cing cé thé bidu thj cho cach
né&i tigp cta cdc phin ti. Do dé ti da gidc s.d.d cd th€ thdy sd
d6i mach nhdanh a (cu mbi da gidc tuong dng véi mot déi mach
nhdnh)

d) Nhitng di€m trung nhau trén da gidc 12 nhing diém ding
th& cua day quén. Co thé n6i day can bé.ng dién th€ duge nhu
diém 1-9, 2-10 v.v..

9.2.5. Su dap mach coa dién &p & cac chéi dién

Nhu da ndi & trén, néu 86 canh cha da gidc s.d.d khéng nhidu
(nghid 14 §6 phAn ti cia day quin ¢d han) thl khi roto quay,
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s.d.d 18y ra ¢ chdi dién dap mach trong gidi han tit U, (hinh
9-11a) dén U, (hinh 9-11b) moét cich chu ky.

73
Tt hinh vé ta 'dﬂqc U] = Uzcos—é-
Tri s6 dién dp trung binh trén ch6i dién bang:
U+ U, 1 U 4 a
b e = ——— COS—am
Hi¢u sd dién 4p giita U, hay U, v6i U, bang:
1 s
AU = Uz - U[b = Ulb - U] =—“Uw(1 - COS — )
_ 2 - 2
Sy dap mach cta dién dp dude xac dinh bdi quan heé:

1U(l %)
—_— - COS—
2. ¢ 2

AU i
= = tg'— . (9-9)
U 1 ) a 2
— Ul + cos+—)
2 2

p360°  180° 180°

Theo cong thic (9-8), géc d¢ dién o = = = ,
g & -8 S/2p G/2p

G
trong dd o la 36 phign ddi chidu dudi mébi cuc tir.
P

K M H
a)

Hinh 9.11. Sy dép mach cla dién ap 6 céc chéi dién v&i s8 phan ti chin
trong nhanh ddy quin phdn dng

T*h



G
Ta thdy néu P cang l6n thl ¢ cang nhd va nhu vay sy dap
p

G .
mach dién 4p cang {t. Khi P = B thi sy dap mach d6 dd nho
p

hon 1% nén d& khé nhén th&y va dién ap cia mdy dién dudc coi
nhu khéng déi.

9.3. DAY QUAN XEP PHUC TAP

9.3.1. Budc diy quén

Diém khdc nhau giita day quén x&p dan va day quén phuc tap chi
& budc day y;. Néu y; = m, trong d¢
m = 2, 3...s8 nguyén thi ta co day
quin x&p phic tap. Thudng chi ding m
= 2 va trong may cong suft that 16n
méi dung m > 2. Theo hinh 9-12 ta
thdy, khi y; = 2 thi ph&n td thd nhat
khong ndi v4i phan td thd hai k& bén
ma ndi vdi phiAn t¥ thd 3 va cd ndi
nhu vay cho dé&n khi khép kin mach.
Néu c¢d nhitng phan td chira lai thi lai
ndi ching véi nhau thanh mét day
quén x&p khac, thanh ra cd hai day
quén x€p xen ké nhau va néi song song

Minh 9-12. Cach ndi céc

phin td trong ddy quin
x§p phic tap vfi nhau thong qua chdi than hinh

thanh day quédn xép phic tap.

9.3.2. Gidn dd khal trién

Dé thay r6 cdch bé tri ddy quidn xép phic tap ta néu mot thi
du d€ d& phan tich. '

Cé day quan xép phic tap yo = m = 2vi2p = 4; Z , = 8§ ="
G =24
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a) Cac bude day quin

Z 24
1=._n(_t£=_=6
2p 4

y =yg = 2

Y=y -y=6-2=4
b) Trinh ty néi cde phén tit

Léptrda 1 3 5. 7 8§ H 1B B ¥

Lépdud 7 9 f 1 15 ¥ 19 21 23

‘Léptrdn 2 4 6 8 10 ' W B B

Lbpcdudi 8 10 12 ¥ 16 8 20 22 24

19 21 23 1 .
khép kin

1 3 5

20 22 24 2 ,
khép kin

26 4 6

‘Tt trinh tu néi day ta thdy, day quidn nay gdm ed hai day
quin don khang lién quan vdi nhau hgp lai !am thanh hai mach

dién kin déc lap ()

chiéi e
e quay phanidng

-~ ,"\Af\.’\'\—"'n PN NI NN
e »(’E '\xv el ,v‘(ﬁ‘, g ’X,\V\\%f XK

Leg" Nava) S
AR "‘2‘:(%"3‘ >
' N ‘( o N 4

d ’<\" S b A

VLT EELLL

(W) \ ,,

Hinh #-13. Gidn dB khai trién diy quin x&p phdc tap

(*) Hay con goi 13 mach vong kin d4dc 13p.
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¢y Gidn d& khoi trndén

Theo thit tu ndi cac phhn tir ¢S theé ve gidn dO khai tri€n cia
day quén. ‘

Cach b6 tri cyc tir va chéi dién nhv & day quén x&p don, chi
¢é khae 1a b2 rong chdi dién it nhat la bing hai phién ddi chidu
dé cd thé |8y dién dong thoi ¢ hai day quin ra duge (hinh 9-13).

9.3.3. 88 mach nhénh song song

Day quin x&p phudc tap thuc t&€ 13 do 2 hay m day quén don
hop lai cing d4w chung véi chdi than, do dd tirt phia ngoai chéi
than nhin vao s6 mach nhdnh song song cia day qudn gép hai
hay gap m lin s8 mach nhdnh song song cua diy quén x&p don.
Vi vay s6 doi mach nhdnh ciia ddy quén x&p phic tap bing:

: a = mp (9-10)

Hinh 8.14. Hinh tia v da®gidc sdd cua diy qudn x8p phic 1ap 3 hinh 913
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Ta c¢d thé dung da giac s.d.d ¢€ nghién cdu day quin xép phue
tap nhu d6i vdi diy quin x&p don (hinh 9-14).

Trong thi du trén ta th&y G chia chéin cho m (bang 2) nén day
quén x&p phiic tap c¢d thé phan thinh hai mach dién khép kin.
Nhung day quén xé&p phidc tap cing cd thé chi quin thanh mét
mach dién khép kin, dd la truang hgp G khong chia chan cho m.
Vi dy day quén xép phdc tap voim = 2, 2p =4, 2, =8 =G = 23
thi bugc day va thd ty néi cic phan ti nhu sau:

Zy

2p
Trinh tu n6i cdc phan ti:

yl= ie:—:ﬁ,y:yG:Z,yz:yl-y:&l

Lép trén 1 3 7 9 1 13 7 O1®© 2123 2 4

Lép dud 7 Il G ' o o ' e

4 B 8 W 12 W B B 20 22 1
¥ 12 W 1B 18 20 22 1 a3 khép kin

Day 1a mot day quéin xép phic tap vi y; = 2, nhung vén c6
hai day quéin x&p
don xen k& khong
tdn tai doc lap dugc
ma toAn bd ndi ti&p

. + +
véi nhau.
Sa dd da gisc
s.d.d cta day quén
x&p phuc tap hai
mach dién d¢c lp va - ol
" "khéng dgc 1ap nhu
hinh 9-15a va b. al &)
D la mét mach Hinh 9.18. Déy qudp cé hai mach dién kin
dién kin hay hai déc §p [a) va khdng dbc /ap (b)

154



mach dién kin thi vAn c¢6 a = mp va khi lam viéc. hai loai day
quidn d6 khéng cd gi khdc nhau.

9.4. DAY QUAN SONG DON

9.4.1. Buéc diy quén

Dac di€m cda day quédn sdng ia hai d3u cka phan ti¥ néi vai
hai phién d8i chigu cach rdt xa nhau va hai phdn ti ndi tiép
nhau cing cdch xa nhau nén nhin cich ddu gan gidng nhu lan
song (hinh 9-4b).

Cédch xdc dinh bude day thd nhét y;, giéng nhu d6i vai day
quéin x€p dan, chi khdc & y;. Khi chon y.., truée hét yéu cin
s.d.d sinh ra trong hai phin tu ndi tiép nhau cing chidu, nhu vay
s.d.d mé&i cd th€ cong sd hoc voi nhau duge. Mudn thé thi hai
phAn td d6 phai ndm dvdi cdc ede tii cing cue tinh, ¢d vi tri
tuang 48 ghn giéng nhauw trong tir trudng, nghia 13 cach nhau
khoang hai budc cuc. Mat khac cdc phan td ndi ti€p nhau sau khi
quin vong quanh b® mat phAn ng phai trd v& bén canh phin td
diu tién d€ lai ti€p tuc nb6i véi cac phan td khic quin vdng thd
hai. Néu s8 dbi cyc 12 p thi mudn cho cdc phan ti néi tidp nhau
di mot vong b® mat phan ding, phai ¢ p phkin ti, hai phién d8i
chidu n6i véi hai dau cia phan ti cach nhau y, phién, do dd
mudn cho khi quin xong vong thd nhdt dau cudi cta phan tit
phai k# vgi diu dau cua phin tif diu tién va s phién d8i chidu
ma cde phin t¥ vugt qua phéi bang: '

Py =G =1
G =1
va ta cd; yg =— 9-1D
p

Néu lay ddu "~" ta ¢d day quén trdi, néu ldy ddu "+" thi ta cd
day quén phai. Thudng dung day quén trai che d3 t6n dong.

Theo dinh nghia clia cdc bude day quédn ta cd:
Yy =Yg (9-12)
Y2=¥-Y (9-13)

155



Ti céc cong thic vé bude day v, trén, ta thdy mac dau hai '
phan t ndi néi tiép vdi nhau & dudi cdc cye tit cung cde tinh
nhung vi tri tudng ddi trong tir trudng khong hoan toan nhu
nhau, vi khodng cach vanh gita hai phan tu dé la:

G +1 Z =1 Z 1

y=y¥g = = = =—" + __ ma khoang céch giita

P P P p

Y/
hai buéc cuc tinh bang 36 rdnh lai la —= do d6 hai canh tuong
P
1
Wng cia hai phan td ndi ti€p nhau léch nhau di mot gde bang —
budc ranh trong ti trudng. DJ la hién tugng tAt nhign trong day
quédn séng.
9.4.2. Gian dd khai trién
Vi dy cd day qudn séng don voi 2p = 4, G =8 = Z = 15
a) Bude déy quédn

Z, 1 3 ‘
Yy = *+ § =— - -— = 3, (chen budc ngdn)
2p 4 4
G =1 15 -
Yo = = = 7, (day quin trai)
p
y=yg=1

¥ =¥ - ¥ =7-3=.4.
0) Thir tu ndi cdc phan tu

Ldptrién 1 8 15 7 14 & 13 5 2 4 11 3 W 2 9 Iyngp
Lépdudi & 1 4 W 2 17 8 1% 7 % 6 B8 5§ 12 kn

c) Gidn dd khai trién

Cdch v& vij tri cuc tit va chéi than trong gidn d& khai trién
giéng nhu & day quén x&p. Theo thd tu ndi cde phan ti ta thiy,
phan t& 7 ndi vdi phan td 8 rdi vdi phin td 15, cdach nhau bay
phén td. Nhin trén gidn db khai trién ¢hinh 9-16) ta thdy, nhing
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canh tuong ing cla cdc phan ti dy ddu nim duéi cdc cye tit
cung cuc tinh, vi du canh thd nhft cha cdc phan t ndi ti€p nhau
1, 8 15... dbu

—— chidd ‘?““’-‘-"”"5”"""’57 ndm dusi eye S.
L\?‘/\\\\\‘ X, \/‘\*\ Nhung sau khi
¥ 2‘~| 3‘ .6"5\ 6_‘ r‘IE 1, ndi dén phan ti 5
} | s trd di thi tdt ca
| | cédc canh sé nam
'\ L \\l\ \ i\‘L 4 AU & dudi cue ¥ cho
AAAAAARX |- den khi ni thanh
- ) Y Y mach kin.

Jle |56 |7 8] frefrmfr2]ra]rajis |1 |2
A0 W0 4B, gHMEN_I-- Vi vay quy
g 1 lugt ndi day cia

day quén nay la
trudc hét ndi ndi
ti€p tdt ca cac
phin ti & dudi cdc cyc ciing cdc tinh lai rdi néi céc phan ti §
dudi cde cye cd cuc tinh khdc cho d&€n khi hé&t. Di may cd bao
nhidu d6i cue thi cach ddu ciing vdn nhu thé.

Minh @-18. Gian d3 khai tri6n diy gqun s6ng don

9.4.3. 56 ddi mach nhénh
Cd thé€ dung da gidc s.d.d d€ xdc dinh nhanh chdng s6 d6i
mach nhdnh cia day qufin sdng don. Theo hinh tia s.d.d, gdc d&
p360° 2 x 360°
15
Khi v& hinh tia s.d.d (hinh 9-17a) ta thiy khéng cd vectd s.d.d
nao trung nhau do dd ta chi dugc mot da gide s.d.d (hinh 9-17b).

Vi chi cd mot da gide s.d.d nén chl cd mot ddi mach nhénh, ta
co

= 48°

dién giwa hai phan td ké nhau la a =

a=1 ‘ (9-14)
Ve 1y luan ta thdy cé thé chi cin hai chdi than cing da (vi-chl
c6 mot doi mach nhanh) nhung thudng vadn dat s6 chéi than bang
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#8 eyc tU. Lam nhu vdy mot phAa d¢ phan bo dong dién trén
nhidu chéi dién hon, lam cho kieh thude chdi dien ngan di, gidm
dugce chit2u dai cda vanh gép, nhung chw yéu la d€ dam bao tinh
d8i xdng cda cd bai mach nhdnh. Theo hinh 9-17b ta thdy cd
ndm phan td bj ngdn mach va khép kin qua chéi than (2, 5, 6, §
va 13) nén trong méi mach nhinh cdn laf nam phan tit, nghla la
ching d6i xudng nhau.

Hinh .17, Winh tia vi da gidc sdd cOa diy quén 3dng don theo hirh 9-16

9.5. DAY QUAN SONG PHUC TAP

8.8.1. Buc ddy quin

Trong d&y quén asng, ndu cic phdn ti ndi ti€p nhau, khi quay
mot vdng quanh b? mat phAn dng khong trd v& vi tei phiin th
dau ma cdch 2 hoac m phin t thj ta*duge day quan song phuc
tap. -~

e,
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Cwt tiép tuc qudn nhu vay thi vong sau cdch vong trudc 2 hay
m phin t¥ cho dén khi mech kin. N&u co nhilng phin td cdn lai
thi ching lai néi vdi nhau theo quy luat trén hop thanh 2 hay m
mach kin khac.

Can cid vao cdch quén trén ta ¢d: py; = G = m, do dd bube
vanh gép bAng:

9-15)

Cac budc diy quin khdc gifng nhu & day quin séng don.

9.5.2. Gidn 4% khe} trifn
Vi du cé Jay quin sdag pbic tgp m = 2, 2p = 48 = G = Z,
= 18. '

a) Cdc bude ddy gudn
Z 18 2

. =-“_‘¢e=_-.'---=4,bd6cnn
T % 4 4 et
G-m 18+ 2
Y=Y = = =8

p 2

y,=y-y =8-4=4

6) Trinh tu néi cic pAdn tit

Lop trén 1 9 w r 5 % 13 3 1 A1
' khép kin
Ldp dudi 5 13 o+ ¢ T 7T B
Lép trén 2 1B B B W &8 # &
. khép kin
Lép dudi § W 4 12 2 N B 8 ¥

Day la mot day quén séng phic tap c6 hai mach véng kin.
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¢/ Gidn dd khai tridn

Gian db khai trién nhu hinh 9- 18, trong d3 be rong chdi than
it nh4t bdng 2 hoac m phifn d8i chitu d& ldy dién & cdc mach
. ving ra.

. ChiU quay phin ung

Hinh @-18. Gidn d8 khai trién ddy quin sdng phic tep

2.5.3. S6 ddi mach nhénh

Day quén sdng phitc tap cd thé coi nhu gdhm m day quin séng
dan hgp lai, do s8 d6i mach nhanh cia day quén sdng phic tap
bing m lin s§ d6i mach nhdnh ciia day quén sdng don. Ta cd s6
d&i mach nhdnh cia dAy quén séng phic tap bang:

a=m (9-186)
Tir hinh tia va da gidc s.d.d (hinh 9-19) ta thdy dugc didu do.

Cing gidng nhu ddi v8i didy quén x&p phic tap da noi ¢ trén,
day quin séng phic tap c6 thé gdm nhidu mach kin doc lip hay
cing cé thé chi n6i thanh m6t mach kin. Khi may lam viée,
hai loai day quin dd khong c6 gi khdc nhau. Ndi chung néu yg,

“va a = m cd udc 88 chung 18n nh4t 1& ¢ thi ¢ t mach vong dée
lap.
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&4

a-ir

§-7¢

Hink 8-19. Hinh tia v da gide sdd cda diy quén séng phlc tap 8 hinh 9-18,
9.6. KHAI NIEM VE DAY QUAN HON HOP

Trén thuc &, day qudn hdn hop hai loai ddy quin x&p don va
sdng phuc tap cung néi lén mbt cf gdp. Nhu vdy s6 ddi mach
nhanh bang tdng sé 36 ddi mach nhdanh ctia hai loai day quén dd.

Hai day qudn d&u dat chung trong céc ranh va d2u néi chung
lén vanh gép, vi vay s6 phan td S cia ching phai bing nhau.
Mat khac hai day qudn dd dugc ghép song song théng qua ché8i
than ti [én vanh gdp nén s.d.d cAm dng cla chang phai bang
nhau, nhy vay s6 phan ti néi ti€p trong mdi mach nharh phai
bidng nhau va s8 mach nhanh cda ching cing phai bang nhau.
Trong mday dién cong sudt 1dn, sd doi cuc p > I, vi vay néu dung.
day quén x&p ddn thl theo céng thic vé sé d6i mach nhanb ta
phai dung dAy quén séng phuc tap cd m = p dé€ cho s8 ddi mach
nhdnh ctia ching bang nhau. Quan hé giita day quén sdng va xép
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trong day quén hén hop
nhy trong hinh 2-20.

Loai day quén nay
thudng dang trong mdy
- dién cong suft lén, téc do
cao va déi chigdu khd khan.

9.7. DAY CAN BANG
DIEN THE

Day quin may dién mot
chi®u tuong dng nhu mbt
mach dién gdm mot s6°
nhdnh song song ghép lai.
Trong didu kién binh
thudng, s.d.d sinh ra trong cdc mach nhdnh dd bing nhau, khi g

' tai dong dién phan bd d&u trén cac mach nhanh. Nhung néu cd
nguyén nhan gi dé lam cho dang dién trong cic mach nhdnh
phan b6 khong déu nhau thi sy lJam viéc clia may sé& khéng cd lgi.
D& tranh tinh trang dd ta n6i ddy cAn bing dién thé dé dam bao
sy phan phdi déu dan dong dién trong cdc mach nhanh. Sau day
sé ndi dén day cAn bang dién th& cho cac leai day quén.

Hinh @-20. Bude cyc cla céc phlin td
day quin hda hop

9.7.1. Ddy cén badng loai mit

Day ddn cia cdc mach nhdanh day qudn x&p don dugc dat &
dudi nhitng cve tit khde nhau. Néu tit thong qua khe hd duéi cdc
cyc tit bing nhau thi s.d.d cdm dng trong cic mach nhinh sé
nhu nhau vA may lam viéc binh thuong. Nhung trén thue t&, do
lap ghép hay ché tao khéng t6t hodc do lam viéc lau ngay & bi bi
mon nén khe hd dudi cdc cye tir ed thé khong bang nhau vi vay
t#t théng dudi cdc cue tit khing bang nhau va s.d.d cam dng
‘trong cdc mach nhdnh sé khéng giong nhau. Su khong can bang
s.d.d trong cdc mach nhdnh sé lam cho trong day quéin sinh ra
dong dién can bang. Vi dién trd day qudn rat nhé nén maot sy
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khéng can bing rdt nhé v& s.d.d ciing dd sinh ra dong dién can
bang ldn lam cho mdy khi ¢d tai thi ddng dién trong céc mach
nhanh sé khong déi xing nghiém trong, tén hao dbng trong day
quin tang lén, maAy ndng... Ngoai ra do dong dién qua chéi than
khong d6i xing nén c¢d thé ¢d chdi than qua tai lam cho ddi
chidu khd khan.

Dé gidi quyét vdn d& dd, ta nbi cdc di€m v& Iy luan la ddng
thé lai véi nhau. Trong thi du v dAy qudn x€p don & trén hinh
3-6 va 3-10, céc phin t 1 va 9; 2 va 10, 3 va 11... ndm & vi trl
~ tudng dng giéng nkau dudi cac eue tit cing cuc tinh nén cac
di€m tuong ng trén hai phan ti dé ddng the& va ta cd thé nbi
day cin bang. T dd ta thdy budc th& y, bing s6 phign dfi chitu
dudi méi doi cuc va vi trong day quén x8p don 2 = p, nén ta cd:

G G
Y, = — =— . 9-17
p a
Thuing ngudi ta khong ddu h&t cAc dAy cAn bing dién th& ma
chl néi quang 1/3 hay 1/4 s6 day can bing cd thé nfi duge (xem

day cAn bang dién th&€ & hinh 9-6).

Day caAn bang dién thé trén lam mét sy khong 48 xdng cha
mach til trong mdy dién d&€ can bAng dién th& 4 cd&c mach nhanh
cia day quin x&p, ndm duéi che cyc cd ciing cyc tinh duge goi
goi 1a day cAn bing loai mot.

8.7.2. Day cén bdng loai hai

Day quén sdng don chi ¢ mdt d6i mach nhdnh nén khong cs
G =1

di€m dang th&. Co thé thdy didu d¢ ti cong thic y, =

Do y, =9~ khong thé€ 1a s6 nguyén nén khong thé€ c¢d difm ding
th€ dugc. Thyc t& thi & day quén sdng don ciing khéng cln ndi
day cAn bing dién th& vl cdc phan ti néi ti€p d€ lam thanh mot
mach nhanh song song d&u phan bd dau & dudi céc cuc tit cho
nén di tit thong dudi céc ede tit khac nhau thi s.d.d trong hai
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mach nhinh vdn bing nhau.

Trong diy quin sdng phiuc tap thi a > 1, nhung cing v iy do
trén nén khong thé cd trudng hop s.d.d khong bing nhau trong
cdc mach nharh. Tuy nhién khi cd tai, dong dién gita cdc mach
nhanh cd thé phin bd khéng déu do dién trd gita cac mach
nhanh khéng bang nhau, nhy dién trd tiép xuc gilta choi than véi
vianh g0p d hai mach khéng bing nhau chdng han. Dong dién
trong cdc mach nhdnh khdac nhau [Am cho sy phan bd dién dp .
gilta cdc phién d6i chigu k& nhau khong d2u nhau va lam cho
tinh trang lam vige cfia mdy xéu di. D& tranh didu dd ta dung
day can bing dién th€ néi cic-diém dang thé vé ly thuyst cia cdc
mach vdng cia day quén sdng phuc tap, dam bao dong dién phan
bd dBu trong cdac mach nhdnh va 1am cho dién thé phan bs déu
trén cdc phién ddi chiéu.

Day e4n bang diung d€ lam mét sy phan bd khong d&i xing
clia dién 4p trén vanh gép nay goi la day can bang loai hai

Budc thé€ cia day can bAng loai hai bang:

S G
yl=—-=-..._.—.
a,

a
Trong day quédn x&p phic tap thi cdc day quén x&p don phai
diing day c&n bang loai mot va giita cdc day qudn xé€p don dd vai
nhau dung day can bang loai hai.
Cac day can bing dién thé€ cd thé 1Ap & phia vanh gop, cing oo
th€ l4p & dau béen kia. Tiét dién cha day cAn bing dién thé cd thé
nhd hon tiét dién day din cua cac phin td mdt it

9.8. CHON KIEU DAY QUAN

 Su khidc nhau giita cdc day quédn chu y&u la s8 d6i mach
nhdanh. V@i s6 phan td nhu nhau, néu s d8i mach nhénh cang
rhidu thi s6 phan ti ndi ti€p trong mbi mach s& giam di nén
s.d.d cia mach nhanh nhd, dong dién phan dng 1dn. V& nguyen
tae, khi may cd dong dién ldn, dién 4p thdp thi cdc day quén cd
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86 d6i mach nhdnh nhi2u va nguge lai khi dbong dién nhd dién dp
cao cAn diy quén cd s6 d6i mach nhanh it ma s§ phin ti ndi tiep
nhigu.

Khi chon day quin cdn phai xét d6h cOng sudt cia mdy va ky
thuat ché tao cing nhu tinh kinh t€ Pham vi dng dung cia cde
loai day quin khong duge phan chia mét cach ré rang, tham khao
theo bang sau.

Dic didm cda ddy quin
Tén Sd doi Pham vi Ung dung
day quin Y=Yg Y, Y2 mach
nhanh a
Méy céng sufit via,
Znt didn &p thudng va
X&p don + 1 — |l y1-y p cing suft 16n, didn
2p 4p cao.

May cong sudt nhd,
xXp Znt di#n ap thdp hodc
phic tap =+ m — =+ el yy-ym p cing suft 16n, din

2p 4p thudng.

May cbng suft nhéd

G =1 Znt va via, didn ap
Séng ddn —2 & ¥ - ¥ 1 cac hodic tudng
p 2p d8i cao.
Séng G+m Znt MAy cbng suflt vua,
phdc tap *e| ¥y - ¥y m didn 4p cao.
P 2p
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% B. DAY QUAN PHAN UNG MAY DIEN XOAY CHIRU
§ 9.9. PAI CUONG |

D4y quin phin ing cia may dién xoay chidu cd nhiém vy cam
f ing duge s.d.d. nhdt dinh ddng thai cing tham gia vao viée tao
nén tu trudng cin thigt cho sy bign d4i ning lugng co dién trong
may. K&t cu cda ddy quén phai dam bio dugc nhitng yéu ciu
nhu tiét kiém day ddng (cht y&u & phin d2u n6i), ben v2 cg,
dién, nhiét ddbng thoi ché tao don gidn, l4p rap sita chita d& dang

DAy quéin cd th€ ch€ tao vdi s6 pha m = 1, 2, 3, trong dd chu
y&u la day qué&n ba pha, sau dd la day quin mot pha (day quén
1Bng soc cia may dién khéng ding by dude xem nhu day quin cd
8§ pha m bing s6 ranh Z, cta roto). Thudng thi 86 ranh ciia mét
pha dudi mot cdc q 14 s8 nguyén nhung trong médt s6 trudng hop
chn thi&t q cd th€ 1a phan s8. Day qufin cla mdy dién xoay chidu
c6 thé dat trong ranh thanh mot 16p hodc hai 16p va tuong ing
la day quiin moét l6p va day quén hai lép.

Trong thyc t& cé rit nhidu kifu day quén mAy dién xoay chidu
nhung trong chuong nay ta chi d& cap dén mét s6 ki€u day quéin
va déi v6i mdi loai chi y&u chi néu 1én phuong phdp phan tich va
so db ndi day. .

9.10. DAY QUAN €6 Q LA SO NGUYEN
9.10.1. D&y quén mdt lop

Day qufin moét 16p thudng duge diing trong cdc dong co dién
cong suflt dudi 7 AW va trong cdc mdy phdt dién tuabin nudc. Dg
I3 loai dAy qufin ma trong méi ranh chl d&t mot canh tdc dung
cia mot phln ti (hay con goi la béi day). Vi mbi phan ti chi ed
hai canh tdc dyng nén d46i véi day quén mot l6p s8 phiAn td
S =3 - Trén thye t€ ta thudng gﬁp daAy quin mot 1p ba pha
nhung cing cd nhitng trudng hgp day gquin mot 16p mdt pha.
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Ta hay xét thi du day quin mot lop véi s6 pham = 3; Z = 24;
2p = 4. D& c6 thé thiét lap so db n6i day, trudc hét ta hay vé
hinh sac s.d.d. cua day quén dd.

Vi goc lech pha gitta hai ranh lién tigp:

p360°

o = = 30°

nén s.d.d, cia cdc canh tdc dung tit 1 d&€n 12 duéi déi cuc thi
nhdt !1am thanh mét hinh sac s.d.d. ¢cd 12 tia nhu trén hinh
9-21a. Do vj tri ciia cdc canh 13 + 24 dudi dbi cuc thd hai cing
hoan toan gifng vi trf cia cdc canh 1 = 12 dudi d8i cye thd nhat
nén s.d.d. cia ching cing cd thé bifu thi duge bang hinh sao
s.d.d. tring v6i hinh sao s.d.d. thy nh&t. Vi s8 rdnh cia mét pha
dudi mét euve q =—E- = 2 (ta c6 ving pha y = qa = 2x30° =
2mq

60°), hon nia hai canh cia méi phan td canh nhau y = 1 = mq
= 6 rdnh, nén pha A gdm hai phln t& tao thanh béi cdc canh tde

™ dung (1-7), (2-8) duéi d6i cuc thd nh4t va hai phin tit (13-19),

{14-20) dudi doi cuc thd hai. Do céc pha lach nhau 120° nén pha
B gbm cdc phin td (5-11), (8-12), (17-23), (18-24) va pha C gbm
cdc phln t& (9-15), (10-16), (21-3)}, (22-4). Hinh sac s.d.d. cla
cdc phan td trinh bay trén hinh 9-21b. Cong tdt cA cac vécto
s.d.d. cla cdc phAn ti thudc cing mft pha ta sé duge cac s.d.d.
E,, Ef va E.

Dem néi tié€p cdc phin td thudc ciing mét pha véi nhau ta
duge ddy quin ba pha. Hinh 9-22 trinh bay mét ki€u day quédn
v@i cdc phlin tit cd kich thudc hoan toan gidng nhau cd tén la day
quén ddng khudén. Vi méi pha ¢d hai nhom phin td ¢d vi tri dudi
hai d6i cyc hoan toan gidng nhau, nén cd th€ tao thanh hode mot
mach nhanh - néu n6i cusi eda nhdm phAin t& trude véi dAu cia
nhém phin t& sau, hoic thanh hai mach nhdnh ghép song song -
néu n6i d3u civa hai nhém phln tt véi nhau va cudi cia ching
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_.Minh 9-21. Hinh 530 sdd rdnh (a) va hinh sao sdd. phlin td (b) cla ddy
quiin ¢6 Z =24, m=32p=4q=2

vOi nhau. DAu cha
mhém phln ti, thi du
ctia pha A c¢d ghi ky
hitéu "** nhu trén
hinh 9-22. Cach ndi
day trén hinh 9-22
dng vai trudrng hop
mdi pha c6 mdt mach
nhdnh. Khi n6i thanh
hai mach nhénh, ‘44
s.d.4. clia mdi pha a8

‘giém di mdt nda Hinh 9.22. Diy qun ba pha dbng khudn
nhung ddng dién cta don gidn v&i Z = 24, 2p = 4,9 = 2

.r
| VY
e
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mdi pha sé tang gip d6i. Trong trudng hgp tdng quat, néu mdy
cé p doi cyc thi s6 mach nhanh song song cia méi pha la k véi
digu kién la k chia hét cho p.

Tit hinh 9-21b ta
nhan thdy ring, tri s6
s.d.d¢. cua méi pha
khéng phu thude vao
th tu ndi cdc ranh

tdc dung. Ldy thi du ‘ﬂ; I l R4
d6i voi pha A ¢ thé , J: |
ndi cdc canh tac dung L: : -___;‘EEF“} ":r-’ ; 'U
theo th ty 1-8 - 2-7 " #--- —b d—p )N J 0
"3 dudi doi cue thu i | ; QSRR EE 1
nhat va 13-20 - S 5 5 ¢ M

14-19 dugi déi cuc

thi hai va dudc hai Hinh 9.23. Diy quén ba pha ding t&m hai mit
nhom ¢6 hai phan tu v Z = 24, 2p = 4 q =2

kich thudc khong

gidng nhau (hinh 9-23). Loai day qudn nhu vay goi la day quén
dbng t&m. Khi thuc hién day qudn dong tadm, dé cho cidc phan
dau néi khong dé chéo 1én nhau can bd tri ching 1én cac mat
khac nhau nhu trén hinh 9-24. O day phan diu ndi duge bs tri
trén hai mat. Cing cd thé€ bé tri phan diu ndi ctia ba pha trén

Hinh 9.24. BS tri phin diu ndi cia déy quin dBng tdm trén hai mit khac
nhay, 1. I6i thép stato. 2. vanh ép I&i thép;, 3. nhém bdi diy ngdn; 4. nhém béi
didy dai
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ba mat khac nhau nhu trinh bay trén hinh 9-25 Tudng &ng lic
dd sé od day quin dong tAm hai mat va ba mat. Ro rang la & day
quin déng tdm khd thuc hién duge cdc nhianh song song hoan
toan giong nhau, vi chidu dai cia cde nhdm phin td trong tung
pha khéng bang nhau.

9.10.2. Day qudn hai I6p

Day quén hai lép la loai day
quin ma trong mdbi ranh cd dat
bai canh tac dung cia phén tua.
Nhu vay d6i vai day quan hai
18p, s0 phan ti § bing s6 ranh
Z. Gidng nhu & ddy qudn cua -
méy dién mdt chigdu khi gudn
day, canh thid nh4t clia méi ,
phan td dude dat 6 10p trén  winn g-28 BS ti ohin diu ndi
cia rinh, con canh thi hai trén ba mat khac phau
dudge dat d 16p dudi daa mét
ranh khdc. So vé6i day
quin mot lop, diy quin
hai 16p co vu difm thuc
hién duge bude ngén, lam
y6u dudge s.d.d. bde cao do
dd cai thién duge dang
song s.d.d. Tuy nhién ng
cang cd nhuge diém la
khi&n cho viéc ldng day
quén vao ranh cing nhu
viée sita chia day quidn
gap khdé khan hon. Cing
nhu day quin cua may
dién mot chidu, day quin y,, g.26. ving pha © =
hai 18p cha mAy dién xoay cia day quin c6 Z = 24, 2p = & m

]
o
=]

Q
<

@
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chiéu ¢6 thé ché tao thanh ki€u qudn x&p hoac quin sdng, trong
do day qudn x&p la chi y&u con day quin sdng chi dung d6i vai
roto day quan cua dong co dién khang ddng bo va d6i v6i may
phdt dién tuabin nudc céng suft ldn.

Day qudn hai i8p ba pha ¢ thé quén v6i viung pha y bang 60°
hoic 120° nhung thudng sit dung ving pha 60°. Hinh 9-26 trinh
bay hinh sao s.d.d. cha céc phan ti cha day quén cé Z = 24,
2p = 4, m = 3, trong d6 gdc cia cdc vectd s.d.d cia hai phln tu
ke nhau a = 30°. Theo cong thic (10-10) ta thdy hé s quén rai
khi ving pha » = 60° 16n hon hé s8 quén rai khi y = 120° +i
vy vdi cling mot s6 véng day, s.d.d véi ving pha y = 60° sé 16n
hon khi y’ = 120°.

Anlaz ]._sa ]xx?cchrFq |zﬂas!u ] ccf vy

4[:1|33|xx| ccTyy‘u|zz,agfxx [cc[yv]a

A
2

—

e
2=

ey ]

—24

L -
¥ o
=

[P .

HO— e

_.F .
\ !
! .
1
|

F

‘r | TR
:

é ()

C X

o
=0
N 0—---:-

Hinh 9-27. Ddy quin x8p ba pha hai Idp voi 2 = 24, 2p = 4, q = 2
y=5p8 =586
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Hinh 9-27 trinh bay s¢ dd khai tri€n cta day qudn x€p d6 khi
thuc hi¢n véi ving pha y = 60° va bude ngdn y = gr = 5 ranh
(# = 5/6). Ta thdy rang & day quin haj 16p, dudi mdi cue tit hinh
thanh mét nhém q = 2 pliin ti cia mét pha. Vi cac nhom phan
tl cud mét pha lién ti€p duge dat dudi cac cuc khic nhau nén
s.d.d. cam Ung cia ching co chi?u nguge nhau (dau cia cédc
nhdm phin td, thi du cia pha A od ghi k§ hiéu ™*"). D& méi pha
hinh thanh mot mach nhanh phéi néi cudi cia nhém phin ti
trude vai dhu cta nhom phiin tif tiép thec nhu trén hinh 9-27.

Néu muén méi pha cd nhitu mach nhinh song song phéi néi
dBu cia cde nhém phin t cia pha d6 vé6i nhau va cudi cic nhdm
phin ti d6 voi nhau. Ndi chung s nhdnh song song cta mit pha
cd thé 1a k vdi didu kién k chia h&t cho 2p.

Hinh 9-28 trinh bay day qu&n séng cd cdc s6 lidu gi6ng nhu
cua day quén x&p trén hinh 9-27 (D& don giin, trén hinh chi
trinh bay cach
néi day cua
mot pha). Vi
mdi pha chiém ’__
s6 rénh vin
gidng nhu &
day quin x8&p
nén s.d.d. cim
idng cuaa hai
loai day quin
dd hoan toan
bing nhau
ma_.‘c du cach
qufn day cuia
ching khace
nhau. Diung s6
higu rdnh
trong dd cd

- ————

19 =

Hinh 9-28. Day gquin ba pha hai Idp v8i Z = 24;
2p =4 9g=2y =575 =5/6

172



dat canh tac dung thv nhét cta phin ti d&€ dénh s6 phBn tu dd

ta thdy, trong day qu&n sdéng néu bit diu tit A; d&n X, thl sau

khi di quanh phan dng q vong (& dAy q = 2) ta dat dugc céce

phan t¥ 2, 14, 13 ndm dudi cdc cuc N. Cing nhu vay n&u bat

dau tit X, dén A, thi sau khi di quanh phln dng 2 vdng ta ¢ cic

phan td 8, 20, 7, 19 ndm dudi cic cyc S. S.d.d cha cdc phln ti
nam dudi cdc cde khdc tén sé c6 chidu nguge nhau, vi vay néu

muén méi pha cd mét nhanh thi phai ngi X vbi A,

O trén da trinh bay ddy quén ba pha mot l6p va hai 16p.
Trong cdc may dién nhé dung trong ty dong cdn thudng gip day
quin mo6t phe hoic hai pha. Cdc ddy quidn mét pha va hai pha
cing cd thé qudn thanh mot 14p hoac hai lop.

Day quéin mot pha thudng dugc chg tao vél ving pha y = 120°,
nghia la duge dat vao 2/3 s6 ranh. Khi day quidn mot pha duge
quin thanh hai 1dp bu6c ngAn thl 8& cd mot 88 ranh chi ¢ mot
canh phin ti va phai duge 14p day bAng vat ligu khong din dién.
Tﬂong trudng hop mubn chuyén ddy quén ba pha cé ving pha
y = 60° (thi du day
quidn trén hinh 9.29
thanh day qudn mét pha
cd thé n6i cdc ddu X va
Z v&i nhau la chuyén hai
pha A va C thanh day
quidn mbt pha, cd ving
pha y = 120% cdn pha B
thl bd khong st dung.

Day qudn hai pha
khdc vdi diy quin ba
pha & ché chi co hai day
quédn dat léch nhau gdc

dign b?ng 96" Hinh‘ Hinh 9-29. Diy quin hai pha hai ldp
B-29 trinh bay mot thi Vil Z=%2p=2q=28=34

A
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du v& day qufin hai pha hai l8p v6i Z = 16, 2p = 4, q = 2; 3y =
3,8 =34 d day vi gdc dién giita hai ranh canh nhau a = 45°
nén hai déay quén phai dat cach hai budc ranh (dau pha A di vio
- ranh I thi ¢Au pha B phai di vao r&nh 3). Cdch n&i cac nhom
phiin tit eita mét pha dudi cac cuc khde nhau hoan toan gidng
nhu d& xét & trén. '

8.11. DAY QUAN CO q PHAN SO

Trong cdc may dién tdc do thép, nhidu cue, thi du nhu, trong
cac may phat disén tuabin nude, sd ranh ciia mdi pha dudi mot
‘cwe q khong the 16n, vl néu q 19n thi s6 ranh Z sé rt nhiduy,
khién lugng ch&t cdch dién clha dAy qu&n tang, lam cho kich
thudc va trong lugng clia mdy tang. Nhung n&u q nhé thi tit
trudng sdng bac cao nhét la sdng rang £&& manh hon. Két qua la
dang sdng s.d.d khong duge chi thign d& cé dang ghn hinh sin.
D& ¢rdnh tinh trang dd ngudi ta dﬁng day qufin cd q 12 phan sb:
q=>5 +§. DAy quén cé q phén sf ¢d thé quin thanh mét lop
hoéc hai 16p va cing cd thé theo kifu qu&n x&p ho#c quin song.
O day day quén sdng duge dﬁng nhidu hon do tigt kiém dugc day
ddng 4 phin dau ndi.

Ta hdy xét ddy quén hai lép cd cde s lidu: Z = 15, 2p = 4,
m = 3. 86 ranh cia mdt pha dudi mét cyc:

Z 15 5 1
q = oem— D e LD e—— —3 I—
2mp 2x3x2 4 4
- Gde gilta hai rAnh lién ti&p:
pr360 :
a= = 48°

D& cd thé hifu va thiét lap 36 dd ndi day ta bAt dAu nghién
cdu tir hinh sao 5.d.d. V& @ = 40° ta c6 hinh sao s.d.d. ung véi
15 phan t& nhu trén hinh 9-30a. Phan khu vyc theo ving pha
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Hinh 8-30, Hihh sap sdd. phin td {a) vA cde vécts sdd. phin td ding fri
cla cdc pha {b) cua diy quin ba pha hal Idp vOi 2 = 15, 2p = 4 q = Ly

y = 60° ta thdy méi pha cd nam vecty ¥ng v6i naAm phin ti, thi
dy pha A c6 cée vecto 1,2,5,9,13. Vi ¢ nam phAn tit- phan bs
dudi bén cuc nén sé cd ba phln tit ndm dudi ba cuc va hai phan
td con lai ndm dusi cyc thda tu.

So db khai tri€n (d6i v6i mét pha) cla d4dy quin q phéan s6
dd duge trinh bay trén hinh 9-31. O day day quén duge quén véi

buge ngén § =— =——8- = (0.8

Tu hinh sac sd.d trén hinh 9-30a ta cd thé xem nhu 15 phian
tit cia diy quin ddu nam du6i mot 46l cyc (vi mdt hinh sao s.d.d
ing vdi mot doi cuc). Nhu vAy s68 phin ti hodc ranh ding tri cua
mdt pha dudi mot cuc q’ = 5 (hinh 9-30b). Vi viing pha y = 60° nén

60°
goc léch ddng tri giita hai ph3n t& cach nhau la ¢' =— = 12°

.

q
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b 3

a) b)

Minh 9-3v. Day quiin x&p (a) va dy quén 899 (b} ba pha hai Mp voi
Z=152=4q=1%
va tit cAc biu thdc (10-10) va (10-14) ta théy hé s6 quan rdi k,
clia cde séng didu hda 88 nhd di rdt nhidu, k6t qua 1A cd thé cAi
thidn duge deng sdng s.dd.

9.12. DAY QUAN NGAN MACH KIEU LONG 84C
Day qufn ngaAn mach ki€u 1dng séc dugc tao thanh bdi céce
thanh didn bing ddng d4t trong ranh, hai ddu han véi hai vong

ngédn mach cing bAng ddng. C4c thanh ddn vA vong ngdn mach
ndi trén cing cd th€ duge dic bing nhom.

: 2n
S.d.d. cia c4c thanh din k€ tiép léch pha mét goc « =—Ef va

cd thé bi&u thi thanh hinh sao s.d.d. 6 Z/t vecto, trong dé t 1A
udc sé chung 1dn nhit cda 2 va p. O trudng hop day quén ldng

sé¢ mdi vects s.d.d. éng v&i mot pha va nhu vay s6 pha m = ry
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va n&u cd t_hinh sac s.d.d.
tring nhau thi méi pha co
t thanh ddn ghép song
song. Trén thye t&, lic tinh
toan d€ don gian, thudng
xem nhu méi thanh dén
ung voi mot pha va nhu
vy m = Z, s6 vang day
cia mdt pha w = 2 va cdc
hé s6 bufc ngdn, hé s
quén rai d6i vdi tdt ch cdc
song ditu hta k, = k, = 1.

Sc 4d mach-dién cia
d4y quin lang sdc nhu trén
hinh 9-32a, trong 46 r, -
dién trd thanh dén va r, -
dién trd cua titng doan

aj
losr  Doa Ly Ly,
o 7 2z E I
r I]H t[ﬂ ’IM
b -- -1l ———

by Da by Ly

Minh 9-32. 50 dB mach dién thyc (a)
va tudng dudng (b) cua Bng séc _

gita hai thanh din cia vong ngdn mach. D€ xem day quén m
pha dfiu hinh sao va bi n6i ngdn mach, ta thay th§-mach disn
thuc ndi trén biing mach dién tuagng duong (hinh 9-32b) dud trén
ca s& tén hao trén dién trd cta hai mach dién dd phai bang nhau.

D6t voi mot nit bat ky, thi du ndt 2, ta ed:

L = L3

T -R'IZ

Do dong dién trong cdc doan cda vdong ngén mach cing léch
pha nhau gdéc a nhu trén hinh 9-33, nén:

-~ II
vi [ = —m»—

2sin —p—n—
Y/

I, = 2L, s S _ 9L sin 22
= Sl ——— = , 81 ——
2 YU 2

(9-18)

9-19

Vi t8n hao trén didn trd cida mach dién thyc va mach di¢n

177



thay thé ctia day quin phai bing nhau,

. ‘nghia la:

© . Z@r, + 220k, = 20 . _
. : ' Lisa Tuz
nén k&t hop véi (9-19) suy ra duge dién

" trd méi pha cia day quén:

Ty

ER

2sin? —E
Z

9.13. CACH THUC HIEN DAY QUAN
MAY DIEN XOAY CHIRU

Diy quin mdy didn xoay chidu duge

(8-20)

Hinh 9-33 Quan hé gida

dong didn trong thanh din

va dong dién trong doan
vong ngén mach

" _dat trong cdc rdnh trén stato hodc réto.
Cdc réinh ndy cé thé cé midng ranh nia kin, nita hd via ho nhu

trinh bay trén hinh 9- 34,

I

Minh 9.34. Ranh nda kin (a),
r&nh nda hd (b) va rénh hd
cla miy didn xoay chidu.

' ving ddy qua miéng ranh.

Ranh ntta kin thudng dung cho
day quéin stato cia mdy cong suft
t6i 100 kW va dién 4p d&€n 650 V.
Cach dién rénh thudng day khoang
0,35 + 0,65 mm va gbm ba ldp (hai
14p bla cach dién, giita c¢d mot 14p
mang bdng chat téng hgp). Trong
trudng hgp nay, day quin gdm nhing
phan tit nhidu vong day tiét dién tron
vai duang kinh 2,2 + 2,5 ma. Khi
Ibng day phai cho tiing mét hoic hai

Ra&nh nita hé thudng dilng che cac may cd céng suft 16n dén
300 + 400 AW & t6c do 1500 vgiph va d&n 650 V. O truang hop
nay bdi day (hay phan ti) duge chia lam hai nia bdi theo chidu
réng cia ranh; cdc nita béi dé gdm nhidu vong day tist dién chi
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nhit qudn theo khuén dinh hinh. Cac nia b8i day dugc boc vai
va khi 1dng dAy thi cho cA niéa bfi qua miéng ranh.

Ranh hd thudng ding d6i vdi cdc mAy cong suft ldn, dién ap
cao. Trong truding hop nay day quén duge ché tao tir day din tjst
dién chit nhat va cdc bbi day duge cdch dién trusc khi dat vao
re'mh._ '

" 8au khi I5ng day vao rinh, miéng ranh dugc ném kin bang céc
thanh ném bing vat liéu cdch didn nhu tre, g§ da duge xt ly
g&tindc, textolit... vA nhu vAy canh tdc dung cia b6i day duge ép
chat & trong rinh.

Né&u day quin duge dat d roto thi
ph2n d3u ndi cda nd duge dai chat
bAng day thép, d€ tranh bj tung ra
do luc ly tam khi roto quay. O céc
méy dién cong sudt 16n, d€ tranh
cde lyc dign til rAt manh lic x4y ra
ngin mach 1lam héng phin diu néi
Winh 9.35. C§ dinh phan aby 44y quén stato, b phén nay duac

n6i cia diy quin stato bude chat vao cdc vong thép cd
L véng thép; 2. vanh ép thép  bulong bAt vao than may nhu trén

stato: 3. buldng hinh 9-35.

Cdu héi

1. Quy lu#ét nbi cic phldn & cia day quin x&p va sdng cd
nhitng di€m nado khac nhau. Quan hé giita s§ d6i mach nhdnh cia
ching nhuv the nao ?

2. N&u mét may 4 cuc day quén x&p don dfi thanh séng don
ma s§ thanh ddn va nhing didu kién khée khong thay ddi thi
dién dp va déng dién cia mdy sau khi ddi s& nhu th& nao ? Cong
sufit dinh mudc cta mAay ¢d thay déi khong ?

3. Tai sao trong gian ¢b khai trién cua day qué&n khi vi tri
chdi than trung vdi truc cyc t¥ thi s.d.d. 14y ra 1én nhat ? Tai
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- gsao day quéin bude ngdn hay bude dai d8u lam cho s.d.d. nho di

- mot it ?

4. S8y khdc nhau chinh gita diy quén xép don va x&p phic
tap, séng don vaA sdng phic tap nhu thé& nic 7

5. Day can bang dién thé dung d& 1am gi ? Tac dung cia day
cAn bang dién thé& loai 1 va loai 2 khdc nhau nhu thé nao ?

6. Nguyén téc quin day cia didy quin ba pha mét lép va hai
lop vai g 88 nguyén ? Khi ghép song song cdc nhénh cda mét pha
thl dam bdo nhitng didu kién gl ?

7. Nguyén tAc qudn day cua day qu&n ba pha hai lop véi g
phan 86 ? Y nghia ciita day quén nay d6i voi viéc cai thign dang

. song s.d.d cia day quédn stato. Pham vi ding dung cta né.

8. V1 sao day quén mét pha chi dat trong 3 s ranh cia cdc
eye. -

- (8o sdnh qua cacthidu khiZ = 36;q = % p = 2va khi Z =

36, q =86, p=2)

' Baiyp
1. Mot day qudn xép don quéin phai, cd cdc s6 liéu sau: § =

=24, p=3,u=1,cd ldp 1/3 tdng s6 day can bing dién th&. Vs

+  gian dd khai tri€n day quin.

' 2. Mdt may phat dién kich thich ngoai, cong sufit 10 kW, dién
dp dinh muc la 6 V, s 461 cuc p = 2. Héi néu dong dién trong
mébi mach nhanh khong duge vugt qua 300 A thi phai s dung
day quén loai gl ?

_ Dip s6: Diy quin x&p phitc véi m = : hay
: song phiic vdi m = 1.
3. M6t day quin song don quédn trai cd s6 litu sau: Z, = 19,
- p = 2. Héi:
E' a) Cdc bude day quéin Y, ¥ ¥y VA ¥5.
b) V& gian db khai trién. '
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¢) V& hinh tia va da gidc s.d.d.
.d) 86 d46i mach nhdnh.
Dsp sd: a)yl—S V2= 5y =yg = 10.
b)a =
4.°Mot may dién mot chidu v6i 8 = G =2, = 16, p = 2.
Héi néu chon m < 2+#hi cd thé quéin theo Ioai day quéin ndo ?
Lic d¢ tim: :
a} Cdc budc diy y,, ¥, y va a6 mach nhédnh;
b} Ty sé dién 4p va ddong dién dinh mdc cla cdc loai dAy quén
dg.
Dap sd: Xép don hoac xép kép:
Ay =4y, = 1hotc 2 y = 3
hodc 2, a = 2 hosc 4.
b) Ty s6 dien 4p bing 2, dOng ditn-
bang 172.
5, DAy quén ba pha cliia may dién xoany chidu ¢ cac 88 lidu
au: : Z =24, 2p = 2; q = 4. V& gian db khai trifn khi:
a) day quén dbng tdm ba mat;
b) day quéin dbong khuén don gidn;
c) day quin ddng khuén phan tan.

6. Vé gian db khai tri€n cua day quén x&p ba pha hai ldp vai
cac &8 litu sau: Z = 36; 2p = 4; 8 = 7/9. )

7. V& gidn dd khai tri€n cta day qufin sdng ba pha hai l6p vai
cae s6 liéu sau : Z = 36; 2p = 4,

8. Ve gidn db khai tri€n cia d&y quéin x&p ba pha hai 16p véi
cac s6 liéu sau: Z = 15; 2p = 2,
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Chuong 10

sUC DIEN DONG CUA DAY QUAN
PHAN UNG MAY DIEN QUAY

10.1, S.p.b CAM UNG TRONG DAY
QUAN MAY DIEN MOT CHIRU

Cho dong dién kich thich vao dAy quén kich thich thi trong
khe hd s& ginh ra tir thong. Khi phan dng quay vai mot tde do
nhét djnh nao dd thi trong day qudn sé cAm Ung mét s.d.d. Sdd
ds phy thudc vaoe tit théng dudi mbi cuc ti, tde 46 cla may, sd
thanh d3n cda day quén va kifu day quén.

Vi day quén gdm cd 2a mach nhanb ghép song song nén s.d.d
cia day qufin bAng s.d.d cam ng trén mot mach nhdanh, nghia 1a
bing tdng s.d.d cla céc thanh ddn n6i ti€p trong mach nhanh do.

S.d4.d trung binh cdm dng trong thanh din ¢ chizu dai téc
dung 1, chuyén dong trong tit trudng véi tdc 9o v bang:
e, = Bylv (10-1)
trong d6 B,, 1a tit cAm trung binh trong khe hé.

#Dn n Dy
Do t6c dd quay v = =2rp — va B, =—
7 60 7l

60
trong dd:
D - dudng kinh ngoai phan dng,
7 - budce cuc; ’
p - &6 dai cyc;
n - tdc 46 quay phan dng,
@, - tit thong khe hd dudi mdi cue tir.
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Thé& vao quan hé (10- 1), 1a co:

2 r
s = 2P%

(10-2)

Goi N 1a tdng s6 thanh din ciia dAy quén thl méi mach nhdnh
song song sé ¢6 -— thanh din ndi tiép nhau va nhu vay s.d.d cia

2a
mdy bidng:

N pN

Eu =—— B = —-—-tl’an = C (I)all . v (10-3)

2a 60a
trong ddg:

- ®, - tinh bang Wb ; n - tinh bang vg/ph.

+

C :L - hé s6 phy thudc vao kst cfu cta méy va day quén.

¢ 60a

cwa £yl

f
imma

M-—-

cfuéu

k

8 B51s
b

.F.__z__ﬂ'-

Hinh 10-1, X4c dinh sd.d. phan
dng va mbmen dign tU trong
méy phét dién méat chibu

Chi2u cla E, phu thudc vaoc
chidu &4 va n va dudc xde dinh
thec quy udc ban tay phai (hinh
10-1).

Su phan tich trén dya trén gia
thiét day qudn buéc du, s.d.d trén
cdc thanh ddn cia phan td ddu
cdng sé hoc vai nhau. N&u la
budc ngdn thi sd.d cha cac thanh
ddn cia mét phlin td sé codng
vectd nén s.d.d cla cd phin ti& sé
nhd hon so vé&i phin tu buée da
va nhu vay s.d.d phin dng cling
nhé di mét it. Nhung vi trong
may dién mot chitu khdng cho
phép budc ngdn 16n nén Anh
hudng it, thudng la khéng xét
dén khi tinh s.d.d.
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10.2. SUC DIEN DONG CUA DAY QUAN
MAY DIEN XOAY CHIRU

D& cho cdc may dién xoay chigu lam viéc duge tst, sidc dién
dong (vi€t tat 1a s.d.d.) cdm dng trong cde day quédn phai cd dang
hinh sin va muén nhy vdy thl tit truong doc khe hd cda mdy
cing. phai phan b6 hirh sin. Nhung trén thyc t& do nhiing nguyén
nhén v& cfu tao, tif trudng cla cue tif hode cua cdc diy quén déu
khéc sin va cd th€ phan tich thanh sdng co ban va cdc séng bac
cac. Thi du trén hinh 10-2 cho thdy, dudng phand bd tit cAm B
cia cyc tit ¢ thé phan tich thanh cic sdng ti cAdm hinh sin B,

T

B, Bs.., trong dé B, ¢d bube cue v ¢on B, o6 bude cye 1, =—.
v

Khi cé chuyfn déng tuang ddi gitta 1 trudng cla cyc va day
quén thi tvong dng véi B, B,, B, trong ddy quéin sé cadm ing
duge cdc s.d.d. hinh sin e, €, e Do tan s6 cia cédc s.d.d. nay
khéc nhau nén s.dd. téng trong day quén sé cd dang khong hinh
ein. \

Trong muyc nay ta sé
xét tri s8 cua cac s.d.d.
ndi trén va nghidn ciu
phuong phap lam triet
tidu hoac gidm cdc s.d.d.
bac cao d€ cai thién
dang sdéng cua s.d.d.
téng, khi&n nd gin giSng
dang hinh sin.

DE co dude tri s

s.d.d. cia day qudn méy
didn xoay chigu ta s& lan

. . Iugt xét s.d.d. do tiu

Minh 10-2, Sy phin b4 tl cdm cla U trudng
oc 10 cGa may didn dbng b cyc 1B doc trudng co ban (bac 1) va
' b¥ miit stato. cidc s.d.d. do tit truéing
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bac cao, sau d¢ suy ra trj sd cia s.d.d. t8ng clia day quén.

10.2.1. S.d4.d. cua ddy quén do tir truéng co bén

1. S.d.d. eia m§t thanh dén

Khi cd chuyén dong tuong d6i véi t6c d6 v giila tir trudng co
ban phan b6 hinh sin doc khe hd B, = Bysin x v6i thanh déin cd

chiBu dai 1 nhv trén hinh 10-3 thi trong thanh d4n sé cAm ung
duge s.d.d:

F
&y = val = B _vlsin — x
- T

8l

Vi t8c d¢ gdc w = 2nf 8,| 8
va tit thong dng vdi mot 0 v /
budc cyc bing: IR/, V4 . T

2 ]
d = — Bmlr
4

nén:

ey = nfdPsinwt Hink 10-3. Chuy&n dbng tudng d&i cua

va trj s6 hidu dung cua tharh diin trong 1d trudng hnh sin

sd.d dd bang:

E, = % 0 = 2,220f - (10-4)

2. 8.d.d. cia mot vong déy va s.d.d. ciia mét béi day
(phln ti)

S.d.d. cia mot vong day gdm hai thanh din dat trong hai ranh

cdch nhau khodng y la hidu s8 hinh hoc cdc s.d.d. Iach nhau gdc
y :

7 @ cua hai thanh ddn d6. TU hinh 10-4 ta cd:
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y n

T
7 = 4,44f0k_ (10-5)
trong dd:

k, = sin > - = sinf — (10-6)
T 2 2
Thong thudng § =§ < 1, do d6 k_ duge goi 12 hé s6 budc
ngin.
: Né&u trong hai ranh ndi trén cd dat mot bsi day gdm "‘“'s vong
day thl s.d.d. cia b&i diy dd bing:
E, =444k fw.® (10-7)

Hinh 10.4. S.dd cia mft vdng diy

3. S.d.d. cia mft nhém béi day

~CxiA thd ta ¢d q b6i day néi tiép va duge dat rai trong cdc ranh
lién ti&p nhau nhu trén hink 10-4. Vi gdc léch trong tit trudng
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giita hai ranh canh nhau bang:

trong dd Z/p 1a 86 rAnh dudi
mot déi cyc nén s.d.d. cia q bdi
day cd the bifu thi duge bing q

vectd E, 1éch nhau cing mot

g6c a nhu trén hinh 10-5a. Gdc
y qa trén hinh 10-5a con
duge goi 14 ving pha che théy
rd vi trl caa g bdi dAy thube
mot pha trong tir trudng cuc
tii. DAy qufn mét pha duge
thyc hién voi vy = 60°.

S.d.d. t6ng cia nhdm béi
day Eq la téng hinh hoc cia q
vectd E, nhu trink bay & hlnh
10-5b, do dg:

trong dd:

=~

S
hY

Hinh 10-5. Nhém gq = 4 b8i diy
trong 10 trudng

la hé 88 quin rai cia day quin.

Eq = qEk, {10-9)

T

sin —

téng hinh hoc céc s.d.d. 2
= = (10-10)

t8ng 86 hoc cdc s.d.d. L«

- gqsin —
2
Thay (10-7). vato (10-9) ta duge:

Eq = 4,44 kdqu,ftb) (10-11)

trong dd:

kiq = Kok,

]la hé s8 day quén.
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4. 8.d.d. cua day quin mdt pha
DAy quin mét pha cd thé ghm mot hodc nhiBu nhinh déng
nh4t ghép song song, do dd s.d.d. cia m{t pha 1 s.d.d. ctia mft
nhdnh song song. Vi méi nhdanh thudng gdm n nhém bfi day cé
vi tri gidng nhau trong tir trudng cua cdc cuc tit nén s.d.d. cda
ching cc thé cong s hoc vdi nhau va ta cd: .
Ef = 4,44 k; nqw f® = 1,44k, wid (10-12)

trong d6 w = nqw, la 56 vong day cia mét nhdnh song song.

Hinh 10-8. S.3.4. cia nhém q = 4 bdi diy

10.2.2. S.d.d. cla diy quén do tir trudng bic cao

Bi#u thdc s.d.d. ctia day quén do tit trudng béc cao cling cd
dang tuong ty nhu bifu thdc s.d.d. do tit trudng co ban. Tuy
nhién ta cn chi ¥ rdng budc cdc clia til trudng bac v nhd + [An
g0 vdi budc cyc ctia tir trudng co ban ¢hinh 10-2), vi vy gdc dién
27 ¢lda ti trudng co ban sd \ng v6i gdc 2vr d6i véi ti trudng bac
v, do dé & day cAc hé s6 bube ngdn vi hé s6 quén rai bAng:

4

k., = simp rY (10-13)
. Qe
piny —
2
k, s=/——n— (10-14)
a
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Hé s8 day quéin dfi véi Lt trudng béc cac &€ la:
kgg = k k., _ (10-15)
Ngoai ra khi day quén chuy&n d6ng véi tdc do v trong ti
trudng bac v thi s.d.d. cdm Ung trong ddy quén sé ¢ tdn s £, = +f.
Két qua 1a s.d.d. cha day quédn do ti truong bac cao sé& la:

B, = 4,44k, wi,®, (10-186)
trong do: 5 5
d)v =-; Bmvlfy = ;;— Bmvh

Cing cin nhdn manh rdng né€u téc d§ tuong déi gita tit
trudng bac v va day quéin 13 v/v thl tAn s6 cda s.d.d. do tir trudng
do 1a f. = f. DJ 1a trudng hop cia tir trudng bac v chuy€n déng
vai t6c dd v/v so v&i dAy quén va sinh ra béi dong dién xoay
chidu m pha, tin s6 f chay trong diy qu&n m pha ma ta & xét
d&n 3 muc 10.3.

T nhitng k&t qua phan tich trén day ta thdy rang, khi ti
trudng cua cuc tif phan bd khong hinh sin, s.d.d. cAm dng trong
day quin mot pha la tSng cha mot day cic s.d.d. didu hoa ¢ thn
86 khac nhau. Tri s6 higu dung cua s.d.d. téng cd tri s&:

E=vVE +E{+E;+ .+E.+ (10-17)

10.3. CAI THIEN DANG SONG S.D.D

Nhu da trinh bay & trén, nguyén nhan khién cho dang song .
s.d.d. khong hinh sin 1a do su phan bS cda tit trudng khéc hinh
sin, vl vAy d& cai thién dang sdng s.d.d. trude hét cin phéi tao ra
duge tif trudng hinh sin. Mudn vy, mét cyc tif phai cd mot dd
cong nhit dinh khi&n cho khe hd nhd nhét o gitta mat cuc va
ting dan khi ra t6i cdc mdém cuc nhu trén hinh 10-2. Né&u goi &
12 khe hé nhé nh&t & gita mat cyc thl khe hd & vj tri cach gilta
“mét cyc khodng chch x c6 thé tinh ghn ding theo bi€u thdc sau:
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= a .
Sy =—— (10-18)

n
cos{— x)
. |
Théong thudng be rong ciia mat cuc b = (0,65 + 0,75)r nén tir
bi€u thide (10-18) ¢é th€ suy ra duge khe hd & mém cue tir &,
= (1,5 + 2,6)4.

Tuy nhién bién phdp trén vi&n chua cho duogc két qua nhu
ﬁmng muén, vi vy cin phai lam gidm hod: trigt tiéu cée s.d.4.
bac cao bang cdch dva vao cdu tao thich dang clia day quén nhu,
thyc hién day quén budc ngan, qu¥= rai day quin sao cho mdt
nhém bsi day c6 g > 1 va dat day quén trong rénh chéo. Dusi
day ta sé phan tich ti mi cdc bién phap do.

1. Rit ngdn budc day quén

Khi buéc day quén y = 1 thl t&t cd cic s.d.d. bac cao ddu tdn
tai, vl theo bi€u thic (10-10)k,, = = 1. Nhung néu rat ngén
thich ddng budc day qudn thl o6 th€ khi&n cho mot s.d.d. béc cac
tiy y triét tiéu va mudn vay thi pbai lam cho hé s6 bac ngin k
ing véi s.d.d. bufic cao dd bang khong.

ne

4
Thi dy khi 8 =— =~ nghla la budc day quén bj rat ngdn
T
/5 thi:
4 =
ks = sinboe — = 0
5 2

va Eg = 0
Cing nhu vay “f“ muén E; = 0 thi phai rmit ngédn budc day
quiin mft khodng 7 nghia 14 chon 8 = 6/7.
~ RA rang 1a bién phap rat ngin budc day quén khong thé dbng
théti lAm trigt tidu tdt cd cde 5.d.d. bdc cao, vi vy thudng ngudi
ta chon cdc bude day quén sao cho cod thé lam gidm s.d.d. dng v6i
_ céc tif trudng bic cao manh nhét, thi du nhu cde tir trudng bac 5
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1
va bac 7. Trong truting hgp dé budc day quin duge rit ngédn _7

6
va 8 = 5/6. Nhu vay:
5 = , :
an, = sin5—é 7 = §ind75" = sinl5° = 0,259

: b o . :

k,= sin?—é 5 = 5inH25° = sinl65° = 0,259
nghia 13 cdc s.d.d. bac 5 va bac 7 bi gidm khoang 4 1&n so v&i khi
day quidn cd bude di (§ = 1). Can chi y rdng khi rit ngdn budc
day quin, s.d.d. bac I cing bi giam nhung khong déng ké vi khi
dé k,, = 0,966.

Vi budc day quén chi cd thé rit ngdn dugc theo s8 budc rinh
nén tuy thec timg mday ma 8 = 0,8 + 0,86

2. Quén rai

Khi q = 1 thi theo cdc bi€u thic (10-7), (10-11) k, =
nghia 12 tét ca cdc s.d.d. bac cao d2u khong bj gidm y&u di. Néu
q > 1 thl mot sf s.d.d. bac cao bi giam nhoé do k, cia ching nhé
han k;, (hink 10-2) va né&u g cang 16n thl k, cang nhé nhidu so
véi k.

Cang tir hinh 10-2 ta th&y rdng mot s6 s.d.d. bac cao khong bi
gidm y&u di va ¢d k,, = k,,. Bac ciia cdc s.d.d. d6 cd th€ bi€u thi
theo bi€u thue. 7

v, = 2mgk * 1 (10-19)
(véik =1, 2 3,.)
trong dé m - sf pha; q - 30 rinh ciua mét pha dudi mot cuc.

VA
Vi 2mq = — nén (10-19) trd thanh:
P -
Z
v, = k—=1 . (10-20)
p
‘ Cdc séng diév hoa bdc v, duoe goi 1a cac séng didu hda rang.
86 di cdc sdng ditu hoa rang o6 k,, = k| 1a do géc léch «,, gita
céc s.d. d. clha cdc bdi day dat trong cdc ranh lién tiép do tit
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trudng bac », hoan toan bang gdéc léch a dng véi tit trudng co
ban. That vﬁy, ti (10-5) va (10-17) ta cd: :

2np 2np
a,,z=vza=(k—11)—-z—-=2nki-—-
' P

7 =2tk £ & (10-21)
Nhu vay tdc dung cGa quén rai kljbng thé triét tidu duge cac

- s.d.d. didu hdd rang. Tuy nhién khi tang q, bac cia v, ting theo

va B_ ~ nhd hon, két qud 13 s.d.d. didu hda rang cing giam di

myz
tuong dng va dang song ss.d.d. dugc chi thién mot phan nao.

C6 th€ gidm nhidu séng ditu

. 8
hda rang bing cdch dung day i
quéin cd q la phan s@.
3. Ranh chéo

Thyc hién ranh chéo nhu trinh
bay traén hinh 10-7 1A mot bién
phap cd hiéu luc d€ triét tidu csc
s.d.d. di2u hda rang. Ti hinh
10-7 ta cd thé€ thdy ngay réng ti
cam B, doc tiing thanh dén cd
trj s6 khdc nhau, do d6 téng Hinh 10-T, Truéng hop ra@nh chéo
s.d.d. dizu hoa rang cam dng met budc rang. Bvz = 0
trong thanh din bang khong. Tu -
trudng séng didu hba rang bc 1 dng v6i k = | trong bifu thuc
(10-18) la manh nh&t, nén d¢ lam tri&t tidéu anh hudng caa né
cin pbai chen budc ranh chéo:

2r 2pr
bC = 2TV1 = e =
v, Z+xp
Trén thuc t€ ngudi ta thuong chon: =
2 =D
b= -2 | (10-22)
Z Z ’

va tit ca cde s.d.d. song didu hoa dBu bi gidAm nhd di nhisu.
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Bdng 10.1. Hé 5§ qudn rdi kr cda diy quidn ba pha

cé ving pha 60°

2 3 4 5 6 »
"
1 0,966 0,080 0,860 C,867 0,957 0,985
a | oro7 0667 0,654 0,548 0644 0636
5 0259 0217 0,205 0,230 0197 0,191
7 0259 017 0158 149 0,145 0,136
s | 0707 0333 0,270 0247 0236 | -0242
M -0,008 L0177 -0.126 010 0,02 -0,087
3 | o.eee 027 " om2e 0,02 009z 0073
5 | -0707 0667 0,270 0.200 a2 0127
7 | -p2se 0,980 0,158 0,102 0084 0,056
19 0.259 0,980 0,205 0110 0084 | 0080
21 0707 0667. -0.654 0247 0,172 0,001
23 | o.0es 0217. 0,958 -0149 -0092 -0,041
25 | o,e86 o7 0,958 0,200 0,102 0,038
27 | oror 0,333 -0,654 0,646 0236 0071
29 | o259 0177 -0.205 0,957 0.145 0033
3 | -0269 0217 0158 0,057 097 -0,051
33 | -0707 0667 0.270 0646 0644 | -0058.
35 -0,886 0,980 0126 0,200 -0,9857 0027
37 |-0,88s 0,980 0126 0,149 -0,975 0026
39 | -0707 0667 0,270 -0.247 -0644 0049
4 -0.259 0217 0158 0,110 0,197 0,023
43 | o289 0177 0,205 0.02 om5 | -0022
45 | oror 0333 0654 0,200 0236 | -0042°
47 0,088 0177 0,958 02 0,102 0020
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Céu héi

1. Vi sao yéu cBu s.d.d. cia may dién xoay chigu i:héi cé dang
- hinh sin. Lam th€ nao d€ dam bdo duoe yéu chu do ?

2. Hay xdc dinh bi€u thifc s.d.d. cta day quin mét pha khi ti
trudng khong hinh sin.

3. Céc bién phdp d€ cii thién dang sdng sd.d. va higu luc cia
céc bign phap dd.

4. Khi ding rdanh chéo thi tri s s.dd. do tit trudng cu ban clia
day quin thay d8i nhu thé nao ?

Bai tép

1. Cho mét may phat dign ¢d p = 1, dubng kinh trong cia
stato D = 0,7 m, tit cdm trung binh B,,; = 0,6 7, chigu dai tinh
todn cia stato 1 = 1,3 m. Cho biét By = 0,325 By Byps =
0,158 ,,. Hay tinh céc sdd. E), E;, E; va s.dd. téng E , cia mét
thanh d&n (bé qua cdc séng bac cao hon 5).

Dap s6:
E, =476V Ey =155V, Ec =71V,
E = 50,6 V.

2. Tinh hé s8 day qufn kdq cia diy qufin hai l6p 6 q = 2;
p=2;2 =24; 8 = 5/6. Bi6t rAng mbi bdi day c6 w, = 5 vong va
s.d.d. ciia thanh din E, = 5 V. Hay tinh s.d.d. pha cia diy quén
dg. '

Dép sé: Ey = 933V

3. Cho m{t may phdt dign ba pha 6000 EW: 6300 V; 3000 vg/ph;
f = 50 Hz, cosp = 0,8; dudng kinh trong cia stato D = 0,7 m;
chibu dai stato 1 = 1,35 m; B,, = 04890 T, Z = 36; y = 13, w =
24. Hay tinh s.d.d. pha cia may.

Diap s6: E; = 4617 V.
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Chuong 11

SUC TU DONG CUA DAY QUAN
MAY DIEN XOAY CHIEU

11.1. DAI CUONG

Dong dién chay trong diy quén cia méy diin xcuy chilu sé
sinh ra tit truomg doc chu vi khe hd gilia stats v& rdte. Ty theo
tinh chit cua dong dién va loai day quéin nd tir trudng dd cd thé
l1a tit trudng dap mach hodc tU trudng quay. Muén nghién cdu
cac ti trudng cAn phai phan tich su phan b8 va tinh chéit cta cdc
sic tif dong (vigt tat 13 s.t.d.} do ddng dién chay trong ddy yudn
sinh ra. D€ viéc phan tich duge don gidn, ta gia thist rang khe
hd & gita phan tinh, phin quay la d2u va tit trd cia thép khéng
ding k&, nghia 1a pp, = =

Trong chudng nay ta sé nghién cdu s.t.d. cua ddy quin may
dién xoay chigu bang phuong phap giai tich va phuong phap db
thi. Trude khi bude vdo phan tich cy thé st.d. cia titng day quan
bing phuong phdp gidi tich, ta caAn nhdc lai cdc khai niém v
s.t.d. dap mach, s.t.d. quay vad quan hé gilia cac s.t.d. dd.

Bi€u thuc toan hoe cta s.t.d. dip mach c¢d thé vist nhu sau:

F = F_sinwtcosa (11-1)
trong dd « 14 goc khdng gian.

Trong bi€u thuc trén néu che t = const thi:

F = F_cosa = fla),
trong do F_, = F_sinwt 12 bién d¢ tic thoi ciéa s.t.d. dap mach
va ltc dd sy phan b6 cia F 12 hinh sin trong khéng gian.

Khi « = const, nghia 1a d mot vi tri ¢6 dinh bat ky, thi:
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F = F_-sinwt
trong dd F, = F_cosa va
Jtri s6 cta F & vj tri dd bién
d8i tudn hoan theo thai
gian.

Tit nhitng nhéan xét dd
ta thiy rang s.t.d. dap
mach chinh la mét sdng‘
ding va trong trudng hop
don gidn nay, s.t.d. phan b6
hinh sin trong khong gian Hinh 11-1. Std. dip mach d cae
va bi€n d6i hinh sin theo théi diém khdc ahau
thai gian (hinh 11-1).

Bi#u thd¢c toan hoc cia s.t.d. quay tron vdi bién dé khéng dai
cé dang: _
F = F sinlwt = ) (11-2)
That vay, gid thi ta xét mot didm b4t ky tdy y cta sdng s.t.d.
cd trj s6 khong d8i thi: '
sin{fwt + <} = const

hay I wt * a = const

L&y vi phan bi€u thic dd theo thoi gian, ta cd:
da
—_—= 3w (11-3
dt

Dao ham cuia a theo t § bifu thdc (11-3) chinh l1a téc d8 goc
da
quay bi€u thi bing radfs,-a— < 0 dng v6i song quay thuan [ddu
da
"-" trong bifu thic (11-2)] va T > ) ung vdi sdng quay ngugc
t

[d4u "+" trong bi€u thdc (11-2)). Hinh 11-2a va b cho thdy vi tri
cna céc séng quay thudn vA nguge & cac thii diém khac nhau.
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Hinh 11.2, Vj tl cia séng quay ngudc (a) va quay thuln
)3 thdi dém t =0 va t = T/4

. DE& th&y ré quan hé gita cdc s.t.d. dap mach va s.t.d. quay
trude hét chi ¥ rdng:

1 1
Fms:mwtcosa = ?Fmsm(wt -a) + ?Fmsm(wt + a,

{11-4a)

nghia la s.t.d. d4p mach 13 t8ng cla hai s.t.d. quay thuin va quay
nguge cung mdt tdc do gde w vai bién dj bang mat mIa bién 49
clia g.t.d. dp mach dd.

Mat khdc ti bi€u thdc lugng gide:
Fsin(wt * a) = F sinwtcosa + F coswtsing =

n
= F_sinwtcosa * F _sin(wt - ?)cos(a - ?n )} (11-4b)

ta ciing thiy rang s.t.d quay la tdng th cia hai s.t.d. dip mach
léch nhau trong khﬁng gian mot gdc E viL khdc pha nhau v& thai
gian la E
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11.2. 8.T.D. CUA DAY QUAN MOT PHA

D& nghién cdu s.t.d. cia diy quin mot pha, trudc hét ta xét
s.t.d. ciia mdt phin ti, sau dd xét s.t.d. cia diy quidn mét pha
mbt l6p gdbm cd q phin td va cudi cing s.t.d. cia day quin mot
pha hai l6p biéc ngin.

11.2.1. S.t.d. cua mét phin

Gid thd ta cd mot phidn tk gdm w, vong day, bude di (y = 7}
dat & stato clia mot may dién nhv trén hinh 11-3a. Khi trong
phin ti cd dong dien i = vZIsinwt'thl cdc dudng sdc cha ti
trudng do phan t¢ cé dong dién i sinh ra sé phdn bd nhu céc
dudng nét chdm. Thec dinh luat toan dong dién, doc theo mét
dudng sic tu khép kin bat ki ta d2u cd th& viét:

¢ Hdl = iw,
trong dé H 1A cudné d6 tif truong doc theo dudng sdc ti

Ti trd cia thép rAt nhhd (up, = o) nén Hp, = 0 va std. iw,
dugc xem nhu chi cin thi&t d€ sinh ra tit théng di qua hai l&n
khe khong khi 4:

H26 = iw,. (11-5)
Nhu vay s.t.d. ing véi mot khe khong khi bang:
1
FS =-"'2—iws (11'6}

vl dudng bi€u dién s.t.d. khe hd dubi mot budce cuc ed thé bi€u
1
thi duge bAng hinh chi nhat agbed ¢d 48 cao > iw, vA & bude cye

ti€p theo bang hinh chit nhat dega vdi quy udc & khoang cd
dudng sic ti hudng 1én trén thi F, duge bigu thi bing tung d¢
duong.

Vi i = v2Isinwt nén s.t.d. F, phan b6 doc khe hé theo dang
hinh chit nhat c6 d6 cao thay d8i v& tri s§ vi dfu theo dong dién
xoay chibu i.

198



a)

b)

Hinh 13-3. Dudng sdc tU do déng didn i trong phlln td budc dd sinh ra (a) .
vd dudng bifu thi s.td. doc khe hd coa mdy (b)

S.t.d. phan b8 hinh chit nhat trong khong gian va bifn ddi
hinh sin theo thoi gian d6 cd thé phan tich theo d&y Furi2 thanh
cdc sdéng digu hoa 1, 3, 5, 7,..., vdi glc tba do dude chon nhu &
hinh 11-3b, ta cé:

F, = F,cos a +Fc083a +.. +F,, cosva +..

= » F,cosva

v=135.. (11-7)
trong dd:
2 a2 4 .7
w =— | Fprosvade = — Fsinv — (11-8)
| T -T2 R 2 .
1. .
va F, =—2-1w5 = —zlwsamwt

Thay (11-8) vao (11-7) va k&t hgp voi (11-6), ta duge:
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F, = ¥ F_  cosvasinwt (11-9)

r=133.,
d day:
V2., o=
Femy =_wr Twsinv E =
VT Ew,
‘ = * — Iw, =%-— 09 (11-13
L va v

hs

Can ci theo (11-9) ta thdy ring s.t.d. cia mot phén tu trong
cd dong dién xoay chidu la tdng hgp clia n sdng dap mach phan
b8 hinh sin trong khéng gian va bién ddi hinh sin theo thdi gian.

11.2.2, S.t.d. cia ddy quén mét 16p budc du

Ta hay xét s.t.d. cia day quin mot lép ¢d g = 3 phan ti&, mébi
phin td cd w, vong diy mhu & hinh 11-4. 8.t.d. cda day quin d6

s

12 t8ng s.t.d. cia ba phan td phan bd hinh chit nhat va léch nhau

: 2x
gdc khong gian o =—z—p- . N&u dem phan tich ba sdng chit nhat

d6 theo cdp =6 Furié thi T i 1 R
tdng cla ba sdng chi o
nhat dé cing chinh 1A 5 1t NN
tdng t&At cA cédc sdng 4 \?nf:?
digu hoa cia chung. [ :f tLF —g E i
Dudi day ta s& cOng ' ! E :I E :
céc sdng didu hda cung il | N :
béc cha cdc s.t.d. cha l i A - :" || 'L
ba phan ti, sau d6 &y | - R b -

téng cua cée s.t.d. cua
ba phin t¥, cudi cing
14y t8ng cha cdc s.t.d.

hop thanh dng vai t4t Hinh 11-4. Std. cia didy quin mét 1dp
cd cac béc v d€ cod s.t.d. bude di o q = 3
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tdng cda day quén 44,

Vaiv = 1, ta cd ba sdng

» b ] - 3
s.,t.d. hinh sin co ban 1, 2.va £, }\
3’ léch nhau v& khong gian 37 Z 0
géc o va cd th€ bigu thj duge IT;? —i(—( !

bing ba vécta léch nhau gde
khﬁﬂg gian o nhu trén hinh Hinh 11-5. Cong s.td. cua ba phén tl'l
11-5. Téng ctia ba séng s.t.d. '
hinh sin d6 cing 12 m6t song hinh sin (dudng 4) va 1a sdng s.t.d.
¢d ban cia nhdm ba phan ti dd. Bién d¢ cda nd cd tri s bang d6
dai ciia vécto tdng cua cac vécto 1, 2 va 3 trén hinh 11-5. Gidng
nhu bigu thdce (10-9) ddi véi s.d.d. tdng clia nhdm phain ti ta cd
s.t.d. co ban cia nhdém phln ti:

Fq = qk, F,, (11-11)
‘rong dd k; 12 hé s6 quén rai xdc dinh theo (10-10).

V&t sdng bac v thi gdc lech gita cac song s.t.d. bac v 1a va va

véeto s.t.d. t8ng bac v cd bign do:

Fy = ak,Fg, (11-12)

trong d¢ k., 1& hé s6 xdc dinh theo (10-14).

Nhu vay s.t.d. clia day qudn moét 1dp bude di ed th& bigu thi
nhu sau:
I“q f=zl‘3.s.qumkacosvasinwt (11-13)
11.2.3. S.t.d cua diy quén mdt pha hai 16p butc ngén

S.t.d. cia day qufin hai lép bude ngdn cd th€ dude xem nhu
t8ng s.t.d. cia hai diy quiin m6t lép bude du, moét dat & 14p trén
va mot dat & 16p dudi nhung léch nhau goc dién y nhu trén hinh
11-6. v

béi vdi séng co ban (v = 1} gdc léch y = (1 - fix, trong dé
8 == va theo hinh 11-7 thi:

T

201



x
Fy; = 2F cos(l - §) 3 = 2F 1k (11-14)
trong dd: ‘
= cos(l - ﬁ)i = sinf z
Ky p p
Cing nhu vAy d6i-vii séng bac v:

i 4
F, = 2F ; cosv(l - B) > = 2qukm, - (11-15)

v

vii:

K

comv(1 - ,B)i;- = sinvp

Hinh 11-8. Std cd ban (v = 1) cia diy quin mdt pha hai |dp budc ngidn

K&t qua la s.t.d. cia day quin mot pha hai 16p buée ngin c6
th€ bifu thj duéi dang:

F; = I 2qk_k,F.  cosvasinwt (11-16)
» =135,
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Thay tri s6 cia F_, theo (11-10) va chd ¥ ridng trong day
quin hai 16p s6 vong day clia mét pha w = 2pqw, thl bidu thic
(11-16) c6 th€ vigt:

F,=3F cosvasmout k (11-17)
v =1,
trong dd:
2vZ wk wk
Fp =—— —2L ] = 09 —4 T (11-18)
4 ¥p vp

Tt nhitng bi€u thdc
{11-13), (11-17) ta thdy réng, .
s.t.d. cda ddy quin mot pha el
(mdt 1p hoac hai 1op) 1a tdng ma
hgp cia mot diy cac sdng dap (-f)1 ar
mach, nghia |3 phan b8 hinh
sin trong khong gian va bién jinn 11.7. Cong sdd oo ban (v = 1)
d4i hinh sin theo thai gian cia hai idp day qufn mdt
véi thn s6 cta ddng dién chay - pha trén hinh 36
trong dAy quin d4d.

11.3. S.,T.D. CUA DAY QUAN BA PHA

Gi4 thi cho day qudn ba pha dat léch nhau vé khong gian goc
dién 27/3 trong ¢d dong dién ba pha dfi xdng:
i, = vVZIsinwt

2n
ig = YZ2lsin(wt - — ) {(11-1%
3

. i 4
ic = VZIsin(wt - 5 ) <

Ta hay nghién ciu tinh chdt va biu thdc cla s.t.d. cia day
quin ba pha dd.

Nhy da bigt, theo (11-17), s.t.d. cia day qudn mébi pha 13 mot
s.t.d. dap mach va cé thé€ biu thi nhu sau:
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F, = ¥ F,sinwtcosva
v=135.

F, = S Fsint - 2 eosla - — )
sm - —08Y - —_— -
b g 3 Y (11-20)

An T

= Z m{wt - — ) cosviag - — )
r=13 3 3

Dé co s.t.d. clia ddy quéin ba pha ta lfy tong cda ba s.t.d. dap
mach d¢. Muén cho s« phan tich duge d& dang, dua theo cong
thie (11-4a} cd th€ phén st.d. bic v cla mdi pha thanh haj s.t.d.
quay thuan va nguge va nhu vay s.t.d. tdng cia day quén ba pha
58 12 tOng cha tdt ca s.t.d. quay thuan va cdc s.t.d. quay nguge
dd. Ta co:

Fu

. = Fn,smwtcosva

il

Ffv Ffv
-E- sinlwt - va) + —2— gin(wt + va)

2x 2n
y = Fgsinfwt - —Jcosvia - —)
3 3

]
w
I

— [y

gin[(wt - — } - via - —I]
3 3

{11-21)
. 2n 27

+— sin[lwt - —) + via - ~— )]
2 3 3

4t
Fsinfwt - —) cos(a - —)
3 3

v
0o
i

v

i in[(wt ) ! ;]
—_— - —_— ) - ¥ o —
smilw ked

4+

Fe, 4x 4x
~— ginflwt - —} + via - —)]
3 3 3
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trong 46 v = 1,3,5,.. ¢é th€ chia thanh ba nhdm:
1) v = mk = 3k (v6i k = 1,3,5,... thi v = 3,9,15..)
2yv =2mk + 1 =6k + 14{vdi k = 0,1,2...
| thiv = 1,7,18.) (11-22)
Nv=2mk-1=6k-1wik=123.
thi v =511,17...)

Tru6c hét ta hay xét tong cla cdc s.t.d quay thuan, tde la
t8ng cac s6 hang thad nh&t & v& phai cua céc biu thde (11-21).
Céac s.t.d. quay thusin d¢ cd th€ viét nhu sau:

Fe,

FAﬂ = _?Sin(wt - va}
P et - v + 00 - 1) 2,
2 3
Ffv
Fon =73 - vla- goh (11-23)
Ffv

— sin [{wt - va) + 1¥ - 1) —]
2 8

F =L s [{wt ) ( )]
——Sin - —) - - —
Cwt 1 w vix

F, 2z
= — gin [(wt - va) + 2(» - 1) —]
2 3"

Téng cia ching la tdng cua nhitng séng quay hinh sin iach
nhau gde (v - 1) 2x/3, trong dé v cd tri s6 x4c dinh theo cdc biéu
thie (11-22).

Véi nhém v = 3k, ta co: .

2n 2 2n
v-1)—=@ k-1 — =2tk - —
3 3 3

v thay tri s8 dd vao cdc bifu thide (11-23) ta thdy, véi mbi tri s6
cia k, ba s.t.d. dd 12 nhing séng hinh sin quay véi cing téc 4o
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va léch nhau gde 27/3 (hinh 11-8:;), do d6 tdng cia ching bing
khong.

Vdi nhém v = 6k + 1, ta c6:
2n : 27

va cdc s.t.d. theo (11-23) tuong dng v6i mbi trj s6 cua k 2
nhiing s.t.d. quay thuédn tring pha nhau (hinh 11-8b), do dd téng
ctia chang bang:
3
F, = — F,, sin(wt - va) (11-24)
wth v=6¥+1 g o f “ :
V_Ginho’mv =6k- 1, ta cd :
2x _ 2n 4x
w-1)—=[6k- 1)-1] — = 42k - —
3 3 3
va cdc s.it.d. theo (11-23) tuong dng voi mdi tri 88 cua k la nhiing

4
s.t.d. quay v6i cing t6c df va léech nhau gdc ry (hinh 11-8c}, do dd

.t6ng cua ching bang khong.

Tuong tu nhu vdy, xét tdng cla cac s.t.d. quay nguge, tic 1a
t8ng cua cdc s6 hang thi hai & v& phai cha cdc bi€u thie (11-21),
ta sé th&y t8ng cla céde s.t.d. cd v = 6k vav = 6k + 1 bidng
khong. Rieéng nhdm s.t.d. dng vdiv = 6k - 1 trung pha nhau nén
t8ng ciia chang la:

3 .
Fpe= 2 2 Fe, sinfwt + va) 111-25)
v=ok-1

Nhuy vay s.t.d. cia day quén ba phﬁ, tdng ciia cac séng quay
thudn va ngugce theo (11-21) cho bdi cac biéu thie (11-24),
(11-25) o6 thé vist gop lai nhu sau:

3
F(S) =% 2 Fy, sinfwt + va) (11-26)
v=6kx1

206



trong dd theo (11-18):

3
— Fy, = 1 (11-27)
2 x vp vpo M
Ezrt
120"
'%vf
Q) b) Q)

Hinh 11-8. Cdng cdc std. quay thuin béic v cla céc pha

Tiu d6 ta ¢d thé€ k&t ludn réing, s.t.d. cia dAy quén ba pha la
téng cla c4c s.t.d. bac v = 6k + 1 quay thu4n va csc s.td. béc
= 6k - 1 gquay ngugc. Bién d6 cha s.t.d. quay béc v bang 3/2
- 1an bién dff cia s.t.d. mét pha bac v. Toc 49 gdc cia s.t.d. quay
bac v A w, = wiv, hay la:
n, =—:— ' (11-28)

60f
trong do: n = —
p

11.4. S.T.D. CUA DAY QUAN HAI PHA

. Né&u trong déy quén hai pha (m = 2) dat léch nhau trong
khong gian gde dign n/2 c6 ddng dién hai pha léch nhau v& thai
gian gdc x/2 thi cling phan tich nhu déi vdi trudng hop d&y quén
ba. pha, ta s& di d&n ké&t ludn sau:

F(2} = 3 Fpsin{wt * va) (11-29)
v=dkx1
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) wko,
trong dd: F, =09 91 (11-3m
vp
nghia 1a s.t.d. cua day quéin hai pha 12 t8ng cta cdc s.t.d. bac
v = 2mk + 1 = 4k + I, quay thudn va cic std bacy = 2mk-1 =
4k - 1 quay ngudc. Bién d¢ cia s.t.d. quay bac v bang bién d6

n
cua 's.t.d. mft pha bdc v, tdc do quay cla st.d bicvia n, =—.
v
11.5. PHAN TiCH S.T.D. CUA DAY QUAN
BANG PHUONG PHAP PO THI

O trén ta da nghién cdu s.t.d. cia day qudn bang phuang phap
giai tich va di dén k&t luan rdng dong dién ba pha (hoac hai pha)
chay trong day qufin ba pha (hoac hai pha} s& tao ra s.d.d. quay.
O day ta sé dang phuong phép d¢ thi d€ ching minh digu do. De
don gidn trudc hét ta hady xét s.t.d. sinh ra bdi dong dién ba
pha i,, i, i chay trong day qudn bapha A - X B-Y, C- Z, co
q =1, p = 1 nhy trén hinh 11-9 & cdc thsi difm khdc nhau.

Gia thi ¢ thoi di€m t = 0, dong dién pha A la cye dai:

g =+ I
. . s s m
con: ig = i¢ >
va gid thd dong dién & pha A ¢ chitu t¥ X dén A con § cdc pha
B va C cd chifu tt B dén Y va € d&n Z nhu ky hiéu trén hinh
11-9.

Céc s.t.d. F,,"Fp va F- ¢d tri s6 ty 18 véi cong dién chay trong
cdc pha d6 phan bd doc hai cyc nhu trinh bay bing cdc duing
bifu din 1, 2, 3 trén hinh 4-9a. Cong cac tung do clia ba dudng
biéu dién dd & tirng di€m ta s& duge s.d.d. tng cua day qudn ba
pha nhu dudng 4. Ta thdy rdng tri 36 cuc dai ctia s.t.d. tfng
tring v4i truc cia pha A 12 pha ¢d dong dién cuc dai d thoi di€m
t =0
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O thai difm t = T/3 thi:

iB= Im
. . In
con: 1A=;C=__2_

Lap lai cdch vé trén ta cd cdc dudng bi€u dién s.t.d. cla ting
pha va s.t.d. tong nhu trén hinh 11-9b, '

Ta thdy rang khi dong dién bi€n d8i mot phan ba chu ky T/3
thi s.t.d. tdng cta day quén ba pha cing xé dich trong khéng gian
khoang cédch 2r/3 va tri s6 cuc dai cia s.t.d. tdng dJ trung véi truc
cua pha B la pha cd dong dién cuc dai & thoi diém t = T/3.

Tit nhitng két qua phin tich & trén ta cd thé di d6n nhiing két
ludn sau day:

1. S.i.d. cie day qudn ba pha la s.td. quay.

Khi dong dién bién d6i duge mot chu ky T thi s.t.d. d6 quay

Minh 11.9. Std cua diy qun ba pha cé q =  2p = 2
d chc thei difm t =0 vat = T/3
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duge 2t trong khong gian. N&u may cd p déi cuc thi s.t.d. dd
quay dugc 1/p vbng. Vay tdc dd quay cda st.d. I

£ 60f
n = — {vg/s] =—— {vg/ph}
P ' P

2. Truc ctia s.t.d. tdng lubn tring vdi tryc ctia pha cé dong
dién cyc dai

bZ o phuUng phap téng quét, vé duding phan b8 s.t.d. tdng
cua day quén khi q # 1, ta nhan xét réng, tri 86 cha s.t.d. tang
ty 1¢ v6i phy'tai dudng A doc chu vi khe hd. Do dAy quén chi dat
tap trung trong cac ranh nén s.td. khong thay d6i § khoang giita
cdc rdnh (trong khoAng d¢ dudng phan b6 s.t.d. song song vdi
truc ngang) ma chi thay ¢6i & vi tr{ cia réinh, ty 1& v3i t8ng dai

A AL ¢ )18 B1A Al ¢ B 8
+f +F [ode <Wa -l lal-1 -1 [-l8 -lalele Vs
ATc c]8 B84 AJE c|8 &4
I RAV AR RS AL

Hinh 11-10 Thidt iap dudng phin b8 std coa cdy quén ba pha blng
phudng phép dd thi
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86 cac dong dién trong ranh dg (tung dé cia dudng phéan b s.t.d.
sé tang (hoac giam) mét doan ty 1& véi t8ng dai s§ cdac dong dién .
d¢). Truc ngang cin dudng bi€u didn duge vé & vi tri sao cho
" hinh thanh v4i dudng bi€u dién s.t.d. d6 cac dién tich trén va
dudi truc ngang bing nhau, th€ hién rang tir thang cha cuc N va
cuc S phai cing mét tri s6.

Hinh 11-10 néu lén thi dy #ng dung phuong f)hép tdng quat
vé dubng phan b8 s.t.d. tdng d thoi di€m dng voi i, = 1 cia day
quin bapha Z = 24; 2p = 4; vy = 57 cd so dd qudn day trén
hinh 9-27. Trinh tu tién hanh nhu sau:

1. V& gidn dB khai trién cha day quidn hinh 9-27 va xdc dinh
cdc vung pha & 1dp trén va ldp duéi cha day guén.

2. Xdc dijnh tri s8 c¢da ddong dién d cdc pha & thdi di€m cho
bigt, sau dd x4c dinh tri s6 va chibu cia dong dién & cac 16p trén
va l6p dudi cia rdanh va téng dai s6 cia ddng dién & trong cée
ranh.

3. V& dubng phan b8 s.t.d. ty 18 »5i tdng dai 58 cac dong dign
trong r&nh. )

4. Xac dinh vi trl cda truc ngang.

Cht y rAng trén hinh 11-10 chi v& dudmg bi€u dién s.t.d. ing
vdi mot doi eue cha dAy. quéin.

Céu hdi

1. Phan bigt s.t.d. dap mach va s.t.d. quay. S.t.d. trong méay
bi€n 4p khac cdc s.t.d. dd nhu th€ ndo ?

2. Phan tich s.td. cig day quin mét pha quin rai, bude ngin.
Bigu thie va tinh chit caa s.t.d. dd.

3. Phan tich s.t.d. cia day quén ba pha quén rai, buéc ngan.
Bigu thic va tinh chit cda s.t.d. dd.

4. Tdac dung cia budc ngadn va qudn tai ddi vdi st.d.
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5. Dat dién 4p xoay chiku ba pha vao day quén ba pha. Gia
thi mot pha bi ddt day thl s.t.d. cia day quédn thudc loai s.t.d.
nao ?

Bai t4p

1. Cho mdy phéat dién ba pha 10A v
méi cye cd 12 ranh, day quén hai hd
16p, budc day quan la 10 ranh,
méi phiin ti cd 4 vdng day. Hay
tinh bién d6 s.t.d. co ban va s.t.d. 104
tdng khi cd dong dién 10 A chay

qua nhu trén hinh 3-11 (pha C ¢ 8

hé mach) trong trudng hop: Hinh 11-14.
a2) ddng xoay chidu; b) dong

mét chidu.

Dap s6 : F, =804
F. = 2307 A
2. Cho mét may phat dién ba pha téc d6 quay n = 75 vg/ph,
day qudn mot l4p, dong dién di qua mbi phan tit [ = 230 A (iri
86 hiéu dung), s8 ranh phAn tinh Z = 480, trong mébi ranh c¢ 8
thanh d4n, tAn s8 { = 50 Hz. Tinh:

a) Bién 46 cia céc séng diBu hda st.d bac 1, 3, 5 cla m51
phan ti khii = L.
b) Bitn d6 cda cac s.t.d. bac 1, 3, 5 cia dAy quén cia méi pha.
Dép [ a} 5135 = 1636; 552; 331 ZA,
b) 1’-‘ql_‘3’5 = 3200, 1066,4; 640 A.

3. V& dubng bifu difn s.t'd cia day quén ba pha mét 19p véi
Z = 24; 2p = 4, & thoi difm dng vai iy = 1.

4. V& duong bi€u difn s.t.d. clia ddy quén ba pha hai 16p quén
x8p voi Z = 15; 2p = 4 & thei difm dng véi i, = 1
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Chuong 12
DIEN KHANG CUA DAY QUAN MAY DIEN XOAY CHIEU

12.1. DAI CUONG

Dong dién m pha chay trong day quin médy dién xoay chidu 88
sinh ra tif trudng quay & khe hd giltta stato va réto. T trudng dd
bao gdm séng co ban quay v§i tdc dd ddng b6 n; va céc sdng bac
v quay thuin va ngudc véi t6c o xn,fv. Ngodi ra, ddng dién’ cia
titng pha cdn sinh ra tit trudng xoay chiBu & cdc ranh chda day
quin do6.

Trén thyc €, dé viéc nghién cdu va tinh todn dugc d& dang ta
chia va xét tu trudng cGa diy quin theo ba viing khong gian: tif
truting & khe hd; tu trudng ¢ ranh va tif trudng 0 phan ddu ndi.

Tit trutyng & khe hd 1a do cac s.t.d. bic mdt (cd ban) va bac
cao sinh ra. Khi dong dién ba pha trong céc day quén la ddi xdng
thi bien d6 tir cdm do céac s.t.d. dd sinh ra cd tri sf:

o p p, my2 Wkdqu

B ¥ = ¥
™ kK Kk 7 vp

(12-1)

B.
trong d¢: kg = B'“' - hé s6 khe hd xét d6n 4anh hudng lam giam
mey
bhién d6 tift cAm do khe hd khéng déu;
B, - tri s6 cuc dai cia tif cdm khong hinh sin B; do khe hd
khong ddu;

B, . - bién d¢ cha séng B;;
k, - hé s6 bac hda cia mach tir.
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Hinh 12-1 cho thdy su phan b6 tit cAm do s.t.d. bac mét @ = 1)
sinh ra.

Céde duting sdc tU clda tit trudng khe hd 1a nhitng dudng khép
kin di qua 18i thép stato va r6to. Tu théng do tit trudng bac v
ginh ra cd tri sd :

) _ Tl m2vZ why,,

{ P, = By, 1l = ‘k,,kaé i I (12-2)

Téc dung dién tif trong méy dién dya chi yéu vao tif théng &,
dng vii tif trudng cia séng co bin (v = 1) & khe hd con goi la ti
truéng chinh. T théng & sinh ra s.dd. ty
cam trong ban than diy qudn dd hodc
s.d.d. hé cAm trong day quéin khde va
tuong Ung s& cd cic dién khdng tu cidm x,
va dién khéang h8 cAm x,,.

Céc ti trudng do sdng bac cao & khe
hé rdt y&u nén dugc xem nhuw tif trudng
tAn cua khe hd, con goi 1a tu truding tap.
Trj sd ctia tir truding tap bang tit trudng
Minh 12-1. Sy phan bS t t8ng & khe hd trir di tir trudng chinh.

cdm sinh ra bdi s.dd, Ti trudng 4 ranh la do déong dién
bic mbt xoay chidu chay trong canh tic dung cia

phln td dat trong ranh sinh
ra. Tit trudng & rdnh cd dang
nhu trinh bay ¢ hinh 12-2,
trong doé cac dudng sic ti dBu
thdng gde vdi mat rarnh (do
didu kién up, = =) va chid y8u
chl mdéc vong véi thanh dén
dat trong ranh. Hinh dang cia
cdc 6ng tu hoan toan phu
thuéc vao dang hinh hoc cia
HMinh 12-2. Tu trudng & rénh ranh. Ung vdi tu trudng ¢
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ranh cd dién khang x,,.

Tit truong & phin dau
ndi cd cdc dudng sdc tir
phan bd nhu & hinh 12-3.
O khu vuc nay tit trudng
cing do dong dién m pha
‘chay trong phan dau ndi
cia diy quéin m pha nén cd
tinh chét cia t¥ trudng  y0n 42,0, TU trudng 3 phdn dAu
gquay. Do modt phan céac ndi cda may
dudng sdc cia tir trudng dd
mde vong vdi cd dAy quéin & stato v réto nén sinh ra ca s.dd. ty
cam va h8 cAm. Tuy nhién, cde s.d.d. ndy rét nhd so véi céc s.d.d.
ty cAm va h8 cAm do tit truong chinh 3 khe hé nén cd thé bd
qua. Dién khang tuong dng v6i tit trudng & phin dAu ndi 1A x,.

Trong méy dién xoay chidu, sy trao ¢6i nang lugng co dién
gilta stato va roto chd y&u dya vao tit truong chinh cia khe hé.
Céc ti trudng rdanh, diu ndi, tap khong tham gia tryc ti&p vao
qud trinh bién d8i nang lugng ndi trén duge coi 1a tit trudng tan
va cdc dién khdng tuong dng dugc goi 12 dién khang tdn. Khi
thift k& cdc mdy dién, khong ahft thi&t phai tim cach gidm céc
dién khang tAn dé&n trj s6 cyc ti€u ma chi gi6i han ching trong
mdt pham vi cho phép, dAm baoc tinh nang va didu kién lam viéc
nhdt dinh cha mdy.

12.2. DIEN KHANG CHINH CUA DAY QUAN
MAY DIEN XOAY CHIEU

Tit thong chinh & khe hé ®, s& cdm dng trong ban than day
quin / c5 s6 vong day w,, sd.d. td cAm E|. Theo (10-9), s.d.d. d¢
cd tri oA

hay k&t hgp vai (12-2) khi » = 1 ta ¢é:
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)
_Amf pgtls wikyg,

. , (12-3)
n k#kaa p
Dign khang chinh clia day quéin cé trj s6:
E dm € ptly wiks
x, = v Myl ATl WiKgg: (12-4)

I, n kkd p
5.d.4. hd cam trong day quéin 2 ¢d s vong day w, do tit thong
P, cd tri s6 nhu sau:
Ejp = Jn’ffwzkdqz@] =
Amof potly wikgg1Wokago

X (12-5)
via dién khdng b8 cdm chinh tuong ung:

B

Nhu vay ta thfy cdc dién khdng ty cAm va hé cAm dBu ty lé

thudn vdi binh phuong cda 38 vong day (w?) va ty lé nghich véi
khe hé &,

12-3. DIEN KHANG TAN CUA DAY QUAN
MAY PIEN XOAY CHIEU

12.3.1. Dién khéng t4n ¢ rénh

Ta xét trudng hgp ranh tiét dién hinh chi nhit cd kich thude
nhu trén hinh 12-4, trong dd d&t mot canh tde dung coa mot
phAn ti& co w, vong day. Dong dién i chay trong canh tdc dung sé
sinh ra tif trudng od cdc dudng sdc thdng gdc vai vach rarh.

Vi dién khdng tdn x = oL = wy/i, nén d€ tlm trj s6 :da x
trudc hét cAn tinh toan bd tit thong mde vdng ¢ véi cac thanh
ddn cia canh tac dung dd. '

Trong khu vyc ranh. thuge pham vi d¢ cac h;, mét dudng sic
tr cach ddy khoang x s& mdc vdng v4i s6 vong day x/h), w, va s8

X

"ampe thanh dén xuyén qua dudng sde tit d6 bang h—wsi. Ung
1
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dung dinh luét toan dong dién cho T d
dudng tu luc do véi didu kidn: ‘1 S
B,, x IS SN
— hr =~ wi, ]
My hl . dz
n X . ——o]
hay: B,, = ey wi (12-7) b -
Trong khu vyc ranh dng véi h, x
ta cd; ‘
By . - ,
By =— wi (12-8) 7

r
Ti thong cha don vi dng tif ed
tigt dién 15d,, trong d6 1y 1a chigu Hinh 12-4. Tih todn A0 truing

dai tinh toan cda ranh, & cde khu tén & rinh
vue I va 2 bing:
dd,, = B,,i,dx; d®,;, = B,ldx
Tu théng mdc vong tuong dng:
X X
dy, = —h: wdd, = . w B, lsdx
: (12-9)

dy,: = wsd(bxz = wsszlédx

Toan bd tit thang mdc vdong voi canh tae dung dat trong rdanh
cd tri s8

x=h -
¥r= J 16%. + f 5%2 = uowilgh, (12-10)
x=h;
h h,
trong do: A_ 'EtlT + b* (12-1D)

T r
dugc goi 1a suft din tir tAn tuong dbi cda ranh, tdc 1A tic thong
tdn mde vong trén mot don vi dai cua ranh trong cd dat mét
vong day va dong dién chay qua la mdt ampe. Tit bi€u thuc
(12-11) ta thdy, néu ranh cang hep va séu thi 1, cang 16n. Thong
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thudng 4, = 1,0 + 4,0. Cach tinh A_ cita cde ranb cd hinh dang
khdc cing tuong ty va cd thé tim thdy & gido trinh. Thiét k&
mdy dién"

2
Vi mét nhdnh song song cia day quén mot 16p cd canh

a

W,
phdn ti hode w = il vdbng day, trong dd a | s8 mach nhdnh
a

song song, nén hé 88 tif cAm cia mot nhanh song song bdng:

2
1, = 3 ¥ (12-12)
a i
va dién khang tan & ranh cta mot nhanh song song bing:
x, = 2L = Mf,fg- ﬁ (12-13)
a i

Thay tri s6 cia v, theo (12-10) vao {12-13) va chd ¥ ring néu
day quén cd a nhanh song song thl di¢n khang tAn gidm di a 1an
ta cd két qui cudi cung:

wZ
= Wof —p—q— lajr (12-14)
Bifu thitc (12-13) cing dng dung duge cho day qudn hai lop.

12.3.2. Dign khéng tén ¢ diu nbi

Dbng di¢n nhi®u pha sinh ra ¢ phan d3u nfi tit trudng quay
gbm cd séng co ban va sdng bc cao va cling sinh ra cdc s.d.d. tu
cAm va hé cAm trong cdc day quén. Do hinh dang udén cong cia
phin d3u nfi nén ti tredng 4 khu vuc nay phan b8 khong déu
trong khong gian va bigu thitc giai tich clia dién khdng dua vao
k&t qua nghién cdu theo ly thuy&t cua truong dién tu & dé rét
phic tap. Trong thuc t€ khi thift k€ va tinh todn, ngudi ta
thudng ding cong thic kinh nghigm tudng ty nhu biéu tidc
{12-14), trong &6 4, duge thay bing susit dAn ti twong d6i cta
phin dAu néi i,
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D& voi day quéin hai lap budc ngén thi:
Ay, = 0,34_-?— (4, - 0,648DK2 (12-15)
: _

trong dé l, - chidu dai trung binh cia phin dAu ndi cha mot
nia vong ddy.

12.3.3. Dién khéng tan tep

Nhu da trinh bay & trén, cde tit trudng bae cac & khe hd
khong trde ti€p tham gia vao quéd trinh bién dfi nang lugng va
dudge xem nhu la mdt b phén cia ti trudng tan. Nhu vAy dién
khang tan tap tuong \ng 12 tfng clia cdc dién khéng ty cAm cia
tdt ca cac séng bac v ¥ng véiv # 1. Trén co sd tuong ty bi&u
thie (12-4), ta cd:

E 4mf p_tly w* k?
2= § et = 2T T e K (12-16)
vl [ n k#kéd p v=1v
Ty s8 k, gilta x, va x, dugce goi la hé sf tan tir tap.
X, 1 ' kgq,
k, = = 22— (12-17)

X kgql vl ¥V
D6i véi day quéin hai 16p, k, pha thudc vao § va q va cd trj s
nhu trén hinh 12-5.
Déi véi day quin 1dng sde ky,, = k,
{10-17), ta ca6:

> = 1, nén tit (12-17) va

1 1
k, = [ + ] (12-18)
k=123 Z zZ
T2+ 1?22 -1)?
P S p

z 1 z,
Khi —2 > 3 thl k, = — (= }%. Léiy thi du néu —2 «=10 thi
P 3 % P '

k, = 0,0328.
. Nhiing nghién ciu ty mi cho biét do Anh hudng cia cac ranh,
tri s6 clia k, gidm di kh4 nhidu. Ngodi ra cdc tif trudng bic cao
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clia stato s& sinh ra cac s.d.d. A

8 céc dAy quin va & ca 1ai 830
thép cia réto. Dong digén do 0,26 [P~ L,; i
cdc s.d.d. nay sinh ra sé tao 0.2
nén cdc tit trudng lam ySu 001~ ]
hoac lam triét tiéu mét phin og12 Py 923 v
edc til trudng béc cao da sinh a0
ra ching. K&t qua la tri sé 0.008 rey,
cda k, s& nho hon cac tri s6 a.005 > "*-,—-—/ s
: . NI
tinh dugc thea bi€u thie Q004 |- -
R -
(12-18). V&n d& nay =8 duge 0.002 : —= .
d8 cAp dé&n k¥ han trong gido 6 |9:7 |94
o7 ve A 108

trinh "Thiét ké may dién".

: Sau khi da biét dugc k, cé Hinh 12-5. Céc dudng bifu didn
thé tinh duge dién khéng tan he s& tin tI tap

tap theo bifu thic:
x, = kx, (12-19)
Biéu thic x, ciing cd dang cla bigu thde (12-14) néu thay 4,
bing sudt din ti tan tap A,. Ta cd:

i = i (12-20)

w
4#0.7!{ _— 16
P

Thay tri s6 cia x, theo (12-19) vao (12-20) trong d6 x, tinh

theo (12-4), ta dugc:
2
mqk, t
(= 1 (12-21)
/4 kﬁkéd

12.3.4. Trji 88 cua dién khang tén x; ctua diy guin
mdy dién xoay chidu

Tri 36 ctia dién khéng tan x, |2 tng s6 cua céc dién khang
tdn & ranb, & phan dBu néi va dién khéng tan tap, nghia la:
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2
w
Xg = X + Xy + X = 47%!; LA, + Ay +4) (12-22)

So sanh céc thanh phan cla x, ta théy, trong mdy dién khong
dong bd, cac dien khdng tan ranh, du nbi va tap cd tri s6 ghn
bing nhau. Trong mdy dién ddng b6 do khe hd & ldn, ngoai ra d6i
vdi mdy phat dién tuabin hoi, do q = 5 + 12, nén dién khéang tan
tap nhé hon cdc dién khéang tdn ranh va dau ndi.

Théng thudng d6i véi may dién ddng bo x, = 0,08 + 0,2 va
d6i vdi may dién khong dong b6 x, = 0,1. A

Ta cing can chi y thém rang, trong digu kién lam viéc binh
thudng cta mdy dién thi x; 12 hing s8 vi tit théng cla tit trudng
tan khong lén va mach tir clia ti trudng tin khéng bi bdo hoa.
Khi xay ra ngdn mach, tit thong tdn rat 19n khifn cho ving rang
cua 16i thép bj bao hoa rft manh, két qua 1a tri s6 cia %, bi gidm
di vao khoang 15 + 30%.

Céu héi

1. Cac dién khdng chinh cua day qudn mdy dién xoay chidu,
biéu thudc va y nghia ctia ching?

2. Kich thudéc cta rdnh cd anh
hudng nhu thé nac d6i vai dien
khdng tadn d ranh? Muén tang dién
khing tdn cda ranh phai lam thé -
nao?

Bai tép

Tinh suéit ddn tir tan d rdnh khi
tigt dién va kich thuéc radnh nhu
trinh bay trén hink 12-6.

Minh 12.8
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Chuong 13
MACH TU LUC KHONG TAI

13.1. DAI CUONG

Tit trudmg trong méy dién la m¢t yéu t8 khéng thé thidu duge
d€ sinh ra s.d.d va métmen dién tu. Trong hBu hét nhitng may
dién hién nay, tu trudng lac khang tdi déu do déong dién mat
chi®u chay qua day gquin kich tit dat trén cuc tif sinh ra.

Muc dich cda viée nghién ciu mach tit ldc khéng tdi cia mady
dién modt chidu hay ndi chung ctia tdt cd céc loai mdy dién khac
nhy mdy diégn ddng bd, may dién khoéng ddng bd v.v... 14 xdc dinh
sdc tir dong (viét tat 1a s.t.d) cin thiét d€ tao ra ti théng & khe
hd 44 d€ siph ra trong day qudn phin Jdng mot s.d.d. va momen
dién tit theo y2u ciiu cua thist k& Trong chuong nay sé trinh bay
céch tinh todn cu th& mach tit mdy dién mot chidu. Tuy nhién, vi
phuong phdap dd cd tinh cdch téng quat nén cing cd thé dng
dung d& tinh todn mach tit cta cac loai mdy dién quay khac.

13.1.1. Tir trudng chinh va tr trudng tan

Trong may dign, cdc cyc tit ¢d cve tinh khdc nhau duge bd tri
xen ké nhau, tit théng di ti cyc bac N qua khe hd va phin ting
rdi trd v& hai cuc nam S ndm k2 bén. Sy phan bd cia dugng sic
tii & mét may bdn cuc nhu trén hinh 13-1. Theo hinh vé dg, ta
thdy tit thong di ra dudi méi cyc dai bé phan di qua khe hd vao
phin dng, chi ¢cd mot bd phan rt nhé khéng qua phan dr 7 ma
truc ti&p di vao cdc cuc tlit b&n canh hoac gong ti, ndp mdy ...
lam thanh mach kin. Phan tit théng di vao phin dng goi 12 ti
thang chinh hay tit thong khe hé ®,. Tu théng nay c&m ting nén
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s.d.d. trong dAy
quéin khi ph2n dng
quay va tdc dung
vdi déng dién trong
day quén d€ sinh
ra mdmen. Day la
phan chi yéu cia
tir thong cuc tit ¢

Phin ti thong

Minh 13.1. Sy phan b§ ca 1 trudng chinh lfhﬁng di qua phan
va t trudng tan trong may didn mdt chidu Ung goi la tit thong
tdn @, N¢ khong

cAm Ung nén s.d.d v4 mémen trong phén ing nhung ndé vén tdn
tai lam cho d6 bao hda tit trong cuc tit va gdng tir tang lén. Tu
théng nay nhidu hay ft con phu thudc vao d6 bao hda va két cfiu
cua cuc tir.

Tdm lai toan bo tit théng cha cyc tir bing:

b
b =, + &, =D+ ¢") = 0,®, (13-1)
[+]

trong dd: 7
o, - hé s6 tan tit cda cyc tit chinh, Thutng o; = 1,15 + 1,28

13.1.2. S.t.d. clin thiét sinh ra tir thong

D€ cd tit thong chinh @, cBn phai cd mot s.t.d. kich tit F nao
dd. S.t.d nay do s6 ampe vong cua day quén kich tit trén mot dai
cuc sinh ra. Theo dinh luAt toan ddng dién, trong mach tit kip,
téng s.t.d. bAng tich phan vong ctia cuang dé tir trudng trong
mach ti dd, tdc 1a: '

lw = $HdI .

Trong thyc t& mdy dién, tryc ti&p ding cong thic trén d€ tinh
toan c6 khd khan vi mach tir trong may dién khéng quy cii, khé
xéc dinh cudng d¢ tir trudng H & cdc di€m. Vi vay d€ d& tinh
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todn, ta dung cdch phan doan va trong cdc doan dd coi nhu
cudng d6 tir trusng khéng ddi. Trong may dién, thudng chia
mach ti ra lam nam doan sau: khe hd, rang phén dng, lung phan
ing, cye ti va gong tir.

Nhu vay s.t.d. cAn thi&t cho mot dai cuc F_ dé€ sinh ra tur -
théng chinh cd th€ tinh nhu sau:

F, = Jlw = JFHI

2H;0 + 2Hh, + Hy, + 2H], + HJl,
Fy + F. + F, + F  + F, (13-2)
trong d¢ cac chit nhd 4, r, u, c, g chi khe hd, rang phan dng,
lung phin dng, cuc tir va gdng tit; h chi chidu caoc va 1 chi chigu
dai. :
Cudng do tif trudng theo nguyén tac o6 thé€ tinh theo cong thic:

B
H=— (13-3)
. #H
trong dd:
B =—S- - tit cAm trén céic doan;

@, S va x4 - tit thong, tist dién va hé s8 tit tham cha cac doan.

".I‘rong khong khi, y = u, = 47.107 Him nhung trong sat ti, u
khong phai |12 mot hé sé khong ddi, vi vay thuang khong tinh
todn theo cdng thdc (13-3) d€ duge H ma truc tiép tim ra H theo
dudng dac tinh tir hda ctha vat ligu, tdc la ddéng B = f(H} khi
bigt B. .

Sau khi phan doan tinh, s.t.d. trén cac doan, c6 thé tim dugc
s.t.d. téng dudi mbi dbi cuc tir theo cong thic (13-2). Sau day sé
gidi thidu cich tlnh s.t.d. & cdc doan 4y.

13.2. TINH S.T.D. KHE HO F;

Sy phan b8 tir trudng trong khe hé
Khe hd giita phin dng va cue tit khéng déu nhau, 3 giita cuc
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Hinh 13-2. 34 phin b8 clia tU cam
khe nd trong mdy didn mat chidu

tif khe hd nhd, & hai dau mat
cuc tif khe hd 1on nhit thudng
Opax = (1,6 + 2,519) cho nén
tit cAm & cdc diém thiang gde
vdi bé mat phan idng cing
khdac nhau. Gia thiét bg mat
phin ung phing thi sy phan bé
tir cam dudi mét cuc t nhu
hinh 13-2. Hinh dang ciia no
phu thuéc vao bé réng cia mat
cuc tit va chidu dai cua khe ha.
O gilth cuc tu, tit~cam lén
nhdt, d hai mép cuc ti thi nho
di rdt nhiéu va & duong trung

tinh hinh hoc gita hai cyc tit thi bang 0. D€ dé tinh F;, ching ta
don gian hoa dudng phan bé tir cAm theo phudng phdp déng tri,
nghia 14 coi dudng cong phan bd ti cAm thyuc t€ bing hinh chir
nhat cd chiéu cao la By = By, va ddy la b’ = a,7 sao cho dién
tich hinh chit nhat tinh d8i bang dién tich bao bdi dudng cong

thue. Ddy b’ goi

D

la cung tinh todn cda cuc tir; 1 =-— 1a bude

2p

sinh 13-3. Sy phin bd cda tu
trudng khe nd khi ma3t phan Ung cd
rang. rdnh

Hinh 13-4. Sy phan o8 cda W cam
khe hd khi m&t phédn dng ¢é rang
ranh
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cyc, d6 1a khodng cach gilta hai cdc tit tinh trén chu vi phan dng
(D la dudng kinh phan dng, p 1A s§ doi cyc), a; goi la hé s§ tinh
todn cda cung cyc tit. Trong mdy dign mot chidu cd cuc ¢t phuy,
ayz thudng trong khoang 0,62 + 0,72

Thuc t€ {2 trén mat cyc cdn cd rang, ranh nén tir trudng khe
hd phin bd cang khéng d@u, trén rang dudng tu sdc day, & rdanh
thi it hon (hinh 13-3), dudng di cba dubdng sic tir qua: khong khi
dai 18n, ké&t qua 13 tit trd cda khe hd tang lén.

Anh hudng nay nhi®u hay it cdn tay thufc vao kich thudc cia
rang va ranh. Vi vy khi tinh toan Fy phai dung chidu dai khe hd
tinh todn &' d€ xét d&n y&u t§ dd:

§ =k (13-4)
trong do:
k; - goi la heé s8 khe hd. Cd th€ tinh ks theo cOng thic sau:
t, + 103 )
ky = . (13-5)
b, + 108

trong d¢ t, va b, la buéc rang va chidu rdng cilia dinh rang (hinh
13-3).

Budng phan b6 tit cAm dudi cyc /
tit khi xét dén rang, ranh nhy hinh ] { .
13-4, i’:lf;?:u"'."'" N ‘::
. . . h Y-— t‘-. t— l" — { g
D6i véi may dién céng suft 16n, iy
theo chi®u dai 16i sat con cd nhimg B '
rianh théng gié huéng tam nén tit | Bs & :I:

cAm doc truc phan b§ cing khéng

ddu (hinh 13-5). Thay dudng cong .. y3.s Sy phan bs cu

phén b8 tit cAm thyc t€ bAng hinh 1 cam khe hd doc thea

chit nh4t tinh d6i c6 chidu cao 12 B; chidu dai I6i sit

= Bjpa ma dién tich van rhu cd

thi ddy cua hinh chit nhat la goi la chidu dai tinh todn cla phhn
dng. V&i d¢ chinh x4c day dd, cd thé cho rang:
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I, =054, + 1) (13-6)
trong da:
I, - chigdu dai cuc tif theo tryc mdy;

=1 - n,. b, chitu dai 16i sit phdn dng khong tinh dén

ranh théng gigo‘;
1, - chizu dai thuc 16i sdt;
N, bg - 38 ranh va chitu rOng rdnh thoéng gid. _
Nhu vay véi mét tir thong chinh &, nao do thl tir cAm khe hd

bang:

L)

Ba = 2 ( 13' 7)
aérlé

va s.t.d. khe hd bang:

2
Fé - — Bak&d (13-8)
4]
Thudng trong may dién mot chiBu cong suft dudi 10 AW, tit
cam khe hd By vao khoang 0,4 dén 0,65 T va trong mdy cong
sufit 16n thi vao khoang 1,0 d&n 1,05 T.

13.3. TINH S.T.D. RANG F,

T thong @, sau
khi di qua khe hd thi
phédn lAm hai mach
song song di vdo ring
vié ranh cia phan
Ung. Do ti din cia
thép 16n hon khong
kh{ nhi2u nén dai bé
phan tir thong di vao
ring.

Tit thong di qua
mdt budc rang ¢,

r

Hinh 13-4 5td trén r8ng
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bing:
@, = Bglst,

L&y mot tiét dién dong tidm voi mat phan ing cach dinh rang
mét quang x d& xét (hinh 13-6) thi tit théng ¢ di qua tiét dién
. 46 gdm hai phan: tir thong @, di qua rang va tif thong &, di
qua ranh, ta co: )

b, = D, + Db, (13-9)

Chia hai vé cia bieu thuc (13- 9) cho ti&t dién mat cét cda
réng, ta ca:

® b, b
L =2 " (13-10)
SD{

S 5

LS 7X

P . .
Tri sdg' = B, goi la tit cAm tinh todn cia rang. Y nghia cia no
Fa
la coi nhu toan bé ti thong @, d&u di qua rang. Khi B’ > 1,8 7T
" thi do mach tit trén rang tuong d4i bdo hoda. tu trd lon l&n, tir
théng trong réinh khoéng thé bd qua duge nén phai phan biét B,,

. d)ZX
va tif cAm thuc t€ trong rang B,, =—— .
SZX
™ trong cong thic (8-10 ¢ thé vist dudi dang:
IX
@ ., S,
= = 2 " =B .k, =« H k, (13-11)
Szx Sr'x Sm 7 '
trong do:
8., - tiét dién cda ranh (d6i vai ranh hinh chit nhat thi ti&t
dién nay khéng phu thude vio x);
B .. H., - ti cAm va cuting 46 tir trubng trong ti€t dien ranh
da cho;

k. - hé s6 rang phu thuoc vao kich thudc cda rang va rianh.
k., cd thé tinh theo cong thic sau:
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5. 5,-8S tl
er - X - Lx X = !a‘ R 1 (13-12)
Sn er brxllkc
trong do:
S, - tigt dién budc rang O d¢ cac x;

t, - budc rang ¢ db cao x;

1, - chigu dai 15 sAt;

k. - hé s6 ép chat 16i sat, la ty sd giita chidu dai cdc phln
thulin thép cua 16i sat vdi chidu dai 15i thép. Khi giita cdc 14 thép
c6 phi son céch dién thi k. = 0,92

Gia thist nhitng mat cdt hinh tru ngang rang va ranh 4 cdc d¢
cao x cing la nhitng mat ding tri cia tif trudng thl H,, = H
Do dd theo céng thaie (13-10) va (13-11 ta od:

B,, = B,, + # H k_ (13-13)

Trong cong thic trén B;, cd thé tinh ra truc tigp tit O; S0
B, va H, cd th€ tim ra duoc tir dudng cong tit hda B = f(H) va
tinh toan. Cy thé cdc bude
tinh nhu sau:

e

Trudc nét vé dudng tit
hda cha thép silic dimg iam
phin dng (dudng ! trong
hinh 13-7}). Véi kich thuée
da hi€t caa rang, va ranh
tinh %, theo cbéng thdc
(13-12). Tu cho mét loat cédc
tri s8 cia B,

Minh 13.7. Dudng cong B, = fH)

Tu dutng cong B = f(H) tim ra H_ tudng @ng rdi tinh ra
u,H k, sau do tinh B;, theo céng thuc (13-13). Vé dudng biéu
dién B, = fiH,) {dudng 2 trong hinh 13-7). Biét nhitng dudng
cong dd ta cd thé s dung chung theo trinh ty nguge lai. V6i mét
tri 86 cia B, B’ nao dd cd thé tit dudng cong 1 va 2 tim ra B,
va H,.
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Du&ng cong B, = fiH,) cha thép ky thuat dién Nga 2211,
2312 va 2411 dng voi nhing trj s6 khdc nhau cla k, dugc thé
hién trong hinh 13 8.

Dudng dac tinh tit hoa co ban cua cédc loai thép c¢d ghi trong
phian phu lyc.

Ti cam tinh todn cia rang B, & cdc 4§ cao x cta rang ¢d thé

tinh nhu sau:

[]
?

Bylst,

b ke

(13-14)

n

q)l
B = =
SZX

trong dd:
I
b, - chigu rong cia rang & d6 cao x;
k. - hé s6 ép chat;

t, - budc rang phan dng.

Thuc t& khi tinh todn s.t.d. rdng, chi cin tinh H & ba diém
trén chi2u cao ciia rang & tist dién trén, gita vd dudi cla né la
H,, H,, v& H,,.

Tri s tinh todn cla cudng d¢ tir tredng trung binh bing:

,- 1, - chitu dai tinh todn va chidu dai thyc cia l6i sit;

1
H, =7 (H, + 4H,, + Hp) {13-15)

Néu goi h, la chidu cao cia rang thil s.t.d. rang d&i véi mot doi
cuc la:
F, = 2H,h, (13-16)

‘Thusng dé tinh toan duge don gidn hon, ngudi ta chi x4e dinb

tif cdm B va cudng 40 ti trudng H & mot tist dién cdch chan’
h
ring la _éz_ lam tri 56 trung binh d€ tinh todn. Trong trudng hop

nay ta cd:
F, = 2H,1h, {13-17:
3 ) .
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K&t qua clia tinh todn nay tdt ghn ding v4i cach tinh chinh
xéc trén.

Trén mdy dién moét chidu, tU cdm ¢ chd hep nhit cda rang vao
khoang 1,8 =~ 23 T. :

13.4. TINH S.T.P. 0 LUNG PHAN UNG

Thuc ra ti théng di qua ti€t dién lung phiin Wng phan bé
khong déu l4m. O gin rang, dudng ti ngén hon nén ti cam léa
hon, nhung do sy khac biét khéng 1on ldm nén cd thé ldy tif cdm
trung binh & Iung phin dng dé tinh toan.

Tit cAm d lung phln ng cd th€ tinh nhu sau:

By = = =—2 (13-18
S, 2h bk,
trong dd:
¢0 -
¢, = ol tit thong phan ung;

S, = h ik, - tiét dién lung phan dng:

h, - chidu cac phan Ung.

Theo duting tif hda cia thép ki thuat dién dng véi B, ta dudgc
H,
S.t.d trén lung phdn dng bang:

F, = HJ, (13-1%

13.5. TINH S.T.D. TREN CUC TU VA GONG TU

Khi tinh todn phfin nay phai x£t dén Anh hudng cia ti thong
tan. Nhu d4a ndi 0 muc 13.1, tit thong ¢ qua dudi cuc tit lén hon
tit thong chinh & va bdng ®_ = o,®_ trong d6 ¢, = 1,15 + 1,25,

1 1
Tu thong trong gdng tir bang ®, =5 ¢ = 3 a®

Thyc t& thi do tit thong tan tan ra khap cuc ti (hinh 13-9)
nén tit thong & cdc phln trén cuc tif va gong tir cing khdc nhauy,

o
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nhung dé don gian tinh
todn, ta coi nhu trén eue tit
va gbdng tit ti théng khéng
d8i Tit cAdm trén cyuc tir va
goéng ti bang:

(DC ¢C -
BC=SV&BE=2S AT
c g -~ N \oA e 7
(13-20) / SN O
trong d¢: _{:’ TYS
H i K
S, va §, - tigt dign cuc ! L .
tl\I Vﬁ géng t“.t . ;'. \‘\‘ e Y 22 T -
Tit duérng tir héa cha vat IS ..« phén l/(ﬂg
litu ché tao cyc va gong tiI,

tim ra cudng dé tir trudng

trén cuc tit H vi trén gong .
Hinh +3.8. Dudng sdc tU tdn vi nhdng

tu Hg' mit didng th€ cta phdn mép cyc
Std trén cue tU va ciia may dién mat chidu
gong ti bang:
F, = 2Hh, va F‘g = Hglg. (13-21)
trong do :
h. - chigdu cao cye tif;
lg - chigu dai trung binh cia gbng tu.

13.6. DUONG CONG TU HOA

Muén sinh ra mét tit thong @, ndo dd cin cd mot s.t.d. kich
tit nhat dinh F,. Khi &, thay d8i thi F  cing thay d6i theo
Duang bi€u dién quan hé gitta ®, va F_ goi la dudng cong tit hda
ctia may dien (hinh 13-10). Khi thist k& may dién, cd the gia
thigt nhitng tri s6 & khac nhau rdi tinh F tuong dng. Ddi véi
mdy dién c6 saAn thi dung thi nghigém dé vé dudng tir hda.
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Do s.d.d7 lic khong tai E_ ty 1é thuan voi @, va dong dién
kich ti I, ty 1é thuan vdi.F“, nén néu ding mot ty 12 xich khée
thl ta hoan toan c¢d thé bién dusng tir héa &, = {(F ) thanh
duting bidu dién quan hé giita B véi [ E, = fl).

Khi tir théng trong
may dién nho, thép caa R R thang deldi méi 455 e

may it bdo hda nén s.t.d. /
ciia mach t¥# hiu nhu ,."

R . ¢ |g___s
tocan bbd tiéu hao trén dm [T FAC
khe hé, do d¢ khi &, /

nhd, dudng ti hda la
dudong thing. Khi ti
théng tang lén, 18i sat
b4t dAu bao hda nén
duding ti4 hda nghiéng vé
bén phai (xem hinh
13-10). Kéo dai phén
dudng thidng cha dudng cong ti héa ta duge quan he Fy = f(d,).
Khi tir thong @ dinh mic (dung d€ sinh ra dién dp dinh mnic)
thi s.t.d. khe hd bang doan ab trén hinh 13-10. Doan bc trén
hinh vé chi s.td

FG I (A /tfo;tfc)

Hinh 13-10. Dudng tU hda cla may dién
mét chiéu

ac
roi trén cdc phiin sit cia mach tu. Ty s6 k, =—" = — goi la
! Fé ah
hé s8 bao hoa clia mach tir.

Trong nhitng mdy dién thong thudng, d€ triét dé lyi dung vat
lidu, khi dién ap dinh mdc, mdy dién lam viéc d doan duing cong
tir hca bat diu cong voi hé s6 bdo hoa k, = 1,1 + 1,35

Dubting cong tif hda anh hudng rat 16n dén dac tinh lam viéc
clla may dién.

Thi du

Tinh std. F, chn thiét d& tao nén tir thong chinh &, = 0,638.107 Wp
trong mdy phét mdt chidu. Cac sf itu cia mdy nhu sau:
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Céng sudt dinh muc P, . = 13,3 £W, didn dp dinh mdc
Uym = 230 V, dong dién dinh mdc [; = 58 A, tdc d6 quay dinh
mic n, = 1460 vgiph, 86 cuc 2p = 4. Dudng-kinh pgoai phan
ing D, = 245 mm. Dudng kinh trong phin dng d = 60 mm,
chigdu dai phAn dng l;, = 80 mm, cdc réanh thong gid theo
chi®u true, s6 rdnh phan ing Z = 35. Cdc kich thudc cia ranh:
b, = 8,56 mm, h, = 3,2 mm, khe hd dudi cac cuc chivnh'é = 1,b mm,
cac kich thuge cia cyc chinh, chidu dai theo hudng truc I, = 80 mm,
chidu rong b, = 80 mm, chitu cao (gdm ci mdt cuc) h, = 70 mm
hé 8@ tinh todn cha cung cue tif gy = 0,65, tiét dién cua gong
(gan ding) Sg = 26 x 160 mm?. Cac 16i cuc tir va 15i sdt phin
dng lam bang thép kj thuat dign 2212.- ' '

Theo kich thudc da cho (theo hinh 6-6) ta tinh dugc:

aD, = . 0,245
Budc cuc 1 = = = 0,192 m,
2p 4

aD, a . 0,245
Budc rang t; = Z = ™ = 0,022 m.

a(D, - 2h') 70,245 - 2 x 0,0362)
t. = - = 0,0155 m
. z 35 :

1 1
ty =— (t, + t;) =— (0,022 + 0,0155) = 0,01875 m.
2 ) ,

Chiéu rong rang: :

b, =t, - b, = 0022 - 0,0085 = 0,0135 m.

b, =t, - b, = 00155 - 0,0085 = 0,007 m.

b, = g - b, = 0,01875 - 0,0085 = 0,01025 m.
Vi mdy chi cd hé théng théng gid theo chidu truc nén ¢d thé

cho rang: '
Iy =1-1, = 80 mm = 0,08 m.

Theo cong thic (13- 7), ta duge:
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b, 0,638 . 10° - '
= =064 T
aafla 0,65 x 0,192 ® 0,08

H2 s6 khe hé:
¢ + 100 0,022 + 10 x 0.0015

Ba"

3 = = = 1,3
b, + 108 0,0135 + 16 x 0,0015
S.t.d. khe hd tinh theo cong thde (13-8):
2 , 2 '
F, =— Bydks = ——— 0,64 x 0,0015 x 1,3 = 1990 A,
o 47 . 10
He 6 ép chat 18i s4t cia thép k. = 0.9.
Theo cong thyc (13-14) ta cd:
Byt 1 0,64 x 0,022 « 0,08 .
= = = 1,16 T.

# b Lk, 0,0135 x 0,08 x 0,9
Tif cAm theo chiBu cao cva rang ty 1& nghich vdi chigu rong
clia rng, nén ta cd:

. by, 0,0135
B, = B,—= = 1,16 = 1,53 T
;. 0,01025
b, 0,0135
B, =B, — =116 =224 T
b,, 0,007

Theo duding cong tit hda 461 vdi thép 2212 (Phu lue 2), ta dude:
H,, = 3,6 Aicm va H,,, = 20,5 A/em.

Theo cong thic (13- 12) x4c dinh duge k, = 1,46 + 1,5 va theo
dudng cong tuong ing trén hinh 13-8 ta duge H,, = 1700 Ajem.
Vih, = ch, = 36,2 mm = 3,62 cm nén theo cdng thic (13-15) va
{13-16), ta duge: '

H, = 297 A/em va F, = 2Hh, = 2 x 297 x 3,62 = 2150 A,

Chigu cao cua lung phan dng:
D,-2h -d 0,245 - 2 x 0,0362 - 0,06
(= 5 = 3 = 0,056 m
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Tit cam cta lung phin dng theo cong thic (13-18):

D, 0,638 . 107 -
B, = = =08 T
2h k. 2 x 0,056 x 0,08 x 0,9
Cutng dé tiu truong tuong dng véi tif cdm dé H, = 1,4 Alem.
Tinh chigu dai cua dudng sdc tif trung binh trong ling phin tdng
la 1/4 vong tron cé dudng kinh D, - 2h, - h, = 0,245 - 2 «x
0,0362 - 0,0056 = 0,1166 m, do dd:

x.0,1166
y = ———=0,092 m = 9,2 em,
4 .
va F,=HJl, =14x92 = 129 A

Dé tinh s.t.d. cia cyc va gong ta 18y hé s8 tdn tit k, = 1,25
@, = kb = 1,25 x 0,638 . 107 = 0,8 . 102 wp .
Tu cAm trong 16i cuec tit:
@ 0,8 x 107

Theo duding cong tir héa B = f(H) cha thép 2212 (phu luc 2)
ta tim duge H. = 4,6 Ajem.
F.=2Hh, = 2x 4,6 x 7T = 64,4A
Doi vai gong tu ta co:
0,8 x 102

B - = =096 T.

g 25, 2 x 0,036 x 0,160

Theo phy luc 5 duge H, = 8,73 Alom. Chidu dai I, cia duong
sitc ti trung binh trong gang bang 1/4 vdng tron cd ducng kinh
la:

D, + 20 + 2h_ + h

245+2x1,5.+2x70+26=
414 mm = 41,4 cm.

do dg:

mx 41,4
I = — ='382,5 em
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va:
F, =HJ, = 8,73 x 32,5 = 283,7T A

S.t.d. d6i véi mat do1 cuc chn thist d€ tao nén ti théng chinh
o, = 0,63810% Wb la:

F, =F6+F2+Fu+Fc+Fg=

= 1990 + 2150 + 12,9 + 64,4 + 283,7 = 4501 A.

Cac di€m khdc cla dudng cong tit hda cia may cing dude tinh
nhu vay.

Cau hdi

1. Tai sao tir thong tdn khéng cd tdc dung sinh ra s.d.d. ? Tai
sao tif thong tan chi chiém 10 + 20% tit thdng khe hd ?

2. Y nghla ctia hé s6 khe hd ky. Néu khe hé nhu nhau ma
mi¢ng ranh phan dng rong hay hep thi k; cd thay di khéng ?

3. Y nghia vat 1y cia hé s6 tinh todn cung cyc tét va chidu dai
tinh todn 16i sdt 1;.

4. N&u coi B’ = B, thi cd sai s6 gi ? Khi nao thi cé thé coi
12 bdng nhau duge ?
5.0 trang thai djinh mdc mdy dién thudng lam viéc & doan
naoc cia dudng cong ti héa ? Tai sao ?

Bai tap

M6t may phat digén mot chidu kich thich song song ¢d céc s6
liéu sau:

Cong sudt dinh mde Pym = 82 kW
Téc 4o quay dinh mc Pyn = 970 vgiph
Dudng kinh ngoai phlin dng D, = 368 cm
Chigu dai phlin ing l, = 28 em

(I, =1+ nb,)
Hé sd tan ti o, =125

5S4 ranh thong gid hudng tam a, = 3
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S ranh phhn dUng 2=

Chigu cac ranh h = 4 13 cm
Tist dien cuc tit 5, = 273 em?
Chitu cao gong tit h, = 6,5cm
Dién ap dinh muc U = 230V
84 doi cue p= 2

Budng kinh trong phln ung d = 1574 cm
Heé s8 tinh todn cung cuc tit as = 0,65
Chidu rdng cua rﬁr_ah thong gid hudng tAm bg =1em
Chigu rOng ranh b, = 1,04 cm
ChiBu cao cuc ti h, = 13,7 em
Tist dién géng tir S, = 145 em?
Khe hd khong khi d =062 ¢em

L6i sd4t phAn dng lam bdng thép k¥ thuat dién 2211 (hé s6 ép
chat k. = 0,95), cuc tif |1dAm bing thép tAm day 1,5 mm va gong
tit lam bAng thép dic.

Tinh s.t.d. cla mdt d6i cue va cia ch mdy dién cAn thiét d&
sinh ra mdt tit théng &, = 0,029 Wb lam cho may cé s.d.d. lae
khong tai E, = '
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Chuong 14

PHAT NONG VA LAM LANH
CUA CAC MAY DIEN

14.1. DAI CUONG

Céc t6n hao trong qud trinh bién d&i nang luong cha mdy dién
d2u th€ hién dudi dang nhiét nang lam nong cdc bo phéan cfu tao
cia may. T8n hao cang nhisn va mdy cang nong khi tai cia mdy
cing nang. Ngoai ra nhiét d6 cia mdy dién cdon phu thude vao
ch& d¢ lam viec lién tuc, ngdn han hodc ngin han lap lai. Vi vay
v6i k&t cAu kich thude cia mdy va ch€ d0 lam viéc nh&t dinh, tai
© cta may khong thé vugt qud muic qui dinh can ci theo dizu kién
nhiét dé tang cia mAay, khong duge vudgt qué muc cho phép cua
vat liéu dung trong m4y dién d6. Nhu vay thl viéc l1am lanh céac
may dién cd ¥ nghia rt quan trohg vi n€u gidi quyst t8t viée tan
nhiét lugng sinh ra trong mdy ra méi trudng bén ngoai thi nhiét
do tang cua may sé ha th&p, k&t qua la cé thé tang thém tai,
nghla 12 tang thém cong sufit clia mdy.

Trong chuong nay ta sé& nghién citu v& sy phat ndng va ngudi
lanh cila mAy dién, sau d6 sé xét dén cdc phuwong phép lam lanh
cac mdy dién. Trudc khi di vlo cdc vin d2 do ta hay xét cdc dang
truyan nhiét trong may dién va cdc ch& d¢ lam viéc cia méy
dién.

14.1.1. Su truyen nhiét trong méy dién

Sy truy2n nhiét va vdn dé tinh todn vB nhiét trong may dién

‘rdt phic tap vi toan bd mdy la mot mdi trudng khong dong nhét
A gom s4dt, thép, dbng, ch&t cdch dién, hon nita hinh dang mdy cing
khong don thulin. Tuy nhién nhiét lugng vAn truy&n tif trong ra
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ngodi qua con dudng truyén dén, bic xa va ddi luu.

Truyén nhiét do din nhigt. Trong méy dién hién tugng din
nhiét xay ra chd y&u ¢ cdc b6 phén thudc thé rdn (ddng, thép,
chidt cach dién). Nhiét lugng truy®n dlin qua hai dién tich S song
song cd nhiet do khac nhau 6, va 6, thi dy cla day quin va vach
ranh bang:

"ldn
Q = z) (14-1)

trong ds:

¢ - khodng cach giita hai mé&t song song;

A4, - he sO dan nhist.

Dé&i vai dong A4y = 385 Wim°C;

D8i véi thép Ay, = 20 + 45 Wim°C;

D6i v6i cach dién cp A A, = 0,10 + 0,13 Wim°C.

Thi du d6i vdi chft cdch dién cdp A khi thong Ivgng nhiét qua
b2 mat mot mét vudng Q = 2500 W, chidu day chdt cach dién
d = 0,5 mm, hé¢ s4 ddn nhiét cia chit cach dign 1, = 0,125 thi

AB4 = 8, - 6, = 10°C. N&u chidu day & 16n hon thi A9, cd thE
tai 20 + 25°C.

Truyén nhiét do bidc xa. Nhigt lugng cia mot vat theé den
x4m truy&n ra ngoai do bic xa bing:

Q = ay,S6T - o) (14-2)

trong dog:

S - dién tich mat ngoai cia vat thé,

BTI, BTZ - nhiét do tuyét ddi cla mit ngoai cha vAt thé va cia
mdi trudng xung quanh;

- hé s6 bie xa cd tri s6 5,65.10° Wim? °C*.

D61 voi cac may dién br, = 273 + 6 va 6, = 273 + 6, thay
ddi trong pham vi nhé nén (14-2) 6 thé' mé’t ghn ding nhu sau:
Q = 4,80 - Or) = 4,86, - 8;) = 1,546 (14-3)

241



trong dd hé s6 buc xa da bign d6i A,, 1a nhiét lugng bdc xa trong
modt don vi thdi gian tit mot don vi dién tich khi nhiét do tang
1°C. -

Truyén nhiét do d6i luu, B6 phan chit 1éng hoac hoai tiép
xtc vOi vAt ndng s8 tang nhiét 46 trd nén nhe va ndi lén trén
nhuting ché cho bd phan chit léng hodc hoi nang hon do c¢6 nhiét
d6 th&p. Qu4d trinh cd ti€p tuc nhu vdy va hién tuong dd gei la
hién tugng d&i luu tu nhién.

Tuong ty nhu & trudng hgp bdc xa, nhist lugng truyén dén ti
vat thé do d&i luu

Q = 4,546 (14-4)
trong d6 he s6 dfi luu A, la nhiét lugng tsuydn di tit don vi dign
tich trong mot don vi thdi gian khi nbiét d6 tang 1°C. Trong mdy
dién, ha s6 d6i luu cia khong khi bing 8 Wim*°C va hé s6 d6i
luu clia ddu méy bién 4p 16n hon khoang 15 + 20 ldn.

D¢ tang thém nhiét lugng truy2n ra ngoai, ta thudng dung déi
luu nhan tao bing cdch quat gis mit trong hodic mat ngoai cla
méy dién. Theo kinh nghiém thi trong trudng hop dd:

Iy = 1g(1 + CY¥) {14-5)
trong dd: .

v - t8c d6 tuong d6i clla gid so v6i bd mat duge lam lanh tinh
theo m/s; )

Cg - h¢ s6 kinh nghiém phu thudc vao mic do phdng caa b2
mét duge théi lanh.

Thi du d6i véi khong khi néu v = 25 m/s va C, = 1,3 ti1 theo
(14-4):

Ay = 8x 7,6 = 60 Wim?°C

Khi tinh todn v® nhiét trong may dién thudng xét chung -
- truygn nhiét do bic xa va d8i luu. Nhu vay:

Q = ASA® (14-6)
va | A=Ay + Ay '
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14.1.2. Céc ché d8 lam viéc va nhiét dd ting cho phép
cua may dign

Cédc may dién thudng cd thé€ lam viéc theo nhigu ché€ d6 khdc
nhau. Thi du mAy o6 th& 1am viéc vdi toan bd cong suft trong
thoi gian dai nhu trudng hgp may phat dign hoac ddng co kéo
may bom; hodc lam viéc ngin han nhu & trudng hop déng cd dién
chn tryc... Trong truydn ddéng (v ddng, mdy dién cd thé lam viéc
theo chu ky. Ngoai ra may dién cd thé 1am viée voi tai thay déi.

Véi cac ch& 46 1am viéc khac nhau tinh trang phdt ndng cla
miy dién khdc nhau. D€ lgi dung t6i uu vat lidu ch& tao, phai
thi6t k&€ may dién theo tung ch& 46 1Am viéc cu thé sao cho khi
lam viéc cdc bd phan cia may phat ndng sat vai quy dinh. Tuy
nhién ta khéng thé quy dinh nhidu ch& d9 |am viéc nhu tdn tai
trén thue t& ma chi dat ra cdc ch& d6 lam viéc sau day:

1. Ché d¢ lam viéc dinh mue lién tuc: O ch€ do nay, nhiét do
tang cia cdc bd phan may dat t&i tri =8 xde 1ap (véi didu kién
nhiét dé tang cla cdc mdi trudng xung quanh khéng d8i).

2. Ché& d¢ lam viéc dinh mitec ngén han: O ch& d6 ndy thai
gian lam viéc cia may khdng di dai d€ nhiét d6 cdc bd phan cla
mdy dat dén tri s6 xdc l&p va sau do th¥i gian may nghi du dai
dé nhist d6 may ha xufng bing nhiét d6 méj truiing xung quanh.

3. Ché d¢ lam viéce gian doan ldp lgi: O che 40 nay céc thoi
gian mdy lam viéc va nghl trong mot chu ki khéng du dai aé
nhiét dé cdc b6 phan clia may dat dén tri s§ xdc lap. Ch& d6 lam
viée nay duge dac trung bAng ty s6 gitta thdi gian lam viée va
thoi gian cia mot chu ky iam viée va nghl. Theo quy dinh céc
mdy dién ding & ché d) lam viéc gian doan lap lai dugc ché tao
véi eac ty s8 15; 25; 40 va 60%.

Can cha y rang dai b phan may dién duge ch& tao d€ dung &
ch® d6 lam vigc dinh mie lign tuc.
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14.2. SUY PHAT NONG VA NGUQI LANH CUA MAY DIEN

Nhu ta da bist, cdc mdy dién dBu c6 cdu tric phic tap gom
nhi2u bd phan cd hinh dang khdc nhau va lam lanh bdng cdc vat
lieu c6 dd dAn nhist khong giéng nhau. Khi méy lam viéc, nhist
d6 cia 16i thép, day quén khéng bing nhau do d¢ c6 su trao ddi
nhidt lvgng gida cdc bo phan. Hon n@ta, nhiét d9 cda chdt lam
lanh nhu khong khi, chat 16ng & titng khu vyc trong may cing
khdng gifng nhau. Nhu vAy viéc tinh todn phugng trinh truyan
nhiét trén co ¢ xem nhu mdy dién la t8ng hop cia nhitu vat thé
¢d6 trao d6i nhiét Iugng cho nhau va cd xét d&n nhitng yéu td v@
cfu tric gap rit nhigu khd khan. Vi vay & day Jd€ xét hién tuong
phdf ndng va ngudi lanh cia mAy dién mot cdach dinh tinh ta cd
thé dung phuong trinh truyén nhiét cia vat thé dd3ng nhdt.

14.2.1. Phuong trinh phét ndng cua may dién

Gia th¥ nhiét 44 ban dAu cha may, cing 13 nhiét do cia mai
trudng xung quanh 1a §,. Néu mdy lam viée vdi tai khong d8i va
nhiét ldgng phat ra trong mot don vj thoi gian 1a Q thi nhiét
lugng sinh ra trong thdi gian de 1a Qdt. Mét phdn nhiét hugng do
lam tang nhist d& cia mdy va mot phin tin ra moi trudng xung
quanh. Phéin nhiét lugng |Am t&ng nhiét lugng may bang GCdF,
trong d6 G - trong lugng may; C - ty nhiét va d9 - nhiét do tang
trong thai gian dt. Phan nhist lugng tdn ra ngodi do bic xa, d6i
ltu trong thoi gian dt bdng SA (@ - 6)dt, trong dé (9 - 6,) la
nhiét do chénh leéch gita may va moi trudng xung quanh; S -
dién tich mat ngodi cia mdy; 1 - hé s§ tin nhiét tit mat ngoai
cita may do d6i luu va bdc xa. Nhu vy phuong trinh c4n bing
nhiét cta may sé nhu sau:

Qdt = GCdé + 818 - 6 )dt . (14-T)
Tach riéng cde bién 38 ta cé: -

dt dg

& " g (14-8)

—_— — + 6,- 8

S4 54
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Sau khi 14y tich phan:
t
GC
T -
‘Véi diéu kién ban ddut = 0,60 = 6, tu (14-6) ta xdc dinh
duge hing s6 tich phan C = In Q/SA va két qua cubi cling sau khi
da chinh 1y c6 dang:

=-ln{—Q-—+90—9]+'C
S

6c

Q

Si
6=—1[1-e¢ ]1+86 (14-9)
51

Q

Tu (14-9) ta thy khit = «, 8, = 8 + Q/S1 va nhiét do tang
xac ldp cla may la:
=8, -6, = i— (14-10)
S1
Nhist do tang d6 cang Ién néu Q ldn va S, 1 nho.
Lugng GC/84 = T trong (14-8) duge goi la hing s6 phdt ndng.
Dé thiy ¥ nghia cta nd, néu vist:

GC Q _ GCe, - 8,)

= — m—— (14-11)
Q M X
thi ¢t s86 GC (¢, - 6,) chinh la toan bé nhiét lugng tich lay trong
8 mdy khi nhiét dd t&ng bang

{6, - 8, va T la thdi gian
cin thict d¢ dat dugce nhiét
do tang do khi nhiét luong
chi tich liy trong may va
khdong tdn ra moi trudng
bén ngoai.

Két hap (14-8), (14-9;
6 I 3 it f  va(l4-T ta duge deng cufi
ciung cuz phucong trinh phat
nong cia may:

Minh 14-1. Dudng phét néng cua méy
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8 = 0,41 - ') + gev? (14-12)
va dudmg bifu dién tudng dng nhu trén hinh 14-1.
Nhiét d6 tang cia mdy & thai diém ¢ sé la:
A8 =6-6,=0,1-e"NH.6, -
= A8, (1 - e . (14-13)

14.2.2. Phuong trinh ngudi lanh cua mdy dién

Gia thd mdy dang lam viéc 6a dinh & nhiét d@@l trong lic
nhiét df clia moi trudng xung quanh la 9. Sau khi may nging
Jam vigc, nhiét d§ cha may s& giam d&€n nhiét do cha méi trudng
xung guanh. Phuong trinh cin bang nhiét gidng nhu & trén vai
Q=20

GCdo + SA (9 - 6)dt = 0 (14- 14)

Nghiém cta phudang trinh (14-11) la phuong trinh nguéi lanh
cia m4ay:

§=06,(1-e"N+ge’ (14-15)
vHi dudng bifu dién tuong Ung duge trinh bay trén hinh 14-2.

14.2.3. Tinh toan nhiét cda may dién & cac ché dd 1am viéc
khéc nhau

. Ché& d¢ lam viéc

lign tuc
Trong trudng hap nay,

. 8d phdt ndng vA ngudi
. lanh cla may dién bifu
" dién theo cdc dubing cong
‘' trén hinh 14-1 va 14-2.
: Viéc tinh toan nhiét
khi thi&t k& may dien g 2f 3T & ¢
tuogng d48i phdc tap-va
. duge tign hanh nhu sau.

Hinh -2 DUSng ngudi lanh cda may
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Tit cdc tdn hao dng véi tai dinh mic & cde bé phén may da bi&t
sau khi tinh todn vé dién tit va so 48 ké&t cu vEé mat nhiét, cd
thé xdc dinh duge chidu va lugng cua dong nhiét thedt ra khdi ba
mat duge lam lanh. Sau dd can xdc dinh tdc dd gid (hodc cdc
ch&t 1am lanh khac) & titng b mat duge lam lanh va bat dau
tinh nhiét do giang ti trong ra ngoal bao gdm: nhiét 44 gidng
trén 18p ciach dién cia day qudn A6, theo cdng thic (14-1);
nhiét do gidng trén 16i thép gitla ddy qudn va mat ngoai A8 cling
theo (14-1); nhiét dd gidng gilta b& mat duge lam lanh va khong
khi A6, theo (14-6) va nhiét 40 tang cia bdn than chét lam
tanh khi chuyén déng trong cdc ranh thong gis Af,. Téng cia
nhing nhiét d6 tang dé hay 14 su chénh nhiét do gifta day quédn
va chat lam lanh dua vao mdy pbai nhd hon tri sd nhiét dd tang
che phép A8, da quy dinh v3i tung loai diy quin:
Afy, = A8y + BB+ AB + AB) < MG, (14-16)

Can chu ¥ rang, cdch tinh gan ding trén chi pha hop véi thue
1€ khi ¢0 cde s6 ligu thyc nghiém chinh xac.

Ché dé lam viéc ngédn han

Vigée tinh todn vé nhiét § ché dé nay dua vao két qua tinh -
todn O ché da lam viéc lién tuc. Gid thi thdi gian lam viéc ngan
haa la t , thi theo (14-13) nhiét d¢ tang cta mdy la:

A8, = A8, (1 - "'y T 141

Vi nhiét d6 tang cudi cing khi 1Am viéc & hai ch& 46 ¢d thé
bang nhau nghia la A8, = A6, nén khi lam viéc nghn han cho
phép A6, trong {14-17) ¢6 tri s6 16n hon khi lam viéc dai han va
ky hiéu bang AB 4oy S2O cho:

1
Aﬁxwh) = A'gac (m) (14-18)

Nhu vay néu kich thudc méy nhu nhau thi khi lam viéc ngén
han, cho phép tdn hao trong may (hay nhi¢t lvgng tuong dng)
nhigu hon néu cd thé ting thém cong suft may. '
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Ché d¢ lam viéc gidn doan lap lai
Goi thai gian may lam viéc va nghi trong mét chu ky la t, va
¢ t, thi dudng biéu dién
nhiét do cda may & ché&
Q'_ __________________ _ d6 nay la dudtng gay
! ‘ khic III nhu trén hinh
o 14-3. N&u cong suét khi
3 _W mdy lam viéc lién tuc va
+ giai doan lap lai nhu

.-
).

i
. 1T
A3 I | ; ! 5 g nhau thi cdc doan cua
1 | \ | | N . ¢ -
3 . 4_{__‘__'_%_ "l[";"'—_" dudng gidy khuc chinh la
! I L l cic doan & nhiét do
g : % bl :L ! E \ tudng dng cta cde dudng

-

cong phdt néng I va
ngudi lanh II. Thi du
doan I-2 tudng dng voi
1°.2% 2-3 tuong dng voi
2m.3", ..

|

HInh 14-3. Dudng cong phat nong ¢
ch8 df ldm viéc gidn doan I3p lai

Sau mot s6 chu ki thi nhiét d9 cia may khong tang va dao
© dong gilla hai tri s6 0, va 6, vA r6 rang la 8, < 0, (8, la
" nhist d¢ xdc lap khi lam viéc dai han), vl vy trong digdu kién lam
lanh nhu nhau, khi lam viéc & ch& db gidn doan lap lai cho phép

AB

o

- tAng cfng sudt mdy theo ty sd , trong d6 A8, = 6, - @

o
max

* 14.3. VAN DE LAM LANH CAC MAY DIEN

1

14.3.1. Céc kiéu clu tao cua cac may dién

Ki8u cfu tao cia may dién phu thudc vao phuong phdp bio vé
may d&i véi méi trusng bén ngoai. CAp bdo vé dugc ky hidu bang
chit IP kém theo hai chi s6, trong dd chit s6 thid nhét gbm 7 cdp,
duge ddnh s tir 0 d&n 6 chi mic 49 bao vé chdng su tiép xuc cta
ngudi va vat roi vao mdy; chit s6 th hai gdm 9 cdp, ddnh s6 tir
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0 dén 8 chi mifc 44 bao vé chdng nudc vao mdy. S8 0 & ca haj
chit $6 chi rdng may khéng duge bac vé gl ca

Thuong ¢d thdi quen chia ki€u cu tac mdy dién nhu sau:

Kidu ho. Cac may thudc loai nay khong cd cédc by phan che
chd dé tranh cac vat tif ngodi cham vao phan quay hodc céc bd
phin didn dién clia nd. Loai nay thudng dugce ddt trong cdc nha
mday hoac phong thi nghiém va khéng tranh duge 4m udt (ky hiéu
la [P0O).

Kidu bdo vé. Khac kidu hd & chd cd cdac tém chén cd thé tranh
duoc cdc vat va nude roi vao may va chd y&u cing duge dat
trong nha {cdp bao vé tit IP11 dén [P33).

Kiéu kin. M4y dién kin c¢d vé bao boc cach biét phin trong
may véi moi trudng bén ngoai va thuong dude ding & nhing noi
dm udt ké cd.ngoai trdi. Tuy theo muc do kin, cdp bdo vé cd tit
IP44 trd 1én.

14.3.2. Cac phuong phap lam lanh may dién

Theo phuong phéap lam lanh, cdc may dién duge chia thanh:

May dién lam lgnh ty nhién. May dién thudc loai nay khéng
cdé bo phan thdi gic lam lanh, do dd céng suft chi han ch& trong
khodng vai chuce odt hode vai tram oit nén ¢d canh tidn nhist dé
tang thém bé mat tdn nhiét.

Mecy dién lam lanh trong. O loai mdy nay, su tulin hoan cia
gid bén trong mdy duge thue hién nhd quat gid dat dau truc. D6l
véi mdy cong suft nhé, v6i chidu dai bé hon 200 + 250 mm, gic
chi théi doc truc theo khe hd giita stato va rdto va lam theo cdc
ranh théng gid doc truc & 16i thép stato va réto (hinh 14-4).

Khi cong sufit may ldn, chidu dai cia may tang thi nhiét d¢
gid doc chidu dai cia may sé& khong déu, vi vay phai tao thém cdc
ranh thong gid ngang truc. Trong trudng hdp nay, 16i thép duge
chia thanh tirng doan dai khodng 4 ¢m va khe hd giita cac doan
khodang 1 cm. Gid sé di vao hai diu rdi theo cde rdnh ngang true
va thoat ra o gida than mdy dé rdi lai trd v& hai dAu (hinh
14-5).
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Hinh 14-4. H# thdng 0i6 doc truc Hinh 14-8. Ha thdng gié ngang teuc
clla may dign mdt chidu cha mAy didn mdt chibu

May dién tu lam lanh mdat ngoai. Trong truong hgp nay méay

thudce ki€u kin. O dau truc bén ngoai méy cd dat quat gid va nip

|m,,.__, .t 4

o

Hinh 1a.8. May didn ty lam lanh mit ngoai
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D¢ tang dién tich cia be® mat [am lanh, than may duge dic cd
canh tdn nhiét. Thong thubng trong mdy cing cd dat quat gid dé
tang téc dé gid trong may, do d¢ ting thém sy trao ddi nhiet
gitta 18i va vo.

May dién lam lanh déc I¢p. O céic may dién lén, quat thudng
duge dat riéng & ngoai d€ hit gid dua nhiét lugng trong may ré
ngoai. D& tranh hiit bui vdo mdy cd thé dimmg hé théng lam lanh -
lon. Trong trudng hop d6, khong khi hoac khi 1am lanh sau khi &
miy ra duge dua qua bd lam lanh rdi lai duge dua vao mdy theo
mot chu trinh kn nhu trinh bay trén hinh 14-7.

May dién lam lgnh tryc tifp. Khi cong
suit eda mdy dién 1dn khoang 300 + 500
ngan AW thi hé 1am lanh kin bang khi
hydrd vin khong di hiéu lwc. D&i vdi cac
may dién d6, day quin duge ché tao bang | 1 |
cdc thanh ddn réng trong cd nudc hoac
dau chdy qua dé duge lam lanh truc ti&p. L
Nhu vAy nhiét lugng cia ddy quén khong
phail truy@n qua chét cdch dién ma duge
nudec hodc diu truc tifp dem ra ngoai, do doc 18p v Kin
dd cd thé tang mat dé dong dién trong | 14y gien 2 bd 1am
thanh din lén 3-4 lan va giam kich thude lanh; 3. quat
may, ti€t kidm vat lieu ché& tao.

Hinh 14-7. H& lam lanh

Céau hdéi

1. Phuong trinh phat ndng va ngudi lanh clia may dién.
Nghiém cta cdc phuong trinh d6 ¢ dang nhu th& nao ?

2. Tit mot di€m b4t ky trén dudng cong phat ndng cia may,
ké dudng ti€p tuyén va dudng song song v6i truc ding gap dudng
@ = &, song song vd4i truc ngang ¢ hai di€m m va n. Hay ching
minh rdng doan mn chinh bang hing s6 thoi gian phat ndng T.
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PHAN THU BA

MAY DIEN KHONG PONG BO
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Chuong 1§
DAl CUONG VE MAY DIEN KHONG DONG BO

15.1. PHAN LOAI VA KET CAU

15.1.1. Phéan toai

Theo k&t c8u cda v6, may dién khong ddng bo cd thé chia
thanh cdc ki€u chinh sau: kigu hé, kigu béo v&, ki€u kin, kifu
phong né, v.v...

Theo két cdu cua roto, may dien khéng deng bd chia lam hai
loai: loai réto kifu day quén va loai réto ki€u 1dng sdc.

Theo s6 pha trén day quin stato c¢d thé chia thanh cdc loai:
mot pha, hai pha vi ba pha.

15.2.2. K&t cdu

Gifng nhu cdc mdy dién quay khdc, may diér knong dong hd
gbdbm cac bé phan chinh sau.

1. Phan tinh hay stato

Trén stato co vd, 151 st va day quén.

a. Vo mdy

V4 may cd tdc dung c6 dinh 161 s4t va day quidn, khong dung
dé€ lam mach din ti. Thudng vé mdy lam bang gang. D&i voi
mdy ¢0 cong sudt tuang déi lon (1000 £W) thudng dung thép tdm
han lai lam thanh vé. Tay theo cdch lam nguéi may ma dang vé
ciing khac nhau

b. Lai sat

L6i sat 1a phan ddn tir. Vi tit trudng di qua 18i sét 1a tit
trudng quay nén dé gidm tén hao, 18i sdt dugc lam bing nhitng
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ld thép ky thuat dién
day 0,5 mm ép lai. Khi
dudng kinh ngoai 16i g4t
nhké hon 990 mm thi
diung cd tdm tron ép lai.
Khi dudng kinh ngoai
lén hdn tri s8 trén thi
phai dung nhing tdm
*hinh ré quat (hinh 15-1)
ghép lai thanh khéi tron.

M4di 14 thép ky thuat dién déu cd phi son cach dién trén be
mat d€ gidm hao tdn do déng dién xody gay nén. N&u 161 sdt
ngdn thl cé thé ghép thanh mot khai. Néu 16i sat dai qua thi
thutng ghép thanh titng thép ngan, mbi thép dai 6 dén 8 cm, dat
céch nhau 1 ¢m dé thong gid cho tot. Mat trong ctia la thép co xé
ranh d€ dat day qudn.

Hinh 15-1. L4 thép ky thuit dién hich ré
quat ding d& ghép 16i sdt stato cua
may dign khbng dong b3 cd via va Mn

c. D&y quan

Day quén stato duge dat vao ciac ranh cia 167 sat va duge cach
dién t8t voi 16i sat. Kidu day qudn, hinh dang va cdch bé tri day
quin d& duge trinh bay & phan thi hai (Chuong 8.

2. PhaAn quay hay rdto

Phin nay cd hai bé phan chinh 1a 15i sat va day qudn.

a. Lai sét

Ndi chung thi ngudi ta diang céc 1a thép k¥ thuat dién nhu &
stato. L6i st duge ép truc ti€p 1én truc mdy hoac lén mot gia
roto cia may. Phia ngodi cia ld thép cé xé ranh d€ dat day quéin.

b. Day quén réto

Phan lam hai loai chinh: leai roto kidu ddy qudn va loai réto
ki€u idng sdc.

- Loai réto kiéu déy qudn. Roto cd day quén gi6ng nhu day
quédn stato. Trong mdy dién c& trung binh tré 1én thusng ding
day qudn ki€u scéng hai 16p vi bot duge fhitng day ddu néi. két
cu day quén trén rdto chat ché. Trong may dién ¢d nho thung
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ding day qudn dong tAm mot l6p. Day qudn ba pha caa réto
thuting d4u hinh sac, cén ba diu kia duge néi vac ba.vanh trugt
thudng lam bang ddng dat cd dinh d mot diu truc va théong qua
chdi than cd thé ddu véi mach dién bén ngoai. Dac di€m cia loai
déng co dién roto kiéu day quan 1a cd th€ thong qua chfi than
dua dién trd phu hay s.d.d. phy vao

mach dién réto d€ cai thién tinh nang 3
md mdy, didu chinh téc d& hoac cai
thién hé s8 céng suit cua mdy. Khi
may lam viéc binh thudng day qudn
roto duge néi ngin mach.

- Logi réto kidu 1dng siéc. Két cdu $
ctia loai day quiAn nay rdt khic vai day
quén stato. Trong mdi ranh cha 16i sét
r6to dat vao thanh din bang ddng hay
nhém dai ra khéi 16i sat va duoc ndi tdi lai & hai d3u bang hai
vinh ngén mach bang dbng hay nhém lam thanh mot cdi long
méa nguoi ta quen goi la 1dng séc (hinh 15-2),

i

T

Hinh 15-3. Nhing kifu rénh d&c bt cua rdte lBng séc:
1. Ranh say; 2. Rdnh hai 18ng sée thanh dén bing ding (a) va dic nhdm (b)

.
s v *

.

Winh 15-2. Ddy quin rdto
kiéu I1Bng séc lam bing ddng

=
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Day quén ldng sdc khong can cach dién vai 16i sat, D€ cai
thién tink nang mé& may, trong may cong sudt tuong déi 1on,
rAnh roto ¢é thé lam thanh dang ranh sau hoac lam thanh hai
ranh 16ng sdc hay con goi la long sde kép (hinh 15-3). Trong mdy
dién c@ nhd, ranh roto thudng duge lam chéo di mot goe so vdi
‘tdm truc. '

3. Khe hé

Vi réto 1a mét khéi tron nén khe hd d2u. Khe hd trong may
dién khong dong bd rdt nhé (tir 0,2 dén 1 mm trong may dién co
nhé va vita) dé€ han ché dong dién tit héa 14y tir ludi vao va nhu
vay mdi cd th€ lam cho hé s8 cong suit cla may cao hoan

K&t cdu cia dong co dién roto lang séc va déng co dién roto
day quéh dugc trinh bay trén cac hinh 15-4 va 15-5.

=12

#inh 18-4. Déng cd dién réte [Bng séc

15.2. CAC LUQNG DINH MUC-

Ciling nhu tdt cd cdc loai mday dién khdc, may dién khong dong
bé 6 céc tri s6 dinh mic dac trung cho difu kién k§ thuat cia
may. Cdc tri 6 ndy do nha mdy thiét k&, ch€ tao quy dinh va
duge ghi trén nhan may. Vi may dién khong déng bo chd yéu lam
vigde & ch€ do dong co dign nén trén nhan mdy ghi cdc tri 6 dinh
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muc cia ddng co dién khi mdy tdi dinh mdc. Cac tri sd dd
thudng bao gdm: ctng suft dinh miuc & dau truc Py (AW hay W);
dong dién day dinh muc I, (A); dign dp day dinh mdc U, (V);
cdch dfu day (Y hay A); t6c d6 quay dinh mde n, (vg/ph); hiéu
suft dinh mic 5, vd hé s6 cOng suit dinh mic cosp, ...

Tit cde tri s6 dinh mite ghi trén nhan may c6 the tim duge cdc
trj sd gquan trong khdc nhu:

Cong sudt dinh mic ma doéng co dién tigu thu:

dm
Pram = = V3 Uy Lincospyp,
Tdm

Moémen quay dinh mie & dau truc:

Pym 1 P
Mgy =—2— = 097522 kGm,

2nng.

trong d6 w = la t6c 4 quay tinh bing rad/s.

18.3. CONG DUNG CUA MAY DIEN KHONG PONG B

Mdy dién khong ddng bs 1A loai may didn xoay chidu chu yéu
diing lam déng co dién. Do ké&t cfu don gidn, lam viéc chée chih,
higu sufit cao, gid thanh ha nén déng co khéng ddng bd 1la moét
loai may duge dung rdng rai nh4t trong cdc nganh kinh t€ qudc
dan véi cOng sufit tit vai chuc d€n hang nghin kiléoat. Trong cong
nghiép thudng ding mdy dién khéng ddng b6 lam ngudn doéng luc
cho méy cén thép loai vita va nhd, déng luc cho cdc mdy cdng cu
& cdc nha m4&y cong nghiép nhe, v.v... Trong him mod dung lam
may t¥i hay quat gid. Trong néng nghiép dung dé€ lam miy bom
hay may gia cOng néng san ph&m. Trong ddi sdng hing ngay,
may dién khong ddng bd cing din din chiém mot vi tri quan
trong: quat gid, mdy quay dia, déng co trong td lanh, v.v... Tém
fai, theo sy phét trifn cia nBn san xufit dién khi héa va tu dong
hda va sinh hoat hang ngay, pham vi dng dung cia mdy dién
khong ddng bé ngay cang réng rai.
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Tuy vAy, méay dién khéng ddng bd cé nhitng nhuge di€m nhu:
cosp cua mdy thudng khéng cao l&m va dac tinh digu chinh téc
d0 khéng tdt nén ing dung cia may dién khong ddbng bo co phan
bi han ché&.

Médy dién khong déng bd cd thé ding lam mdy phat dign
nhung dac tinh khong tét so v4i mdy phat dién ddng bo, nén chi
trong mot vai trudng hgp ndo d6 (nhu trong qué trinh dién khi
hda nong thon) cAn ngubn dién phu hay tam thdi thi nd cing cd
mét ¥ nghia quan trong.

Cau hoi

1. Mot dong co dién khﬁﬁg dadng bd roto day quidn, day quén
stato ngan mach. Cho dién xoay chitu ba pha tan 88 f, vio day
quén rdto ti trudng quay so voi roto quay téc 44 n; theo chidu
kim dang h®. Hoéi lic d6 réto quay theo chitu nao? Tinh toan hé
sd trugt s nhu thé& nao? Khi s = 0 thi tdc d6 bang bao nhisu?

2. Tai sao mdy dién khong ddng b 1a loai mdy dién duge ding
réng rai nhat? '

3. May dién khong dbng bd thuding chia thanh nhimg loai nao?
Pdc di€m cua timg loai?
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Chuong 16

QUAN HE DIEN TU TRONG MAY DIEN
KHONG DONG B8O

16.1. DAI CUONG

Noi chung trén stato cia may dién khéng déng bd cd day quan
m, pha (thuﬂ?g m; = 3), trén rdto cd day qudin m; pha (m, = 3
ddi vdi dong co rova.ddy qudn; con déi véi dong co réto 1dng sde,
m, > 3 - day quéin nhiéu pha). Nhu vay trong may cd hai mach
dién khong ndi v6i nhau va giita chiing chi cd sy lien hé v& cam
Wng tu. Khi may lam viéc binh thuéng, trén day quén stato cd tir
thong tan ¥a tuong dng cé dign khdng tan, trén day quin réto
cing vAy va giita hai day quin cd hé cAm. Vi vay ta cd th€ coi
mAy dién khong ddng bd nhu mdt m.b.a. ma day quén stato la
ddy quén so cfp, ddy quén roto 1a day qudn thi cfp va su lién hé
gita hai mach dién so c8p va thd c4p la théng qua tit trudng
gquay (& mba. 1a tit trudng xoay chidu). Do dd ed thf€ diang cach
phén tich kifu m.b.a. d€ nghién cdu nhitng nguyén ly lam viéc co
bdh cla mdy dién khong ddng b6 nhu: thist lap cdc phuong trinh
cg ban, mach dién thay thé&, dd thi vécto,... v& phn nao s dung
nhilng két qua dat duge khi phan tich mb.a.

Can chd y la khi phan tich nguyén iy co badn cda mav dién
khong ddng b6, ta chl xét dén tac dung cta sdng co bun ma
khong xét dén t4c dung clda séng bac cao vi tdac dung cta ching
& tha yéu.

16.2. MAY PIEN KHONG DONG BO LAM VIEC
KHI ROTO DUNG YEN

Binh thudng kht 1am viéc, day quén réto cia mdy dién khong
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dong bd duge néi nghn mach va may quay vdi mét t6c do6 nao dd
{n # 0). Nhung cd mét 86 quan hé ma khi réto dding yén (n = 0)
vAn tdn tai vaA qua trang thai dé cd thé hidu mot cdch dé€ hon
nguyén 1y lam viéc eda mdy dién khong ddng bd. Vi th€ trudc hét
ta sé nghién ciu trudng hgp rote ding yén. Thuc ra c¢d thé coi
déng co dién lic md mAy ndm trong trudng hdp nay.

" Dat moét dién 4p U, co t&n s8 f| vio day qudn stato, trong day
quén stato sé c6 dong dién I, tin s6 f|; trong day quén roto cd
dong dién I,, tAn s6 cing la ;. I| va I, sinh ra s.t.d. quay F, va
F, cd tri s6 (nhu da biét trong phan thid nhat, Chucng 3):

m, v’f w,k
1= - b — A4 L
(16-1)
mzwf2_ Wzkdqz [

a P

F2=

2

-

trong do:

m,, m, - s§ pha cia diy quén stato va réto;

p - s6 dbi cuc; 7

Wy, W, kdqp kdq2 - sd vbng day ndi tigp trén mot pha va hé =6
day quén stato, roto.

Hai s.t.d nay cang quay v6i t6c d6 ddng bo n, = 60f /p va tac
dung vdi nhau dé€ sinh ra s.t.d. tdng trong khe hd F_. Vi vay
phuong trinh cén bang v@ s.t.d. cd thé viét:

F + F‘2 = F (16-2;
hay:, F = F + (— Fz)

Giéng nhu cach phan tich m b.a., & day cd thé coi nhu dong
dién stato I, gdm hai thanh phin: mét thanh phan 14 I tac nén

- mvZ wlkdql‘ - .
std. F, = —— ——— 1, v& mot thanh phin la (- I';) tao nén
b4 P :
Sy m,v2 ©ikgqr :,
std. (- F'5) = - I bu lai s.t.d. F, cia dong dién
n.o P
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thi cép iz. Nhu vay ta cd:
].:l = Fu + (" I2)
hay: I+ 1, =1, (16-3)
) So sanh s.t.d. F, do dong dién [, cia réto va thanh phan I3
cia dong dién stato sinh ra, ta co:
m,v2 w,k mvZ wk, -
2 2™dq2 12 1 1%dql I:

x D b4 r
Tit dd thm ra dugc ty s6 bign d6i dong dién:
i, m,w. k.
k = £ = 1 17ddd _ (16-4)

1
L mywokgy
Dong dién quy ddi cla r6to sang stato bing:
I
[2 =.__2 .
k,
Tit thong chinh ® do s.t.d. F_ sinh ra trong khe hd quéi qua
hai day qudn stato va roto va cam dng & dd nhitng s.d.d. ma tri
s6 bAng:

E, = 444fw k, &
l 1¥1Eaq1 (16-5)

E; = 4446wk, ,®
Khi roto ditng yén, f; = f, nén ty s0 bién d6i dién 4p cua may
dién khong déng be bang:
B w,k
k, =—b = — 4! (16-6)
E, Wokyq2
Quy dbi E, sang bén so cfp ta dugc:
E; = E| = kE,

Do tit théng tan cda stato ¢, nén trong day qudy stato sé
cdm dng nén s.dd. tin E; = -j[|x;, trong d¢ x, 13 dién khang
tdn cda day guén stato. Néu xét ca dién 4p roi trén dién trd r,
cia day quén stato I;r; thi phuong trinh can bang vé s.d.d. trong
mach dién stato bing:
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U, = B + B,p + Ir = -E, +1ir, +jx,.
-E, + Iz |

(16-7)
trong dd 2, = r, + jx, la tong trd cia day quén stato.

Trén day quin roto cang viay. Do day quidn r6to ngin mach,

nén phuong trinh can bang vé s.d.d. trong mach dién réto nhu
sau:

0=-E,+ izu-2 +x) = - By + 1,2, (16-8)
trong do: ' .

- dién trd roto bao gdm ca dién tré phu méc vao néu co;
X, - dién khdng tan trén diy quén roto;
z, = T, + jX; - téng trd cla day quin roto.
Cung gidng nhy 0 mb.a. ta of thé viét:

-E—[z I(r + jx,) (16-9)
trong do:

I, - dong dién tit hia sinh ra sic tit déng F;

r, - dién tré tir hda dac trung cho tdn hao séit;
X, - dién khang ti hda bi€u thi sy hd cAm giita stato va roto.
Mudn qui d6i dién tré va dién khing roto sang bén stato phai
dp dung nguyén tic tdn hao khong d6i va gdc pha gitta E_ va I
khong d8i. Khi qui ddi r, ta cd:
mul‘grz = mII’ir.'Z
tir dd ta duge:

m I m, mw,k
r‘z =_'2 { 2)21'2 = ‘(—l——l—-‘m )zrz
m, [ m; m,w,ky.,
= kJkr, = kr,

(16- 10}
trong d6 k =

kk la he s6 q\vly d8i cua tng tra.
Khi quy ddi x,, ta cg:

x X
tng :—_'.2- = -.3.—

T 2
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T2

va duoc X, =-—"%, = kx, (16-11)
1 %) .
Khi viét phucng & A
trinh trén ta coi T’

nhu truc d4y
quén stato va roio
cung pha trung
nhau (hinh 16-1a).

Trong trudng
bgp chung, giad
thi day quin réto
lach véi day quéin
stato moét gde
khong gian S theo
chidu cua tit
truong quay
(hinh 16-1b), thi

b)

al
Hinh 18-1. SO0 dB may dién khdng dBng b8 cé truc
déy quéin statc va rH1o cung pha trang nhau
(a) vd léch nhau m§t goéc § ib)

khi tir truéng quay quét qua cdc day quin ta cd:

1

E, =—FE e'j’fi
: E, 1 E, .
] va IZ = = _l e'yi
zZ kc z2

Ta th&y khi day qudn réto dich phia trudc diy quédn stato mot
goc khong gian § thi s.d.d. va dong dién clGa nd cham sau mot
goc pha 8 ve th#i gian so vdi khi hai day quin cung pha 26 tryuc
trung nhau. Trong trudng hop dg, bién d6 cia st.d. quay F, do
dong dién cla réto I, sinh ra sé& dat tdi vi tri trung voi truc pha
clla day quén réte (thi du pha a) cham mot khoang thai gian ing
vai thoi gian chn thigt dé F, guay di mot géc 8. Vi & day (hinh
16-1h) truc pha a cta rdto da od vi tri vugt trude truc pha A cia
stato mot goc B, nén s.t.d. F, cd vi tri tuong d8i so véi s.t.d. F|
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hoan-toan gifng nhu khi truc hai day quidn stato va réto trung
nhau nhu da xét & trddng hop cie hinh 16-1a. K&t qua 1a s.t.d.
téng F, va tir thong téng tuong ding sé khong d6i, do dd trj s6
cia s.d.d, dién dp, dong dién dBu khéng thay d6i.

Tit phan tich trén ta rdt ra két luan 1a ¢ moét thyi di€m nh4t
dinh, truc s.t.d. c@a réto so v&i vi trl cia day quén stato van
khong vi vi tri cda day‘quﬁn réto ma thay d6i. Do d6 phuang
trinh cAn baAng vé s.t.d. (16-2) viét trén vAn dung. Khi truc day
quén roto 18ch véi truc day quén stato cing pha thi chl c6 s.d4.d. -
va dong dién léch di moét gdc pha théi. Nhung vl ching ta chl cin
gidi ra dong dién va s.d.d. cia stato, con roto chi tdc dung lén
stato théng qua s.t.d. cia nd, cho nén khi § = 0 hay § = 0 ta coi
nhu & bén stato khéng eo gi thay d8i, vi vay la diung trudng hop
B = 0 d& lap quan hé giiia stato va r6to. Nhu vay cd th€ tranh
su phuec tap khi xét thém gde B.

Tdm lai cac phuong trinh co ban dac trung cho tinh trang lam
viéc ngdn mach cia may dién khong ddng bo khi qui d48i sang
stato bao gbm:

, 61

Khi roto ding yén ma day quén roto ngdn mach, néu muén
gi6éi han cdc dong dién I, va 1, trong day quén stato va roéto dén
céc trj s6 dinh mdc cla ching thi cing nhu & m.b.a. lic agdn
mach cin phai giAm thép dién ap dat vao. Dién ap 4y (goi 1a dién
ap ngén mach) vao khoang 15 + 25%U, . Cung do dé ma s.d.d.
E, trong mdy nhé di rft nhi2u va tit cdng thic (16-5) ta thdy, tir
thong chinh trong mdy rat it, nghla la s.t.d. it héa F_ rét nhd so
véi F, va F,, do dd trong phunng trinh (16 23 ¢6 thé bd qua F,
Lic do ta co: F + F F
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hay: il + i‘z = 0 ) 116-13)
Thay (16-13) vao phwong trinh thi tu ciz (16-12) cd thé tinh
duge dé dang dong dién stato I:

- U, _ U
I . -
z, + 2 z,
trong dd: z, =z, + 23 = (r; + 13} + jix; + x3)

=1, +]x,la ;éng tré ngdn mach cta may dién
khdng ddng bo.
Khi U, = Uy, thi I, d6 chinh la dong dién md mdy.
D3 thji vécto va mach dién thay th€ nhu hinh 16-2 va 16-3.

Hinh 18-2. D& thi vectd cia Hinh 16-3, Mach dién thay
may dién khdng dbng bod khi thé cia may didn khdng
rBto ding y#n dbng bd khi ngin mach

.16.3. MAY DIEN KHONG DONG B0
LAM VIEC KHI ROTO QUAY

Khi réto quay thi tin s6 tri s6 s.d.d. va dong dién cua réto
thay d6i. Didu dd anh hudng rit lén d&n su lam viéc cda mdy
dién, nhung nd khéng lam thay d6i nhing quy luat va quan hé
v& dién t¥ khi réto ding yén. Didu nay cin chu ¥ khi nghién eiu
sau DAy,
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18.3.1. Cac phuong trinh co ban

M4y dién khong ddng bo khi lam viéc thi day quin réto nhat
dinh phai kin mach va thuang la ngan mach. N6 day quén stato
voi ngudn dién ba pha thi trong day qudn co dong dién I}, do d¢
phuong trinh cdn bidng vE s.d.d. trén day quéin stato vin nhu cu:

Ul---E +I(r1+]x) (16-14)

Tis truong khe hd sinh ra F| quay vai t6c d¢ ddnag b6 n;. N&u
roto quay vdi tSc do.n theo chidu quay cla tu trudng quay thi téc
do tudng d6i gita tit trudng quay véi ddy quin réto lan, = 0, - n
va tan s8 s.d.d. va dong dién trong day quin stato sé la:

[ 2@ e sf, ~ (16-15)
“ 60 n, 60

n -n
trong d6 s =—: 14 hé s6 truct ctia mdy dién khong dbng bo.

ny
Thuong khi dong co dién khong ddong bo d tdi dinh made thi
= 0,02 = 0,05

Tri s6 sd.d. trén day quén roto lic dd bang:
. By = 4440wk, 0 = 4,44sflwzkdq2¢ = sk, (16-16}
Vi dién khang x = wL = 2afL (trong d6 L & tu cdm cia day
quin}, nén voi dong dién I, cd tAn s6 f; thi tri s8 dién khang cua
roto bing:

x,, = 2af,L;, = 2nsf|L, = sx, (16-17)
Do dd phuong trinh can bing v& s.d.d. cia mach dién roto la:
0 = -E, + Lir, + jx;;} (16-18)
hay sau khi dd quy ddi:
0= 'EZs + 12(r2 + szs) (16-19)

Trong phuong trinh trén, s.d.d. va dong dién d8u cd tAn s6 la
f,, con bén so cdp thi s.d.d. va dong dién cd tan s6 1a f, do d¢
cin phai quy d8i tAn sd sang bén sa cdp thi viéc lap hé thdng
phuong trinh mai cd ¥ nghia. D€ bi€u thj r6 quan hé ve tAn sd
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thi phuong trinh (16-18) cé th€ viét dudi dang sau:
0.= -Ey &% + Ijry + jxy el
| r .
Nhan hai v8 véi —e“' = — i@l -~@2)t
8 s
trong d6 w = w; - w, 1a t6c db gdc cda réto;
J@L- @Dl 13 ha 56 quy d8i tAn s6,
ta cd: :

. . I ;
0 = -y + Iy _;21- jx el
hay:

l-s

0 = -Epef! + Lyr, + jx; + ry)el!'. (16-20)

V2 mat todn hoc hai phuong trinh (16-18} vA (16-20) khdng
c6 gl thay d6i. Nhung v2 mat vat ly thi d& cd sy khéc nhau vd
ban chit. That vay, phuang trinh (2-18) chi r6 quan hé cua dién
4p trong mach thd cdp khi ré6to quay vai hé so trugt s, trong do
s.d.d. c6 trj s6 1a E;,, tong trd 1a r; + jx;,, dong dién la ii tan s6
la fz.-Cbn phwong trinh (16-20) chi ré quan hé dd trong trudng
hgp roto khong quay va 1ll_a_cs nay trén roto nhu duge néi tigp thém
mt dién trd gid tudng - Bay g trong mach thd cdp s.d.d.
1 -3

r, .
la Ez, téng trd la —= + jx2 hay r’z + sz + r, , dong dién
]

~ vAn 1a I, nhung tAn s6 da la f,

Ta thdy trong hai trubﬁg hop, tri s6 dong dién I, vin khong
thay d8i nhung tan s6 thi da khdc nhau.

Ta da thuc hién duge phép quy déi i,‘an s8 d mach thd cdp
‘(réto) vé mach so clp (stato). Nhu vay s.t.d. roto F, hinh thanh
ve tri s khong ddi, chi khac la & phuong trinh truéc quay voi tée
d6 w, so vai roto (khi réto quay véi téc do w); con ¢ phuong trinh -
sau thl quay véi toc d¢ «| so vdi réto (khi roto ding yén). Nhung
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d8i véi stato ma ndi thi d cd hai trudng hop d@u quay vdi téc do
w,. Vi vay tdc dung véi stato trong .cd hai trugng hop déu nhu
nhau. Tw Jd4y ta rat ra mét nhan xét quan trong la di réto quay
voi tdc d¢ bdt ky hay khéng quay thi s.t.d. stato F| v4 réto F,
bao gi%s ciang quay déng bd voi nhau.

Tit biéu thic (16-18) cho thiy khi roto quay, méy sinh ra cong
suft co bing Mw, trong dé M |2 mémen quay, «» 4 t8c d6 gde
cia rote. Con bi€u thdc (16-20) sau khi quy d8i thanh trudng
hgp réto ding yén thi cong sudt co dé duge bi€u hién dudi dang

cong sudt diéﬁ méa trj s6 bang m]I’%r‘z

: vl vay cong suft

l1-s

dién tiéu thu trén dién tré gid tudng r, dac trung cho

s
cong sudt co cua dong co dién khéng dong bo.
Do s.td. stato va roto quay ddng b vdi nhau vdi tée dd g6c wy
nén phuong trinh can bing v& s.t.d. vAn duge viét:
F + F, =F,
hay Il + [2 =1,
Tdm lai toan bd cdc phuong trinh co ban lic roto quay nhu
sau:
U, = -'E, + I, + jxp )
. T
- Tyt—= + jx3) (16-21)
]
E'2 = E, [
I, + I, = 1
- E1 =1z

16.3.2. Mach dién thay thé cua may dién khdéng ddng bd

0 = E

5
s

0

0 m J

Dua vao cdc phuong trinh co ban (16-21), hoan toan tuong tu
nhu védi m.b.a. ta cé the thiét lap duge mach dién thay thé€ hinh
T cho mday dién khoéng ddng bhé khi rote quay nhu & hinh 16-4.
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Nhung chi y rang d6i vdi m.b.a. téng tré z, méc & mach thi cép
la dac trung cho tai (dién) d mach ngoai, cdon & méy dién khéng

1-3

dong bo dién trd gia tudng r, dac trung cho su thé hién

cong sudt cu trén truc cia mdy. Dién trd gia tuong bién ddi, bisu
thi cho su thay ddi cim tai trén truc may.

Dung mach dién thay thé co thé& tinh ra déng dién stato, rbto,
mbmen, cbng sudt ¢d, v.v... vA nhitng tham s8 khac thudc ve dac
tinh lam viée. Nhu vAy ta 44 chuyén viée tinh toian moét hé théng
dién-cao (hoac co-dién) cia may dién khéng ddng bd thanh viée
tinh todn mét mach dién don gian. Vi vAy mach dién thay th&
duge sit dung rdng rai ' '

*
Hinh 18.4. Mach didn thay thé Hph T cta méy dign khéng dbng bd

Thudng d€ thudn lgi cho tinh todn, ngudi ta bién déi mach
dién thay th& hinh T thanh mach dién thay th& hinh [ don gian
han. Cée bifn déi nhu sau.

Tiu hinh 16-4, ta cd:

E
P ——
225
-
trongde . = — x5
s
Y

= 270




I1=I0-12=—+—-—-——
Z, Ty
vi o B =1 _ "
i - =
! U N
—_— —
Zm 23,

, . . . . 2[ z
va B =U -Igz =0, +E(= +)

zm z:Zs
: U, U,
-nén - E, = - =
Z) Z) Zy
1 +— +— C, +
Zm 2 2

. z
trong dé: C, =1 +—

Ty d6 duge: -0 =

] . U, - 1,z U
II = [0 . IZ = 1 l 1 - 1
- Cizgs + 2
Giai I| ra dugc:
L .0 0,
Ll +—) = I,C| = +—
in Iy Clzis + zl
. 0, 0, o
I, = = +— =1, -1 (16-22)
Cizm  Cizy + Cyzy
.0 v, 0,
trong dé: I, = = =
. z
Clzm (1 — )z, z + oz,

m

goi 1a dong dién khong ciéi ly tudng, nghia la dong dién khong tai
-3

ung voi lic s = 0, tic T = e
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. U, I
va -1'2 =—-_.Z——-...__—.-_ = -
Clz}_!i + Cz) C,

la dong dién thd cdp cua mach dién hinh T

Hinh 16.5. Mach dién thay Binh t5-8 Mach dign thay
thié hinh T cla mdy dibn thé tnh t ddn gidn hda caa
khéng dbng bo may dién khéng dbng bd

Tit cong thue (16-22) ¢6 th€ vé mach dién thay th& hinh T
nhu hinh 16-5, trong d6 nhanh gitta eita mach dién hinh T da
duge dich ra phia trudec.

Thuc t& 1a C, chi hoi lén hon 1 mét it, géc phite lai rdt nhd
X ‘ X, , ,
nén c thé coi C, = C, = 1 oo 1, I; = I, va nhu vay

mach dién don gidn hda hon nﬂ: nhu & hinh 16-6.

16.3.3. Hé s&§ quy ddi cua ddy qudn réto IBng s6¢

Khi vé mach dién thay thé& hay do thi véeto, cdc tham sé bén
roto d&u duge quy ddi sang bén stato. Cdce hé sé quy 48i do la:
w k m,w k

ko= el o i)

(o 1
wakyg2 myw ko

Vh k = ki.k{'

. Ddi vai dav qudn réto 16ng sdc, vi nd thudc loai day qudn déi
xung nhidu pha dac biét. ma 36 pha bang s6 thanh din cia long
sdc, nén néu goiZ, la so thanh dén thl ta ¢ s6 pham, =2, va
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s6 vong day clia mét pha w, = 1/2 (nghia l1a nita véng). Do dd hé"
s6 day quin cua léng séc la kyz = 1.
Tit d6 hé =6 quy ddi cha day quin roto lbng séc 8 la:

wikyo) wikia

i T qr = 1 . 2""1":1:;1
, 2

K = l'ullv.'viltdqI _ 2m]w|ll:dql

A m2w2kdq2 Z,
= kK= — (w]kdql)

16.4. CAC CHE DQLAM VIEC, GIAN DO NANG LUONG VA
DO TH] VECTO CUA MAY DIEN KHONG DONG B0

Nhd d4 ndi & trén, may dién khong ddng bé cd thé€ lam vige &
ba ch& 4o, dong co, may phat va trang thai ham, tiy theo hé s6
truct s va cd thé dung mach dién thay th& d€ nghidn ciu cac dac
tinh lam viéc cia may d ba che do dd.

16.4.1. May lam viéc ¢ ché@ do déng co dién {0 < 8 < 1)

Ddng ca dién 14y dién nang tir ludi dién vao v6i P| = m,U I coep,.
Mot phan nhd clia cong suft d6 bién thanh tén hao dbng cua day
gudn atato Peul = mllfrl va tén hao trong 16i sdt stato
P, = m I°r_ . con lai phan 16n cong sudt dua vao chuy&n thanh

Ltatme

cOng sudt dién tir P, truyén qua roto. Nhu vay:
’ ;2 FIZ
Py = Py - peyl - Ppe = mI') - (16-23)
s

Vi trong roto c6 dong dién nén cd tén hao ddng trong roto
Py = mII Ty

Do dd cong suéit eg cha dong co dién P_, bang:

cd
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. ‘ 3 1 -3
Pey =Py P, = i H—n (16-24)

Céng sust dua ra dau truc dong ca dién P, sé nhd hon cong
suflt co vl khi mdy quay ¢ tén hao co p_, va tén hao phu p; (sé

ndi ¢ chuong sau), nghia la:
P, = P, - (p, + p; (16-25)
Nhu vay tdng tén hao trong déng co dién bing:
2P = Py * Pre T Poix * Peo t P

va cdng sufit dua ra dAiu truc:

Hiéu sudt cda ddng co dién:
P, Zp ' :
o= =1-— (16-26)
P b,

Gian dd nang lugng cua déng co dién khong ddng boé nhu &
hinh 16-7a. Cing gidng nhu m.b.a. dé thi véctg cha dong co dién
khong dong bd cd thé vé theo ciac phuong trinh co ban (16-21)

nhu & hinh 16-8a.

&

&, | e

CMPYYININ
/"

-
i\"ﬂ
-

2
X )

pev &
Ro t Q”
k ? [ ﬂ;_(
e - Lt

b) &)

o,

D

a)

Hinh 18-7. Gidn B ndng ligng cua may didn khong dBng bd a ché o6 dbng
cd dibn. b. ché d& may phat didn; ¢ trang thai ham
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a b) ¢)

Hinh 18-8. DB thi véctd cua may dién khéng ddng bd: a. 8 ché db ddng cq
b. 4 ché d8 miy phat; c. & trang théi ham

Theo mach dién thay th& hinh T & hinh 16-4, cd thé thidy vd
sy phan phdi cong su#t phan khdng trong miay dién khéng ddng
bo. Ddng co dién khéng ddng bo 14y tir lubi vac mot cédng suit
phian khang bing:

Q, = m,U,i;sinp, (16-27)

Mét phan nhd cong sudt phan khang nay dugc s dung d€
sinh ra tif trudng tan trong mach dién s0 cp:

q, = mIix,

(16-28)
va thd cfp q, = mli’gr'z.

Phan l6n cong sullt phan khang cdn lgi dung 4€ sinh ra tit
trudng khe hé: '
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cong sufit dién P, = m U [;,cosp, < 0 nén

1T g R T

= mllﬂxm (16-29)
Do dd ta co:
Q, =Q, + q, + q; = mUIsing,  (16-30)

Gian db cong sudt phan khédng cta dong co dién khong dong

A by duge th€ hign trong hinh 16-9.

Do trong may dién khong dong bé khe hd ldn hon trong may
m.b.a., nén dong dién tit hda I trong mdy dién khong ddng bo
lén hon dong dién tu hda trong m.b.a. Do Q, va I tuong déi 16n
nén hé 36 cOng suft cosy cua mdy thip. Thudng trong déng co
dién khong ddng bo, cosp,, = 0,7 + 0,95; khi khdng tai cosp rdt
thdp, thudng cosg, = 0,1 + 0,15.

16.4.2. M&y lam viéc & ché d) may phat dién (- <o<Q)
Khi hé s8 trugt s 6 gid tri Am thl cong

8
suft co P, = mll’%(—- )ry cd tri s6
s

am, nghia 1a may 14y céng suit co vao. q
1
Ngodi ra ta ca: | )|

X3 X3

"2 = ry/8 B r; <0
nén gdc pha y, gita s. d d. E, va dong
dién I, ndm trong khodng 90°<y,< 180"
Tir dd thi vécto cia mdy phdt khéong dong

bo (hinh 16-8b) ta th&y ¢, > 90°, do dd

B S —

Hinh 18-9 Gian & ebng
suflt phdn khing cia

: déng cd dign khéng
Tuy vAy céng su#t phan khang dBng bd

mdy phat cong suit dién tac dung vio
ludi.

. Q; = mUjlsing, > 0, do d6 may vén

nh&n cdng sudt phan khﬁng tit ludi vio nhu & trudmg hop dong

ca dién. DJ 14 dac difm cia may phat khong ddng bo.

276 | /



Gidn dd nang lugng cha may phat khong ddng bo nhu d hinh
16-Tb.

16.4.3. May Iam viéc & ché d% hlm (1<s8< + ®)

1 - 8
)r; < 0, nén miy
s .

Khi s > 1 thi cdng suflt ca P, = m ['}(

14y cOng sudt co tif ngoai vao. Cong sufit didén tu Py, = m,l %r‘zls
> 0 nén mday cing ldy cong sufit dien tit ludi vao. THt cA cong
sudt cd va dién 1y & ngodi vao dRu bién thanh tdn hao ddng trén
mach réto: :

-8
]
)

Py, +(-P) = mll’g.r’zfs + {-m1l'§(
2, :

= mlir = pey,

Vi t4t ca nang lugng 14y vao d8uy tiéu thy trén mdy nén trén
quan diém phat nhiét thi khi U, = U, chl cko phép may lam
viéc trong khoang thoi gian tuong déi ngén.

Trong trudng hop may lam viéc d ch& d¢ ham, dd thj véctg
/Zifng nhy truéng hop lam viée d ché d6 déng co. Gidn dd nang
* lugng va db thi vécte cia may ham ditge trinh bay & hinh 16-7c va
16-8¢c.

18.5. BIEU THUC MOMEN DIEN TU
CUA MAY DIEN KHONG DONG B0

Vi mdy dién khoéng ddng bd thudng duge dang lam déng co
dién, nén khi phan tich s& 14y d6ng co dién lam thi du va xuft
phat t¥ qua trinh vat Iy v& trao d8i nang lugng tim ra céng thuc
vé mémen d€ tim ra quan hé gitta nang lugng trao d8i vai
mémen dién ti.

Cing giong nhu nhitng mdy dién khde, dong co dién khong
déng bo luc lam viéc phai khéc phuc niémen tii bao gbm mdmen
khéng tai M| va momen cdn cta tdi M,. Vi vay phuong trinh can
bang mémen lic lam viée dn dinh la:
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* M=M + M (16-31)
- trong déd M 13 mémen dién tif cia déng co dién.
_pcd + Py . P2

o FT—— M,

o &«

Vi M

trong dd:

27n
‘w o= w0 t6c 46 gdc clia r6to; n - td¢ dé quay cda roto, nén

bidu thic (16-31) cd thé viét dudidang:

P + Py t+ Pz _Pcd

M= (16-32)

w w

Mat khéc mdmen dién té do tu trudng ¢ay ® va dong dién
roto 1, tdc dung 1&n nhau ma sinh ra va tif truong do quay vdi
téc d¢ ddng bd n|, do dd quan hé gilta cong sudt dién ti va
‘'mdémen dién L nhu sau:

P
M=—2 (16-33)
oy

2nn
trong d6 =¥l la téc d6 goc ddng bd cia tu trudng quay.

Tu (16-32) va (16-33) ta rat ra duge:

w n —
Py=—Py=—P, =0~ $)P, (16-34)
wy n
va tfn hao ddng trén r6to bang:
Peus = Pai - Peq = 8Py, (16-35)
i Py, = myE;l,cony,
nén ta co: :
Py = m,il-s)E [ cosy, (16-36)
VT - o pnl ~
Do E, = :rflwzkdqzqs, tron; dd tan sd lu,m f| =Z0 V2 tée
: n, ,
d) géc cua rétow = (1 - 3) 6o~ nén dem thé viao (16-36) ta
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duge momen dién ti clia may dién khong ddng bo:

P, 1
M =—= =._V__2_m2pw2kdq2¢lzc95wz ‘ (16-37)

Bi€u thic (16-37) viét theo hé dan vi 81, do dd don vi 1A N.m.,
' néu mudn dbi thanh XG.m thi phai chia cho 9,81.

Tit nhitng quan hé trén ta thdy ré vdn d& trao d6i nang lugng
tit dién sang ca (hay nguge lai) trong may dién khong dbng bd.
Cach chuy€n hda niang-lugng nay vé mat dién phu thude vao gdc
léch pha giita s.d.d. va dong dién, v& mat co thi phu thude vao
moémen dién tif va téc 46 quay cia may.

Thudng ching ta 1¢gi dung mach dién thay thé d8 tinh ra
mdmen dién tit theo hé s§ truot 3. Theo mach dién thay thé&-hinh
i cia mAay dién khéng dong bd (hinh 16-25), ta cd:

U,

I, = Cl; =
\/(rl + C]rz/s)z + (x + Clx‘z)z
m,Ullr'zf’e
(r, + Cp.ryf®” + (x, + Cpx;)?
Tit d6 ta dude quan hé gilta mémen dién tit véi hé s trugt s:
Py, mlUfpr‘z.l’s

va Py = mI'ir/s =

M= = 5 - 5 (16-38)
w, 2af l(r; + Cryf8)° + (x; + C;x3)°]
. 21
trong dé: @) =—— .
p

Cong thic trén cd don vi 1a N.m, mudn d8i thanh kG.in thi
phéi chia cho 9,81.

Tir (16-38) trén, ta rit ra duge nhitng nhan xét chung sau vé
mdmen dién tit cia may dién khéng ddng bo:

- Vai tin s8 va tham s6 cho trude, momen dién tir ty l1é véi
binh phuong cia dién 4p.
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- Momen ty lé ng}uch vai dién khang (x; + C;x3) khi thn s6
cho trudec,

Dong dién va mémen fl :Il M __f_"
cha may dién khédng = = aayal 5= = :
s s b /] ANA %

dong bd la hai tham s6 Mafis)] 7
rdt quan trong 4€ chi - ) '
tinh nang cia mAdy. L~ 15— a
Trong nhitng céng thdc ' *

. N - N lé 12 10 €4 QF 04 02 0| -02-04-85-48-10
trén, dong dién va [dm 3

mémen déu 1a ham cia s,
do d6 ed thé v& duge dac “
tinh I = f(s) va M = f(s) !
nhu & hinh 16-10. Trén '
hinh v& d6 ¢6 thé thay S
diuoc tri s6 mbémen cua
. may dién khong ddng bo Minh 18-1¢. Dudng bifu difn mémen dién I
& ch& do dong co dién © va ddng dién theo hé s& trugt

(0 < 3 < 1), & chg d&
may phdt dién is < 0) va ¢ trang thai ham (s > 1).

Mudn tim momen cue dai ta ldy dac ham dM/ds = 0 va duge
hé s trugt s dng véi mdmen cyuc dai M_ .

+ C 12
5 (16-3%

m F
o+ (x + Clx,

va momen cuc dai béng:

p SGrig co didn —p— Mdy phdt Jign

«<mEl

1 m , pUs ’
L {16- 40

M = :ZC -
mx ! 2, [2r + vV ry + (x; + CI:A'.;7_'}2
Trong cdng thdic (16-40). diu "+" dﬁng cho dong co dién,
dfu *-" ding cho mdy phéat dién. Thudng t'l khéng vﬂdt gua
5% {x; + Clxz)“ nén cd thé bd qua. Nhu vay ta cd:
1 UZ .
M, =% — N L — (16-41)
2C, 2xfilx r; + (x; + C\1)]
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Ta rot ra nhitng nhan xét v& modmen - cuc dai

- V6i thn s6 va tham s6 cho trude M_ . ty 1& voi U%;

- M, .. khéng phu thudc vao dign trd cia roto;

- Dién trd roto r; cang I6n thi s cang lon;

- Voi thn s6 cho trude, M, .. ty 1é nghich voi dién khang
(x, + C;x). ,

Dong dién mé may vA mOmen md méy cd th€ tim ra duge khi
dem s = 1 th¢ vao cong thdc (16-41). Ta cd mémen moé may
bang:

1111pr1"2
M, = RY: XY
22f|[(ry + Cry)” + (x; + Cx3)7]

Ta cd nhan xét v2 mOmen md méy nhu sau:

- Véi thn s6 vA tham s§ cho trude Mty 18 véi Uf;

- Muén cho khi m& may M; = M, thi phai tang dién tré ry
lan. Theo cong thic (16-42) didu dd duge thue hién khi:

Cr; .

(16-42)

B = 1.

N X + Cx,y
Nhu viy dién trd roto laec d6 bang:

(E

Cir; = x; + Cxs. 7

~ Véi tAn s6 cho trude 3 2 ! dm
thi M, ty 1¢ nghich véi ' \
dien khang (x, + Cx;).

Cac dudng bifu dién - X \
1,2,3,4 trong hinh 16-11 NOW L
chi dac tinh M = f(s) khi N \
dién trd rote tang din. ] A

Trong thuc t& thudng
khtng biét cdc tham sé
cia may dién khéng dbng
b nén cd thé dung cong

T

\

3

e

W 12 W o8 a6 26702 0

Hinh 18-11. Djc tink M = f(s) véi
dibn trd rbto khac nhau
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* thde thyc dung (gol 1a bifu thie Klox) d& tinh moéomen. Biéu thuc
" Klox co th€ tim ra nhu sau. Tit (16-38) va (16-40) ta co:

M 20 + Vi + x, + Cxp)f

(16-43)
r
mAE sy, + c,._i 2 + (x, + Cxy)’
Mat khéc theo (16-39), ta cd:
= Cr
V2 + (x, + Cxypt =—22
Sm
Dem thg vao (16-43) ta duge:
21 +—1 g )
8
, : Cry " :
= (16-44)
Mna 2 +_S..‘“_ +_?i o
8, 8 Ciry

Trong mdy dién khong ddng by thutmg r; = r, ma s = 0,1 + 0,2

T .
nén —] s, rdt nhd so voi s8 hang dilng truéc nén ta cd thé viét

Ciry
cdng thdc (16-44) nhu sau:
M 2
Muse 5, Sm
s, 8

Dd la bigu thic Klox.

max

Thuang trong ly lich mdy cho biét ty s6 k, = va hé 36

dm
trugt ¥ng voi cOng sudt dinh mic s, Lgi dung nhing trj sé dd
tinh ra dugc s,. Th€ vao bi€u thic Kléx cd thé tinh duge mémen
theo hé 86 truot s. Ty s6 k_, goi 12 nang luc qua tdi cha dong co
dién khong dong bo. N6 phan Anh khd nang qu4 tdi ma dong
- dién cd thé chin duge. '
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Nhu dd ndi ¢ chuong trudc, mémen dau truc M, cia déng co

dién khéng dbng bo phé hon moémen dién tit mot it va bing:
. M2 =M - Mo
trong dd M la moémen khong tai.

Do M, rdt nho so v6i mOmen dBu truc M, nén dac tinh co cla
déng co dién M, = f(n) c6 the coi bAng M = f(n), do dd dudng
dac tinh co cda dong co dién khdng ddng bd cd dang nhu dudng
dat tinh M = f(s) vé & hinh 16-10.

Cuéi cung phan tich qua su 6n dinh cita dong ca dién khong
dbng bd lic lam viée. Gia thu ddng co dién lam vide véi mot
mémen tai M_ nao dé. Theo phuong trinh can bidng vB mémen thi
déng cd dién cd th€ lam viéc & hai di€m a va & (hinh 16-10). Xét
trudng hop mdy lam viec § di€m a. Vi 1y do nao d4y dét nhién
M. tang lén thi hic 46 M, > M nén t6c dd cia may sé cham lai.
Ta thay luc d6 M tang lén cén bang véi M_ va ddng co dién sé&
lam viéc 6n dinh ¢ th€ cAn bdng méi. Khi mdy lam viéc ¢ diém &
thi tinh hinh khéng nhu thé&. Luc nay n&u M, tang lén thi do
M, > M nén toc dd cham lai. Nhung hic dé M lai giam di nén M_
cang ldn hon M nén khong thé€ & th&€ can bing v& mdémen dude
nita va tdc do ti€p tuc gidm d&€n khéng. Ta ndi may lam viéc d
di€ém b khong dn dinh. T dd ta thy dong co dién khéng ddng bo
chi lam viéc &n dinh & doan OC trén dudng bigu dién M = f(s),

dM dM, dM., daM
»>—— (hay la >— ).
ds ds n dn

nghia la trong didu kién

16.6. MOMEN PHU CUA MAY PIEN KHONG PONG BO

Khi phan tich vé@ mémen va déc tinh M = f(s)} & trén, ching
ta chi xét dén tic dung cla tif trudng séng co ban. Nhung s t.d.
va ti cdm trong méy didn khéng phai hoan toan phén b theo
ninh sin. nghia la s.t.d. cia day quén stato va roto ngoai song co
ban ra con co sdng bic cac trong dé bao gbm sdng ditu hoa rang.
Mat khac khe hd khong khi khong ddu do stato va réto d8u c6 -
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ranh v& rang cho nén voi s.t.d. phan b& hinh sin cing khong thé
¢é dugc tirt cam khe hd phan bé hinb sin ma s.t.d. khe hd dd co
sdéng didu hda bac eao. Nhitng tit trudng sdéng bae cao do quay véi
nhitng t6c d6 khéc nhau va ciung sinh ra mémen. Nhitng mémen
dd goi 1a mOmen phy cia may dién.

Cing gifng nhu moémen do sdng co ban cda ti trudng sinh ra,
nhing mdémen phy nay d2u la ham clia t6c 4 quay clia mdy
dién. Mac diu nhitng momen phu nay rdt y&éu so véi mémen do
sdng cd ban cia tit trudtng sinh ra nhung trong nhitng trudng
hop nhat dinh nhu & tdc do thdp nd cd thé sinh ra mémen ham
tuong in 16n 1Am cho mémen cia mdy dién giam xudéng ro rét
anh hudng dén sy lam viée cia mdy dién, nh&t 1a trong qué trinh

‘md mdy cla ddng co dién khong ddng b,

16.6.1. Cac loai mémen phu

Momen phu do tit trudng song bac cao sinh ra chia lam ba loai
chinh sau:

1. Momen phu khéng ddng bo

. Nhu ta da bigt, du tfc 46 roto nhu thé nao, s.t.d. séng co ban
_cha stato va roto déu quay trong khong gian véi t8c do dong hd
fi,, do d6 sinh ra momen dién ti va cd dac tinh M = f(s) nhu da
phan tich & trén. Khdi niém nay cing thich dng cho cA cdc sdng
didu hoa.

Céc song didu hda cla s.t.d. stato ¢6 tde dé quay khdc nhau va
chmm Ung trén roto nhitng s.t.d quay od ciing téc d6 va sd d6i cuc
"do d6 cung sinh ra momen. Nhu trong Chuong 11, phan thd hai
da phan tich, nhitng séng bac v = 6k + 1 quay thuan va séng

."bc v = 6k - 1 quay nghich (k 12 mot s8 nguyén bdt ky 1,2,...) va
tc do quay cha tif trudng adng bic » ]A:
1

n, = *—n,
14

Trong céc sdng bic cao thi song bac 5 va 7 quan trong hon ci
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vi bién do tuong d6i 16n vA mdmen phu sinh ra 4nh hudng nhidu
dén mémen cua mdy dién.

1
Sdng bac 7 quay thudn vdi t6c d¢ ddng bd n, =an, cho nén

khi téc d6 may nam trong khodng 0 < n < 7n, thi voi tit trudng
sdng bac 7 may & ch& d¢ ddng cd didn, khi n > 70, mdy sé § chg
d6 mdy phdt dién. Trong hinh 16-12 dudng 2 1A dutng M = f(a)

do tif trudng séng bac 7 sinh ra.

Sdng bdc 5 quay nghich véi tc d¢ ddng bd n; = - %nl cho
nén téc d6 ddng bod cia ndé & trong khu vyc s $ 1 (trang thai
ham) edia mdy dién. Vi tif trudng séng bac 5 quay nghich nén khi
te do rdto & trong khoang - zm, < n < n, mdmen sinh ra la'am
va chl khi n < 5- M thi momen méi c6 tri s6 duong. Dudong 3
trong hinh 16-12 bi€u thji mémen do tit trudng séng bac 5 sinh
ra. Dudng 4 trong hinh 16-12 12 moémen tdng khi xét dén Anh
hudng clia moémen phy sdng
bac 5 va bac 7. Ta thdy 16 ¢
quéang t8c dé bang 7 tdc dd
ddng bd ¢ mHt momen cuc
tifu M, thi déng co dign sé
ditng & téc dd tuong Wng voi
di€m ¢ & hinh 16-12,

Ngoai song bac 5 va 7 ra
thi trong cac sdng bac cao
kbdc chi cd séng digu hoa Hinh 18.12. D&c tith M = f(s) khi cé
rfing la ¢d anh hudng r6 cd s6ng didu hda bic 57 cla W trudng
rang

2. Mémen phu déng bo _ _

Mémen phy ddng bd sinh ra do mc»t sdng didu hda bfic cao ndo
d¢ cta tir trudng stato tadc dung v8i mdt sdng diBu hoa béc cao cd
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ciing s6 d6i cuc cha tit truasng roto.

Téc dung nay gidng nhu trong mdy H

dién d8ng bo, chi khi nao hai sdng

di2u hda cung s déi cuc dd cd tbe 7,22 ;2,w28

d¢ trong khéng gian nhu nhau méi e

sinh ra, dugc mémen. Vi sdng didu

hoa cta réto cd tdc dé nhat dinh "

nén roto phai cé mot tde do nhat 5o dsdpe &

dinh nao d¢ méi cé thé sinh ra

mimen duge. . . —5
Mémen phy dbng bo chi yé&u do W 08 of o4 a2 0

s.t.d. séng diBu hda rdng cha stato .

va roto sinh ra do dd su phé6i hgp H\n:;uz-gs; Zéca“;? r;' .

ranh giita stato va réto c¢d quan hé 2, . 25 b, i| = 24, Z2 i 20.

nhiBu d&n viéc sinh ra moémen nay.

Két qui phan tich ching minh ring, khi 2, = Z; hoac Z, - Z, =
+ 2p thl s6 ¢6 momen phu ddng bo. Hinh 16-13 vé dusng M
fis) v6i kifu phdi hop rdnh do.

3. MOmen sinh ra chfin d9ng va tap Am do ti trudng
séng didu hda gy nén

Dong co dién khi lam viéc thuéng kéu va rung. Nhitng tap 4m
vA chén ddng do ngoai nguyén nhan co khi ra, trong nhidu
trudng hop 14 do lye tir kéo léch trong khe hd sinh ra. Khi truc
cla rang stato va ring rdto tring nhau thi luc kéo dé cang lén.
Né&u trén chu vi khe hd khong cd chd déi xing nao gibng nhu vay
thi s& sinh ra lyc tit kéo lach mot chitu theo hudng kinh. Khi
rbto quay, luc tit léch dd ciing quay lam mAy rung va tan sd rung
d6 tring v6i tAn s6 rung tu nhién thi s& sinh ra cOng hudng
nghidm trong. Két qua phan tich cho thdy Z,=17,%1 % 2pthi
38 rung.

i

16.6.2. Phuong phép trir khir mémen phy
Nguyeén nhan sinh ra momen phy 1a do s.t.d. sdng didu hoa
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trong dd cd s.t.d. sdng didu hoa
rang. Vi vAy mudn trit khit momen
phu thi phai lam yéu s.t.d. sdng
digu hoa di. '

Muén lam y&u séng bac 5 hay
bédc 7 ¢d thé dung day quin budc
ngdn. Mudn lam y&u song didu héa
rang thi chon phéi hgp ranh thich
ding. Trong cdac sAch vé thiét k& L0 afF q§ a& 082 0
thudng cd gidgi thidu nhitng cach ,
phdi hop rank tst. Mot phuang Hiah 18- 4. Dic tilh mdmen cia
phdp c6 hiéu qua nita 13 ding ranh 9809 CO dién khéng dbng b§ o6
chéo & réto, thudng la chéo mét réoh chéo § réto
budc rang.

Nhu d4a phan tich  Chuong 9, phan thu hai, tde dung cia
ranh chéo 1a lam cho s.t.d. ¢clia ranh phan phéi dBu trén quing
chéo ma khong tap trung tai mot difm nén cd th€ 1am yé&u sdng
didu hoa rang cia dudng phan b8 s.t.d. khe hd téng. Hinh 16-14
chl v6 tdc dung ctia ranh chéo trong viéc trit khit mémen phu.
Trong hinh, dudng 1 1a dudng M = { (s) dng v0i rdnh khong
chéo; duding 2 ing véi ranh chéo. Ranh chéo thudng dung trong
déng co dién roto 1dng sdc cong sudt nhd.

16.7. CAC DUONG PAC TINH CUA MAY DIEN
KHONG DONG B0

16.7.1. Dic tinh téc dd n = {(P,)
Theo cong thie vE hé s6 trugt ta cd:
n =n(l-s)
_Pcuz
Py

Khi khéng tai, t6n hao dbng trén réto p.,, rt nhd so véi cong
sufit dién tif nén hé s§ truot s = 0, ddng cd dién quay ghn tbc do

trong dd: s =
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ddng bo n = ﬁ‘. Khi tai tang lén thl ton hao p,, cling tang lén
nén téc dd gidm xuéng mot {t. Thuang khi tai dinh mdc, hé sd
trugt vao khoang 1,5 + 5%. Dac tinh n = {(P;} 12 mét dudng hai
d&c xudng (hinh 16-15),

16.7.2. Déac tirh mémen M = {(P,)

Thec dudng M = f(s) thi mémen thay d&i rdt nhidu theo hé s6
trugt s, nhung trong pham vi 0 < s < s thi dutng M = f(s) rdt
ghn gidng dudng thang ma s lai tuong d6i nhd vi vay dac tinh
mémen M = f(P,) ciing ghn giéng dudng thing. Trong pham vi
laim viégc binh thudng, do t8c d6 thay déi it nén momen khong tai M,
hau nhu khidng ddi va quan hé gilta momen duara M, = M - M
véii cong sufit dua ra P, cing ghn ging dudng thing.

16.7.3. Ton hao v& hifu sut = (P,)

Tén hao trong may dién khéng ddng bd bao gom tdn hao ddng
trong stato va rbto, t6n hao sit trong stato, t8n hao co va tdn
hao phu. Tén hao sat trong roto rdt nhé do tAn s8 thip nén cd
th€ bd qua.

Tén hao phu bao gdm tén hao phu trong dbng va sit. Tén hao
phu trong ddng gbm cd tdn hao do higdu dng mit ngodi gy nén
va do sdng béc cao cla tit théng sinh ra dong dién trong réto.
Thutng diung day quén stato ¢é budc ngédn, ranh chéo & roto,
chon phéi hgp rabh thich hop nhu Z, < 1,25Z, d€ giam b4t tén
hao phu.

Tédn hao phu trong st cing do sdng bac cao cua tit thong gay
nén. Trong mdy dién khdng ddng b, tdn hao sinh ra trén bé mat
cua roto do Anh hudng cia miéng ranh stato va tén hao dap
mach trén rang roto tuong déi lén. Hai loai tdn hao nay trén
state cing cd nhung vi midng ranh réto rft nhd nén co thé b
qua.

Tinh t8n hao phu rat phdc tap nén thuong 14y bang 0,5% cong
suft dua vao.



Trong céc t6n haoc thi tdn hao ddng thay d8i theo binh phuang
cua ddng dién, con cic tén hao khic khong déi theo tai.

Higu suft chia mdy béng:

P,
) =——= 100%
P, + >p
trong dd Xp la tdng tén hao cia may.
Duong bi€u dién 7 = f(P,) nhu & hinh 16-15. Thudng thist k&
vao khoang 0,5 + 0,75P,, . :

??I]'IEX

16.7.8. H¢ s& cbng suét cosy = HP,)

Vi mdy dian khéng ddng bo phai 18y cong suft kich tir tit luai
vao nén cosy luén luén nhd hon 1 va chém sau. Liic xhéng tai,
cosy rdt thdp, thuing khong vugt quda 0.2. Khi ¢d tai, do dong
dién I, tang lén nén cosp ciing tang 1én va dat trj sé 16n nh&t khi

tai xdp xi dinh myc.
. Mm-:
16.7.5. Nang luc qua tai k,, = =
Mdm

Khi may dién lam viéc

binh thuéng thi M < M, . ' 7T
Nhung trong mét thai gian 0 = : -
|

ngin may cdé thé chiu tai  08- 7
lén hon (quéd tai) ma khéng  pg ] ca"‘p/"

. . . ! 7] - ]
x4y ra hu héng gi. Trong " %/ o /,4"
dong ce dién khéng ddbng ///’ﬁz .
bhé nang lue qua tai l‘tm dg 42 < = — =
bing 1,6 + 1,8 ddi vai may g C 1 o
nhé va bang 1,8 + 2,5 dé&i 95 19 2

va@i mdy vita va 16n, .
Hinh 18.15. Dic tinh 12m viée cia

Trong mdy dién khong may khéng ddng bé
dong bd, dong dién mad
may, momen md may, momen cuc dal, higu sudt va hé s6 cing
sudt dzu tiéu chuin hda
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Cac dac tinh lam viéc cia mdy dién khong dong bd duge bidu
thj trén hinh 16-15. 1

16.8. CAC DAC TINH CUA MAY DIEN KHONG DONG B0
TRONG DIEU KIEN KHONG DINH MUC

16.8.1. Dién ap khéng dinh mie

Day la trudmg hop thudng gap trong thue t& va thting U < Ty
-khi ldy dién d cudi dudng day tai dién.

Gia thigt dién ap dat vae dong co dién khéng déng bo thip
han dién 4p dinh mic. Nhu ta da bigt M = U? nén mémen sé
gidm binh phudng l3n so véi dién ap. Néu bd qua dién 4p roi
trong ddy qudn stato thi U, = E; = &, do dd khi U, gidm thi
s.dd. K| va tiu théng ¢ cing giam thec vdi midc 4 nhu vay. Néu
mémen tai khong déi thi vi M = C_®I,cosp, nén I, phai tang 1én
va ty 1& nghich vdi sy bién thién cia ¢ lam may ndng lén.

Khi dién dp giam, hé sé céng sudt cd xu hudng tang 1én, diéu
d¢ dac biét ré rét khi tai nhd vi dong dién tid hda cia dong cd
dién giam xudng.

Vé mat t8n hao,
dién dp gidm co

dnh huwdng nhu'” 1% hd cos® | 4 g L,
sau: tdn hao trong , {1 T3 s d R I /
thép giam di gan e o4 ’
ty 1& vai binh seft 96 H—A a6 /]

o / AL
phuong ciia dién ! i )
ap, tén hao ddng¥ A 4 ;

. 9

trong réto tdng ty P 02 02 A i
lé‘ vai l:'ﬁnh pdhucng [__i_ 2 g/ , 8]
dong dién, ton hao o Lo il 0 raearas w0 O groiaias 10

ddng trong stato

phu  thude vado . ¢ e Céc dic tinh lam viec cia dong co dién
quan h@ giita ddng nsng dbng bé khi di ndi day guiin tu A sang ¥

290



dign tit hda I_ va L. trong d6 I, giam di con L, lai tang len. Rit
cuc & nhitng tai nhé (dudi 40%) tén hao cd giam di, nén higu
sudt cla dong co dién hoi tang 1én so vdi ldc miy 6 dign’dp dinh
mife, nhung khi tdi 1n hon thi higu suéat bat diu gién;-nhahh.
Qua day ta thdy khi mdy lam viée tai nhe (< 50% P, ¥ thi nén ..
giAm dién dp mdy xudng (néu thudng ddu A thi chuyén thanh
d4u Y) d€ cé tinh nang ve cosp va hiéu suft t6t hon (hinh
16- 16). '

16.8.2. Tan 88 khéng dinh mirc _

Ndi chung tan sé cta lubi giit rat dung tidn chufn. Nhung §
nhitng tram ph4t dién nhd, khi tai thay 44i thi téc dé 'quay cia-
déng co kéo cd thé thay d6i lam thn s6 ludi thay ddi. Pheo didu
kién kj thuat, khi tan s6 f thay d6i trong khoang * 5%f,  thi coi
nhu dinh miec.

Né&u khodong ké dén dién 4p roi trén day qudn stato cd thé coi
U = E =f(4).Khi U khong ddi thl & = ¢ . Vi vay f = fo, vi du
nhu £ < f, thi ¢ pbai tang ién, do d6 I, tang r4t nhigu va tén
hao sét p.. cing tang lén, cosp, giam xudng. Tan s6 gidm xubng

of,

con lam cho téc do¢ gidm xudng [n = (1 - s} nén didu kién

lam ngudi may cing gidm di vi phai gidm cong sufit cia may
xudng. Mat khac vi M giit khong d6i nén khi { gidm lam & tang,
nén I, gidm va do sPy, = po,; = myl %r‘z nén hé s8 trugt s clng
giam xudng. Ngoai ra mémen cyc dai cua 4dng co dién bién thién
ty 1& nghich vdi binh phuong ciia tan s6.

16.8.3. Dién ap dit vao khdng dbi xing

Cd thé phan tich hé thdng dign 4p so cdp thanh cdc hé théng
thi ty thuan, nghich vA khong. Khi cac day quiin néi A hay Y va
di€m trung tinh khong ndi d4t nhy thudng gip trong cac ddng co
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dién khéng ddong bo thi hé théng dién ap thd tu khong, khong
anh hudng dén su lam vigc cia déng co va ta od the khong cha ¥
14i. ’

Hé thong dién ap thi tu nghich tac nén tir trudng quay ngudge
nén hé s6 trugt clla roto d8i v6i ti trudong nghich nay 2 - 5 > 1
va moémen do ti trudng nghich nay sinh ra cd tdc dung ham. Vi

. vay hé théng thd tu nghich lam gidm moémen quay cd ich va gay

nén tén hao phuy, do d¢6 phai har ché cong suit cia dong co dién.
Thi dy- 4

Mot dong co dién khong ddng bé rote diy quin khi d€ réto hd
mach va cho dién 4p dinh mic vao stato thl dién 4p trén vanh
truot 1a 250 V. Khi dng co lam viéc v6i tai dinh muc thi téc do
n = 1420 vgph. Tinh:

a} Téc do dbng bo;

b} Téc d% tir trudng quay de ddng dién rdto sinh ra so vdi tée
dd roto;

c) TAn s dong dién d roto;

~-d)y8:dd. cla roto khi tdi dimh mdec.

Glai

a) VI hé s trugt ciia dOng co rét bé s = 3 + 6% nén téec dd
ddng bd cida tir trudng quay n; = 1500 vg/ph, tdc 1a méy cd hai
dti cuc (khi tAn s6 1a 50 Hz).

b) T6c 46 cua tif trudng rbto so véi roto la:

n, = n; - n = 1600 - 1420 = 80 vg/ph.

n, quay cung chiéu v6i roto.

c) TAn s8 dong dién roto:

[ =22 2% _ 566 n
60 60
hay f, = sf, = 005350 = 2,66 H:
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n,-n 1500 - 1420 80 L
trong do: s = a = = 0,053,
n, 1500 1500

d) S.d.d. cla réto khi quay d tc d6 dinh mde:
E, = sE, = 0,063x250 = 13,4 V.

Thi dy 2

Mot dﬁﬁg co khong ddng bd cé cac s liéu sau: ddy quén stato
va roto déu ndi Y; s6 ranh stato Z, = 72; s6 ranh réto Z, = 12;
56 thanh dén & mot ranh stato S, = 9 va ¢ roto S, = 2; day
quéin budc du co 4 doi cye.

Khi lam thi nghiém ngén mach, dién 4p dat vao stato la
U, = 110 V; dong dién || = 61 A va cosp, = 0,336. Tinh:

a) Dién trd va -&ien khédng ngin mach r, x ;

b) Dién tré va dién khdng day quén rdto r, x,. Cho biét
r, = 0,139 Q; x, = 046 Q;

¢) Céng sudt dong co dién tibu thu va cdHng suft tiéu hao trén -
day quin khi ngin mach.

Giai

2s

H

Theo mach dién thay th& khi ngin mach mdy dién khong ddng
bd (xem muc ta co:

I +r=1, X +x=x; 2, = rﬁ+x:.
Do da:
a) z =U“=110 = 1,044 ¢
’ " V361 ’

n
= z tosp, = 1,044x0,336 = 0,351Q; |
X, = z.8inp, = 1,044x0,94 = 0,98 Q.
b r, =r -1 = 0351 - 0,159 = 0,152_(2;

x; = x, - x, = 098 - 0,46 = 0,52 Q.

Dé& xdc dinh r;, x; ta cAn tim cdc hé 6 quy d6i k, k;.
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Ta cd: w, = = = 108;
S,Z,  2x120
2 — 242 - * = 40.
Hé¢ s8 day quédn stato: :
‘ kdql = kyky
Vi buéc di nén k| = 1, con:
o ay . om _ 180
sing;=—  sin - sin
2 2m, 2x3
k; = = : = = 0,963
- ) . x _1BO
sin — sin gin ——o
4 2 4 2q{m, 2x3x3
trong dé: q, =—— = =
2pm, 2x4x3
p2n X
al = i 1
Z, Cqmy

kyqt = Knikey = % = 0,963
Hé 8% dAy quifin roto: k‘,q;Z = k .k,
Vi budc di nén k,, = 1, con

. . 1so
sin — sin
A T
q,sin 6sin
‘ Z, 120
trong dé: q, =

= -= 5
2pm2 2x4x3

kdql = b‘nZer = 0,855



Swikyy, 10840963

Vim =m,nénk =k = = 271;
L= mzotn k= ke wykyz  40x0,955
r, 0,152
r, = - — = 0,0207,
. kK 2,712x2,712
: 0,52
X, =l 0,0708.

kek. 2,712+2, 712

c) COng suit ddng co tidu thy:
P V3U, L cosp, = v3x110x61x0,336 = 3920 W,

n
Hay c6 thé tinh theo cong sudt tdn hao trén 7,
P, = 3r_ = 3x61%0,351 = 3920 W
T8n hao sit trong trudng hgp ngdn mach duge bd qua, do dd
céng sufit ddng ca dién tidu thy dBu b ddp vac 48n hao ddng
trén hai ddy quin stato vi réto.

Thi dy 3

Mot ddng co dién khong ddng b8 ba pha réto Rng sde cd chc a6
litu sau: P, = 11,9 2W; Uy = 220V, Igm = 26 A; f = 50 Hz;
2p =6 P, = T4SW ., P, =480 W; P =235 W, p, = 180 W;
P, = 60 W. Tinh cong suft dién tit, mdmen dién tit va t8c do
quay cta ddng co.

Giai ;

a) Cong suflt dign ti cia ddng ca:

P =P,., Pm-f-!:'E-H-"Cu2 = 11900 +1580 +60 +480 = 12620 W.

b} Mémen dién ti-

P,y P,, 12620
M=— = = = 120 N.m,
@, 27m, 2x.1000
60 60
trong dd
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60f 60x50 -

n = = 1000 vgiph.
p .

c) Téc d6 quay cta dong co:
‘ P 480 :
Vi s == - = 0,038 -

Py 12620 ,
nén n = n(l1 - s) = 1000(1 - 0,038) = 962 vg/ph.
Thi dy 4

Mot dong co dién khong ddng bd ba pha rdto dng sdc cd céc s6
ligu sau: P, = 11,9 AW; Uy, = 220 V; Iy, = 256 A; f = 50 Hz;
2p = 6; ng, = 960 vg/ph; P, = T456 W, P, = 480 W,
I, = 2026 A, x, = x; + x, = 2,18 Q. Tinh mémen dién ti cia
ding co.

Gidl -
Dién trd Pew _ T8 0,398 Q@
]n r, = = = y ;
7 mE 3.6
p 480
1 = o - = 0,39 Q.
~ 60f  60x50
T6c 40 ddngbd: n) = — = — = 1000 vg/ph.
P

n,-n 1000 - 960
n, 1000

Hg 88 truot: s =
Mémen dién ti:
_ m,pUjrys
2nf,{(r, + Cyry2i8)° + x;, + Cx)°)

3x3x(220)%0,39/0,04
= v —_ = 120 N.m,
- 27x50x[(0,398 + 0,39/0,04)° + (2,18)%]
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& day coi C; = 1.
Céu hdi

1. Phan tich nhitng di€ém gifng va khac nhau trong nguyén ly
lam viéc ctia may dién khéng dong bd va m.b.a.

2. Mot dong co dien khong dbng bd roto day gudn, trudc kia s6
vong day cla mot phe cia diy quén réto déu ndi néi tiép, nay
phan dbi thanh hai mach song song. Héi nhu vay ¢ anh hudng
dén dién 4p va dong dién trén vanh trugt cua réto khéng? Co
anh hudng gi d&n tham s6 réto da quy ddi r, va x,? Né&u hé s6
trugt s trude va sau khi dfi vAn nhy nhau thi céng sudt dua vao
va dua ra cé thay d8i gi khéng?

3. Ndu ¢ day quén stato clia mot déng co khong dong bo dat
vao mdt dién dp thi ty thuin c¢d tdn s6 f, d€ sinh ra tif trudng
thuén, & day gudn réto dat vao mét dién ap thd ty nghich od tén
s6 f, d€ sinh ra tit trudng nghich, héi lic dd roto quay theo chigu
nao? Téc d9 bao nhidu? Khi tai thay déi thi tdc d6 ¢ thay d8i
khong? 7

4. Tai sao dong dién khong tai phin tram cua mdy dién khéng
ddng b6 I % lon hon dong dién khéng tai phan tram ctia mb.a,
con doéng dién ngan mach phan tram I % thi lai nhé hon” Dong
dién khong tai 1dn aAnh hudng nhu thé€ nao dén t{nh nang cua
may? .

5. Tim sy lién hé giita cdc cong suft 9 gian d® nang luong cia
may dién khdng ddng b6 voi cdc céng suldt, cdc tfn hao trén
mach dién thay thé&.

6. Néu dién ap ngudn gidm di 5% thl anh hudng dén M., M,
nhu th€ nao? N&u mémen tai khong d8i thi Anh hudng dén n, I,
D, cosyp nhu thé€ nac? )

7. Mot ddng co dién khong ddng bH thigt ké vdi tAn 36 f = 60 Hz
néu dem dung & tan s6 50 Hz va gi dién ap khong d8i thi dién
khdng tan. cosp, M M, va t6n hao khéng tai & thay d8i nhu

max’

287



thé nao? Co anh hudng dén cong sudt clia may khoéng?

8. Mémen phu cta dd6ng co khong ddng bo 13 nhitng mémen
gl? Y nghia va anh hudng clia cdc loai momen dd?

9. Va va gidi thich caec duiing dae tinh Iam viéc cia dong co
di¢én khong déng bé. ,

10. Cho nhiing két iuan chinh khi déng co lam viéc trong disu
kién khong dinh mide va dién dp khiong d&i xdng? -

Bai tap

1. M6t may dién khong ddng b ba pha 6 cue, 50 Hz. Khi dat
dién 4p dinh muc lén stato con diy quin réto hé mach thi s.d.d.
cim Ung trén mdi pha day quédn réto la 110 V. Gid thiét tc do
hic lam viéé dinh mic la n = 980 vgiph; rdéto quay ciung chidu vai
tit trudng quay. Hai: ' '

a) Mdy lam viéc & ché do nao?

b} Lic d6 s.d.d. roto E,  bing bao nhiéu?

¢) NEu gitt chat réto lai va do duge r; = 0,1 Q; x, = 0,5 Q,
héi g ché d lam viéc dinh muc I, bang bao nhigu?

Dép s&: . 2) Ché do dong co;

by By, = 2,2 1

ol =218 4
2. M6t dong co dién khong dbng bo ba pha ddu Y, 380 V,
50 Hz; ny, = 1440 vg/ph. Tham 86 nhu sau:r, = 0,2 Q,
r=025Q x =19, x; =0,95Q, x, = 40 Q; bd quar_.
Tinh 8 d6i cuc; téc d6 ddng bs; he s6 trugt dinh mifc; tAn s
--dong dién réto lic tai dinh mir. Vé mach dién thay th€ hinh T
va can cud vao dé tinh ra tri s6 thuc va tudng d6i cua cde dong

dign I, I, va I,
' Dip 8. p = 2 ng, = 1500 vg/ph;

Sam = 004 f, = 2 Hz -1 =33 4;
I, =S4y = 31924
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3. Mot déng co dién khong dong be ba pha 6 cue, dién 4ap dinh
muc la 380 V ddu Y tan s 50 Hz; cong sudt dinh mic la 28 kW,
téc do dinh muc la 980 vg/ph, lic tii dinh muc cosp = 0,88, tén
hao dbng va sat stato 1a 2,2 AW, t8n hao co la 1,1 #W. Tinh hé s
trugt; tén hao déng réto; hidu suit; dong dién stato va tin sb
déng dién roto khi tai dinh mitc.

Dap s6: s = 0,02: Py = 59 W,
n=818%; 1) =541 =1 Hg,

4. Mot dong co dién khing ddng bd titu thu nang ludng dién
1a 60 kW; téng t8n hao trén stato 1a 1 AW; hé s8 truot s = 0,03.
Tinh cong suit co va tdn hao ddng cha rbto.

Dip s6: P, = 57,23 kW; pe,x = 1,77 kW.

5. Cho m¢t ddng co khéng ddng bd roto day quén od Py = 153 &W;
p =2 U= 380V, ddu Y; P.cuz = 2210 W; P, = 2640 W,
Py =310 W; r; = 0012 Q.

a) Luc tai dinh miic tinh: Py s.0%; ngps My

b) Gia thd momen tai khdng ddi, néu cho vao day quin phan
quay mot dién trd quy d8i r; = 0,1 Q thi hé s8 trugt, tde d6 quay
va t6n hao ddng roto sé bAng bao nhiéu?

c) Bift ry = 15, x; = x; = 0,06 Q, tinh M, 5.

d) Tinh dién tré phu cin thiét phai cho vao roto dé c6 mémen
md méj’ cyc dai, ’

Déap sé: _

a) By = 160,16 kW, 3, = 1,38%; n,,
1000,7 N.m

b) s’ = 12,88%; n’ = 1307 vgiph; Py

c) M., = 20892 N.m; s = Ol

d) r; = 0,108 Q.

6. Mot dong co dién khong ddng bd ba pha roto 1ong sée cd:
Py, = 20kW; U, =380V ddu Y ; n = 88% ; cosp = 0,84 ;

1

1479 vgiph; My, =

L)

20,63 kW
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By, = 970 vgiph Bi&t rang: [/, = 4,5; M /M, = 1,2;
MpuMom = 18
Tinh: a) Iy, I, s}m

b) My, M, M_ .. va tdng t8n hao trong dong co khi lam viée
dinh mic
Ddp s¢: a) Iy, = 41,1 A7 I, = 185A;
Sqm = 0,03
b) My, = 197 Nuni; M = 2362 N.ny;
Mpgy = 354,4 Nom. -
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Chydang 17

o D0 TH) VONG TRON
CUA MAY DiEN KHONG BONG B0

17.1. PAI CUONG

D€ xdc dinh cédc dgc tinh cia mdy dién khong ddong bd, cd thé
lam thi nghiém kéo tdi truc tiép hodc sau khi bi&t cic tham sé
cda mdy, cdn cd vao mach dién thay thé& tinh ra cde dac tinh d6.

Thi nghiém kéo tdi tuy cé thé€ truc ti€p tim ra dugc toan bd
cdc dic tinh cda mdy nhung doi hoi nhibu thi&t bi va thi giy,
nhét 1a d6i voi nhiing mdy ldn. Con dva vic mach dién thay thé
d€ tinh toan b9 cdc d4c tinh, khéi lugng tinh todn tuong déi l6n
va phic tap. Vi vy don gian nhit 12 théng qua vai thi nghiém co
bin va don gidn nhu thi nghiém khong tai va ngan mach, rdi 4p
dung cach vé dd thi vong tron xac dinh cdac dac tinh cha may
dién khéng dbag bé.

Qua db thj vong tron con cd thd thdy ré qui luat bign thién clua
cac dai lugng dién tit va bigt duge tinh hinh lam viéc cda mdy ¢ cdc
ché df ddng co dién, mdy phat dién va ché€ d§ ham.

Tuy vay, phuong phap do thi vdong tron od nhidu thiéu sdt nhu
khi vé chua xét dén anh hudng cda tinh trang béo hoa 15i sit
lam thay déi t8ng trd ti hoa va dién khang tan, khong xét dén
anh hudng clia sdng bAc cao ciia tit trudng déi véi moémen... do
dd nhing gia tri tink duge bang phuong phdp nay khdéng duge
chinh xdc lAm. Nhung db thji vong tron cd thé phan anh duge
nhiéu tinh nang co bAn cia may dién khéng déng bo, cach vé lai
don gidn nén ngudi ta vAn coi dé 1a phuong phap <6 gia tri dé
pharn tich tinh niang cia may dién khong dong bo.
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17.2. CACH XAY DUNG DO TH] VONG TRON

Trong mét mach dién don gidn gdom dién trd va dien khang
dat dudi mot dién ap khong d6i, khi thay d8i dién trd thi quy tich
cla dong dién bién thiér 1a mét dudng tron. Loi dung didu d6 co
thé vé db thi vdong trdn cua may dién khong ddng bo.

Trong mach dién thay
thd don gidn hda clia may
dién khéng ddng b6, néu
ey C, = 1 thi gian do
nhuy hinh 17-1, trong do
ddng didn so cAp dua vao
bAng tdng cua hai dong
dién io(l) va ('ié)- Ta cé:
I, =1, + Iy Winh 17-1. Mach dién thay thS cia méy dién

Déng dién tif hoa I_ chi khdng dbng bO kni 1y C1 = 1
phu  thude vao
tham 86 Z, + Z
do dd cé thé& xdc
dinh dugc bing thi
nghiém. Trong thi
nghidm khong tai,
khi kéo roto quay
dé&n t6c 44 ddng
bo, tics = O thi 1,

b, % A

U {

ta duce dong dién 0

tir héa I, va bifu

thj bang véctc OH ] b R S

trén hinh 17-2. N . -\

Didm H goi la y

di€m lAm viéc Minh 17.2. Céch xdy dung dB thj vong trén.

1. Thitc ra 1 1. nhung 4é don gidn 11 viél b Lo
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dong bo. Cong sudt tisu thu & trén mach tit héa luc nay chi gdm
tén hac déng m I‘rl va ton hao sat m, I r. Ta ¢6 cong sudt khéng
tai lic mdy quay déng bo la:

P = mlIori + mllurm (17-1)

I3
Cosp, = —— (17-2)
m, U\l
Dong dién I, d& léch so véi dign 4p dua vao U, mft gdc ¢,
Thudng cosp, < 0,1, nén p, = 90"

Dong dién I; trong mach nhénh lam visc thay d8i theo dign

T 1-s
trd bién thitn —> =—— r;, Quy tich cia dong dién ddé 12 mot
8 8

dutng tron va cdch vé nhu sau:

Trén truc hoanh ldy mét doan x, + x; = HQ, thing gdc vdi

1-s
HQ, 14y QN = r, NM = r; va MP = T Tam vong trén quy
U

tich & trén truc hoanh va dudng kinh véng tron la HC = .
~Xp x5

Duéng HP cét dudng trdn & D. Dong dién iz la vécta HD. Nhu
vay dong dién so cép I = I + (IZ) la vecto OD. Duing tron 13
quy tich cia dong dién (-1;).

Vi tri cia D thay d8i theo hé s8 trugt s.

Khi 0 < s < 1, diém P & trén di€m M nén di€m D chay trén

—~ .
cung HDK. O di€m gidi han khi s = 1 thi di€m D trung véi di€m
K cho nén di€m K goi 1A di€fm md méay (s = 1).
. 1- 2
Khi s < 0 th digm P & dudi dim N i NP = 1y + — 1y = =
-

¢ tri s§ Am) cho nén diém D & trén cung HCT.

Khis > 1 thi diém P & giita doan MN nén diém D & trén
cung KT. Di€dm T dng vdis = + «=. -
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— e e
Vi vay ta théy cac cung HDK, HCT, KT dng véi nhitng tinh
trang lam viéc khéc nhau clia mAy dién khong dong E’E: cung
HDK dng vdi trang thdi lam viéc dong co dién, cung HCT tng
v&i trang thal méay phat dién va cung KT ing vai trang thai
ham.

17.3. XAC DINH DAC TINH LAM VIEC CUA MAY DIEN
KHONG DONG BO BANG DO THI VONG TRON

17.3.1. Xac dinh cosy

Trén truc tung ldy m6t doan Of = 10 e }am dudng kinh, v
mét nlta vdng tron (hinh 17-3). Mudn tim cosp ciia may khi da
bist trude I, = OD (theo thude ty l& cua dong dién m; = Alcm).
th! ta chi viec kéo dai dudng OD gap dudng tron & h. Ta cd:

Ch Oh

o9 (17-3)
% =3SF T 10 -

Ob tinh theo em.
17.3.2. X&c ditth ey sult dua vao P,

Ti di€in D ké dubtig thing géc véi truc hoanh gap truc hoanh
4 diém e (hihh 17-9). Doan Da chi cong sust dua vao P, va ta cd:
P, = mUlcosp = mUDam =Dam, (17-9
trong dg:

m, = m,U,m, - thubc ty 1& cOng sudt (Wiem);

I,, U, - dbng dién va dién ép pha.

Khi vécto dong dién I, trung v6i truc hoanh thl céng sudt dua
vio bAng 0, do d¢ truc hoanh goi la dudng cong suflt dua vao hay
dutng P, = 0.

Doan Da gip HC & di€m g. Poan &g chl tén lao khong tai
dong bo P, vi: :
P, = m Ul cosp, = mlU’l(_)ﬁmim::sp0
= mUmag = ag.mg.



17.3.3. Xéc dinh cbng suét dién ta P,,, cOng sulit co P,
tén hao ddng pg, va mdmen dién tir M, '

Ti di€m lam viéc D vé dudng thing gdc Da vai truc hoanh,
‘cAt dudng HK & diém c, cit dusng HT & diém d. Nhu ta da bist,
doan Da chi P, 4% chi P_, do d6 doan Dg chi cong sudt (P, - P).

U,i

I

pa.l-'a

2 F{5=ten)

Hinh 17-3. Xic diph cosyp, cOng sufit, mdmen va tén hao
bing db thi vong tron

. Ta cd:

P, - P, = Dgm, = (Dc + & +T@im, (17-6)
Mit khde dya vao mach dién thay th& cia may dién khang
dong bod, ta lai cd:

2 l1-s8
P!-Pozmllz(

r; + 13+ 1) 17-7)
So sanh (17-7) véi (17-6), ta cé:

]
B+ + ) (17-8)

_ 1-
(Be + od + dgim, = m I}

Theo hinh 17-2 va 17-3 ta thdy cac doan MP, MN 2 NQ chi
cac
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1-s8
tham sé

Ty r; va r| ddng thdi ty 1¢ vai cdc doan DT, od

va dg, do dd ta duge:

—_— e— 1-+
Dc:ed : dg =

Ty Ty I (17-9

Cén cit vao hai dAng thic (17-8) va (17-9), ta cg:

-8 N
. - 2 — .

cdm_ = m11’§r2 =

P Pcuzs

-

dgm, = m, Iy = peygs

i m,

It

(Dc + E)mp (17-10)

- B

a2t
m I’5.( r + 1l

2 2
= mI'; — = P,

/1]

/

Vi doan Dc chi cong sust co P, nén ta goi dudng HK la
dudng cong sudt co hay duang P, = 0; doan Dd chi cong sust
dién tit P, nén goi duong HT la dudng cdng sudt dién tit hay
dudng Py, = 0. Céc doan cd va dg chi t8n hao dbng trén réto va
stato pc,; YA Pe, nén doan g chi téng tén hao ddng p,.

Cd khi ta goi dudng song song vdi truc tung di qua H la
dudng tén hao ddng hay dusng p, = 0 vi khoang céach tir diém
D dén dudng dd 1A doan Hg ty 1& vdi doan chi téng tSn hac ddng
2 a0

Vi mémen dién tidt M ty lé& thuan vdi cdng sust dign ti

P

M =—— = (kG.m), trong 46 w, 1 toc db goc dong bo, Py, tnh
yolw,

bing W do d¢ doan Dd cing ddng th¥i chi méomen dién tit M,.
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Dd.my = M, (17-11)
Mp
trong dé m,, =——— 13 thudc ty & moémen (AG.m/jcm).
. M 8w,

Nhigu khi ta con goi dudng HT la dudng moOmen dién tit hay
dutng My, = 0.

17.3.4. Xac dinh t8n hao co p,,, tén hao phy p,
va cbng suét dua ra P,

Khi khéng tai, toc 44 cha ddng cu dién th&p hon téc dé dong
b6 mot it. Do dd ngoai t8n hao ddng trén stato va tén hao sat ra,
tdn hao khéng tai con bao gdm tén hao co va tén hao phu. Vi thé
dong dién khong tai do duge trong thi nghiém khdng tai khong
phm la vécto OH H ma la vécto
oH’ lcn hon OH. Ta thay
doan HA thue chAt ia chi tén
hao co va tdn hao phu. Xhi tai
tang, toc do quay cla réto
giam dan, nén hai tdn hao dg
(p.q + py) cing gidm dan. Khi
ngan mach thi hai t6n hao d¢
hiu nhu bang khong. N6i H'K
gap Da & diém b (hinh 17-3).
Cd thé coi doan be chi tén hao
Py + Py vai digm lam viée
D. Vi cong sudt duara P, = P, - (p,, + p} nén ta co:

Dbm;, = (Dc - cb)m, = P, - (p + pg = P, (17-12)

Pudng H'K goi 12 dudng céng sudt dua ra hay dudng P, = 0.

b

o A=0

0

Minh 17-4. XAc dinh h8 s& twuot s

17.3.5. Xac dinh hé s& truot -

. C6 nhidu phuong phép xdc dinh hé s6 trugt, d day chi giéi
thieu mot trong nhitng phuong phap d6 (hinh 17-4). _
Gita hai dudng p., = 0 va duong HK kéo dai [dy mot doan gt
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song song voi dudng HT. Chia doan qt ra lam 100 phan, 14y di€m
q lam gfc 0%, diém t @ng vai 100%. Khi tim hé 38 truct véi
di€m lam viéc D thi kéo HD gap qt d di€m r. Tri 8 phan tram
cia di€m r la tri s ph3n tram cuda hé s8 trugt. Cach ching minh
nhy sau.

Xét cac tam gidc dbng dang Hed va tqH; Hgr va DdH, ta cd:
de Hq Hd qr '

—_— Vi — = =
- Hd qt dD Hgq
Nhan hai ddng thic v6i nhau ta cd:

r de
ar _ X _Pee_ (17-13)
qt dD Py
17.3.6. Xdc dinh hiéu suft 4
Can o vao nhitng phan tich trén ta biét:
E‘l‘“p = Zp = Ppe * Peul + Peu2 + Pca + Py
Kéo dai duong H'K gap
truc hoanh & di€m L (hinh
17-5). Qua difm L ké

Y

dudng song song vdi truc 0 p
tung. Goi dutng dd la 4
dudng tdng t8n hao Ip = 0 1 c
vi khodng cach tit diém D o L a
dé&n dudmg dd la d La ty

I g oa! ofin a;y -
lé véi doan chi téong ton I‘/—'[ 100y
hao ba. Gita hai dubng “m ‘e "
ZP = 0va duﬁng H'K kéo Kinn 17-5. Do higv suit béng
~dai 14y mot doan mn song 43 thi vong trén

song vdi truc hoanh. Chia
doan mn lam 100 phan 14y di€ém m lam g@e. Khi musn tim hiéu
suft ctia may ¢ digm lam viéc D, kéo dai duong LD gap dudng
mn & di€m p. Tri s6 phan tram & di€m p 1a higu sudt cha may.
Cach ching minh nhu sau:
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Xét cic tam gidc ddng dang Lab va mnL; LaD va pnl, ta cd:

ab nL La - pn
o W TR
Nhar hai didng thde v8i nhau ta co:
ab _ pn ;
T =
aD - ab mn - pn
hay =5 = =
va duge: E = % =—& =y (17-14)
< &= TR R

17.3.7. Xéc dinh ning ke qué Wi k,,

Theo dinh nghia, ning lyc qud tai k, =

Mopax

dm

Ta da biét dugc mémen dinh muc cia mdy, do d6 chl cAn tim
moémen cuc dai M, . trén 4O thj vdng trén 1A xéc dinh dugc ndng

e qua tdi k. Céch tinh nhu

sau: Y% s
Theo hinh 17-6, tit 0O, ké
dudng thidng gdoc véi HT va ' 7
gap duong trom ¢ S. Tit S keé ; !
duttng thdng gdc xudng HC 0 ¢

gap HT & 1. Ta bi&t S1 1A
khodng xa nhét tif cac di€m
trén dudng trén xudng dudng
‘mdémen M, = 0, vl vay ta c¢:

Slmy = M

max

Hinh 17-8. Xd¢ dinh nling ke
qué t&i km

(17-156)

-Trén day giéi thidu cdch dimg-db thj vong trén d& xdc dinh
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cosp, cOng suft, moémen, hé s6 truot, hiw sudt & mo6t tri s8 cua
ddng di¢n lam viéc I, cho bi€t trude. N&u thay ddi dong dién I,
nghia la thay d8i vi tri di€m D thl ta s&8 duge mot loat cac tri sé
tuong dng. Bi€u thi cdc quan hé giita cosp, P, M, s. 5 véi P, 1én
dd thi ta sé duge cac dac tinh l1a3m viéc cia may dién khong déng
bd.

17.4. XAY DUNG DO TH| VONG TRON BANG §8 LIEU THi
NGHIEM KHONG TAI VA NGAN MACH CACH VE THUC TE

Theo cach chi din trén, phai biét tham s6 clta miy mdi vé
duge dd thi vong tron, nhung trong thde t& nhitng tham s6 do
thudong khong bist trudec nén phai dung thi nghiém dé€ xac dinh.
Sau day gigi thidu cach ding thi nghiém khong tai va ngdn mach
dé vé dd thi vong tron.

Trudc khi ndi dén cdch vé thuc t&, hay nghidn cdu qua noi
dung thi nghiém khong tai va ngin mach cia may dién khong
ddng bo.

17.4.1. Thi nghiém khbng tai

" Khi-lam thi nghiém khéng tai ta dat dién 4p dinh mdc U,
vao stato, nhung d€ tranh sai s6 o6 tinh chdt ngiu nhién va dé
tim ra t6n hao ca va tén hao phu thudng ta thay ddi dién ap dua
vao tit 0,6+ 1,2 U do dong dién khoéng tdi [ cong sudt

dm?

. kbong tai P, theo sy thay d8i cia U,. Dudng bi€u dién cla [, va

P, =P, - mnfl’grl theo U, nhu ¢ hinh 17-7.

(0]

_ Mudn dung thi nghiem khong tai dé xdc dinh déng dién tit héa
I, trén db thi vong tron (tdc la xdc dinh di€m H dng véis = 0)
thi phai loai trit t8n hao co va tén hao phu ra khéi cong sudt

" khong tai. Do (p,, + pp khong.ddi khi U, thay d8i, cdn t6n hao
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sét p, thay d8i theo U cho

. . . 2T A
nén kéo dai dudng bidu dién "’a 2;
P, = f(U)) dén gap truc tung ' 4
thi giao diém chi tdn hao co a8} 18 7 z
| 06} 12 i
Peor i //' Y
Muén cho cdch vé duge 84t 09 L=< //
chinh xdc hon, ta vé dudng ]

it 2104 -
biu dién P, = f(UH, do | I

dudng bi€u dién gan gidng
dudng thing, nén kéo dai ra

tién lgi va chinh xac hon. Hinh 17-7. Dic tinhskhdng tAi cia
déing cd dién khéng. dbng b.

0 4z 0i 45 a8 0 12

Dé&i vai tén hao phu vi kho
tinh chinh zdec nén thuing 14y
bang 0,5% cong sudt dua vac. Thudng (p_, + p;) rit nhd, nén khi
khéng can vé do thi vong tron mét cdch chinh xdc thi cd thé bé
qua khong can loai trit cdc tdn hao nay nhu & trén.

17.4.2. Thi nghiérﬁ ngén mach

Khi thi nghiém ngan mach, ta gi¥ réto ding yén. D& cho dong
dién ngan mach I, khéng qud ldn, lam chdy may, thudng khéng
d€ dong dién vuot qua 1,5 + 2 1an dong dign dinh mue. Vi vay
dién dp ngdn mach U, dva vao tuong d6i thdp so véi U
Thusng khi I, = L, thi U, = 0,15 + 025 U, . '

Néu dua dién 4p ngdn mach 1én bang dién d4p dinh mic thi
dong dién ngan mach dinh mdc I, = (4 + D, .

dm-

Trong thi nghiém ngin mach, réto khéng quay nén céng suit
dua ra P, = 0. Lic d¢ t8n hao sdt rdt nho (vl dién dp thdp) so
vdi t8n hao ddng nén cd thé bd qua. Cong sudt dua vao cd thé
xem la t6n hao ddong trén stato v réto, ta cd:

P, o= peyy + Poya - 17-16)

Quan hé giita dong dién-ngin mach I, va dién 4p mach U cén
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phu thudc vao tdng trd ngdn mach (chi y&u Ia dién khéng ngin
mach x, = x; + x3).
- Theo miic d béo hda clia mach tu tan, dien khing ngdn mach
x, ¢d tri 6 khdc nhau, gAy khd khan cho viéc phan tich s§ lidu
= thi nghiém ngén mach khi vé dd thj vong tron. Mat khac vé 4d
thi vong tron theo x_ 1A bién khong cd ¥ nghia thuc t& gi l6n, do
dd thudng chi nghién citu hai trudng hgp mach tif tdn chua bio
hda, dng véi ldc mdy lam viéc béng va duéi dinh midc va mach tir
tém béo hda Ung v6i hic md mdy.
a. Trung hop mach tir tén chua béio hoa
Thudng khi may dién lam viéc tit khong tai dén dinh mdc thi
. dong di¢n khong 16n nén Anh hudng bao hda cia mach tir tan ft,
di¢n khéng ngin mach x 6 the coi la mot s6 khang d6i. Luc do
ta cé th€ dang cdc s§ lidu thi nghiém ngdn mach 4é vé dd thi
-vbng tron mot cdch d& dang.
Voi dién dp dinh mudc, dong dién ngdn mach dinh muc bang:

Udm
Iy =1, —U_n | (17-17)
Cong suft ngdn mach dinh muc bing:
8]
P, = P,( —2)? 718
Un
va hé 38 cong suft lic ngdn mach dinh mic bang:
P P
cosp,y =—— = nd (17-19)
mlUnIn mlUdmInd

Vong tron vé thes nhing sd ligu nay goi la vbng tron lam viéc,
ding dé xde dinh cae dac tinh lam viée cia may dién voi cong
gudt dinh muc trd xudng.

b. Trudng hgp mach tit tan bao hoa

Khi md may, dong dién lén (thudong bang vai bdn lan dong
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dié¢n dinh muc) nén mach ti tdn chiu anh hudng cia bdo hoa,
dién khang x, sé nhé di, dudng kinh vong tron trong trudng hep
nay s5é 1dn hon vong tron lam viéc. Vong tron nay ding dé€ xac
dinh cdc dac tinh md may cta déng co khéng ddng bod nén goi la

vdong tron md mady.

Mudén dung thi
nghiém ngin mach d¢
vé db thi vdong tron
ltec md& mady, ta phai
v8 ch dudng dac tinh
ngin mach bing cdch
thay d6i dién ap ngdn
mach va tim quan heé
gitra dién dp va dong
dién ngdn mach nhu
d hinh 17-8. Kéo dai
doan béao hda cuaa
dudng dac tinh ngin

L
Id’m
TF »
I :
lat
P
3t i |
4 3 //, II
‘ ,/’ l
3tin ~ '
2 ]
1 |
0 i !
y U, 454, 0 &
Hinh 17-8. D3c tih ngdn mach cua dm

may dign khdng ding bd

mach cd thé tim duge dong dien-ngén mach dinh muc I, va hé

s6 cong sudlt ngdn mach dinh mite cosp;, .
sau. Theo hinh 17-8 ta co:
Udm B Uo

cospny

—

Ui‘:-Uo
Uy, - U

Py = P, (—2% ¢ {17-20)

U - U

n 8]

Pra

V3 Ugplig

Cé thé dung edch tinh

trong da I, . P;, U, la cdc trj sé do dyoc qua thi nghiém ngén
mach J khu vue mach ti dd bio hoa.
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c. Céch vé thyc té dd thi vong tron
blng s6 liéu thi nghiém.

Céch vé nay duge tién hanh nhu sau. -

1. Tit thi nghiém khong tai biét dong dién tit hda (coi nhu
‘bAng dong dién khong tii L) tinh ra cosp, = Pofm']UmI;J, chon
“thuée ty 16 dong dién thich déng vé vécto [, = OH xdc dijnh duge
‘diém H. .

2. Ti thi nghiém ngén mach tinh ra dong dién ngén mach
dinh mic I, va cosp,, rdi vé vécto ind = OK dudge difm K.

3. Vé vong tron quy tich qua H va K ma tAm & trén dudng
gsong song vdi truc hoanh di qua H. Tam O’ la giao didm cua

dudng trung true cia HK vdi dudng song song véi truc hoanh di
qua H (hinh 17-9).

Muén duge dudng

P, = 0 {dutytng HT) Y

thi tit K ké dudng

thdng gde vai truc X
hoanh gap dudong HC . {l

& K,. Doan KK, bifu == r
thi tzﬁﬁg tén hao ddng foe ’/"?.'__,.-—"ﬁ
lic ngAn mach. Trén £ ,’:f.:"'/ N 1K
doan KK, i4dy doan ) [4

K_;I"{2 chi t8n &hao

ddng trén cubn day ‘Hinh 17-8. V& db thi vdng tron bing s& lidu

stato. N6i HK, gap thi nghidm khdng tai va ngdn mach
dutng tron 0 didm T.

Céch xdc dinh di€m K, nhu sau:
Theo ¥ nghia cia R_Kz va I_{:RZ da ndi & trén, ta co:

KK, m E,r r
192 _ 1aah1 - (17-21)

KK, mBr + 1) r,
trong dd r, |a dién tré pha cla day qudn stato, cd thé do truc
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tifp; con r, = r; + r; la dién trd ngin mach, cg th€ tim duge tir

thi nghiém ngdn mach:
P

- n
r, =

Céin cha y la cdc tri

s6 dién trd nay ddu phai 4/

quy v& nhiét d6 75°C
trude khi sit dung.

4. Mudn vé vong tron
md mdy ta sif dung cdc
tri sé: L, Poy va
cosp;y d€ xac dinh diém
lam viéc ngdn mach K’
trén vong trdn. Phuong
phdp vé céac dudng khac
giéng nhu cach vaé vai
vong tron lam viée,

—3—
mIgn

17-22)

K'
¥orsg frin
me'may
khu e gud &

L4
virig frén

¢ lém vide

D3 thi vong tron lam vide

vi dB thj vong trén md médy

Vong tron lam viéc va md mdy nhu 8 hinh 17-10.
17.5. DO THI VONG TRON CHINH XAC

Voi may dién khéng dong bo cdng suit nhd, trong mach dién
thay thé& khi ta dem mach dién tit hda dich ra truéc tdng trd cia
stato ma khong higéu chinh ham s8 thi s& cc sai 56 tuclﬁg ddi 1an,
nhdt la déi vdi cosp. Vi vay phdi dung mach dién thay thé chinh

x4c d8 vé do thj vong tron.

Néu bé qua r_, trong téng trd tit hoa z, thi hé s6 hiéu chinh

C, sé bang:
. r +jx, r
o} 17 j— = Cle¥ (17-21)
Z xm
X
trong do \/1 +—)“ (— o= 1 -

Xm
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r ‘Ir
vi tg¢'= 1 = o |
X, + 3, U,

Tdng tré mach dién thay th& bang:
élzl- + clzz'zs = (ztclej“u +Z‘2$Ciz)e'j25" =

j2y . e Ly 2 .
= e¥[(r, + jx)C(cosy +jsiny) + (= +jx,)C7]  (17-22)
S

Vi1 <<x; + x,, nén siny va cosy cd thé viét ghn dung bing:
eing = T T
\/rf + (x, + xm)z X + x,

X, + x
cosy = ! L = 1
‘/‘ 22
T+ (xl + x)

Thé vao (17-22) va don gian hoa cudi cang ta dudge:

r

CH +
$

(‘JIZ, + (:J‘lzz}5 = e'jz"u[(r] +

2

+ j(Cx, + Chxy +— )]

m
Mach dién thay thé nhu & hinh 17-11 va déng dién tai bing:
: U, &%

- L = (17-23)

r-' » bl

1, +-5 C% + jICx; + Cixy + ri/x,)
s

Vi goc y r&t nhé nén cd thé coi:
: 2r, 2lr,
X+ X, B U,

Can cd vao mach dién thay thé nay d€ vé dd thj vong tron thi
ta nhan thdy rdng, quy tich dong dién vdn 12 mot dudng trdn
nhung dudng kinh HC quay di mét gde 2y so véi truc hoanh

tg2y = 2tgy =
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{hinh 17-12). Cy thé dudng kinh vong tron quy tich nay bdng:
U, U, ,
HC = =
f

X, + /X, X,

trong dé x, = Cix; + Cfx‘z.i"

Phuong phap dung thi, _;;'.
nghiém vé vong tron giéng.
nhu trude, chi cé 14y HC
lach véi truc hoanh mét gdc:
2y,

Doan Da chl cong suit:

. Vé 3 di.; '

;10 ‘;_Pg t,hén,g: goc; 1" Minh 17-11. Mach didn thay thé chinh xéc

, chiéu cdc diém c, d, g cua may didn khéng ddng bb
lén dudng Da gap 8 céc
diém ¢’; d’; g'. Ta co:

p (4]

d’g’.mp = Pcul’

(_"L_‘,'mp = Pcur

De'm, = P,

Cdch higu chinh nay
cd nghia 16n ddi v6i may
dién khong ddng bd cong
sufit nho, vi I, va r, lan-
nén goc 2y tuong d6i
lén.

agm_= P ; "
(3

Hinh 17-12. D thi vong ton chibh xac

Cau hdi

1. Dung db thi vong tron € phan tich dac tinh lam viéc cia
may dién khong ddng bd trong trudng hgp nao thi khdng thich
-hop. N&u phai hi¢u chinh thi xét mat nao?

2. Néu tang di¢n trd vao roto thl dudng kinh vdng trdn cda db
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thi vong tron o bi 4nh hudng khong? Vi tri cac digm trén vong
trdn dng vai cdc dudng s = 0,5 = + = cd bi Anh hudng khong?
Theo hinh vé thi dac tinh md may va nang ldc qud tai cd bi 4nh
hudng khong?

3. Trong pham vi lam vigc cda may phat dién khong ddong bo,
cd mo6t doan & phia trén truc hoanh, lic dd may ldy cong suat tdc
dyng tir ludi vio nhung mady lai &.trang thai mdy phdt. Giai thich
ditu nay nhu thé nao?
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Chuong 18

DONG CO DIEN KHONG DONG 80
UNG DUNG HIEU UNG MAT NGOAI
O DAY QUAN ROTO LONG SOC

18.1. DAI CUONG

K&t cdu dong co dién 1dng sdc don gian, 1am viée chic chén,
ed dac tinh lam viéc t6t nhung dac tinh md may cia nd khong
duge nhu cda dong ca dign réto day quén. Dong didn md may
thudng 1dn ma moémen md mdy lal khdong 1én 1ldm. D& cai thién
dac tinh mé mdy cua dong co dién rdto 1ong sdc, ngudsi ta da ché
tao ra nhiéu kidu dac biét troeng dd hién nay ding nhiéu nhat &
dong c¢o dién réto ranh sdu va roto hai 1dong sée (hay léng soc
képt. Nhiing diong cd dién nay ngoai hinh dang dac biét cia ranh
réato ra, nhing két cdu khac hoan toan gidng nhu & dong co dién
roto long sde thudng, Mae dau loai déng co dién nay cd vai dac
tinh lam viéc hoi xdu hon so vdi déng co dién thudng, nhung vi
cai thién dugc dac tinh md may nén van duge dung rong rai.

Chugng nay sé gidi thidu két cdu,nguyén ly lam vidc va mot s0
dac diém cua dong co dién réto ranh sdu va long séc kép.

18.2. PONG CO DIEN ROTO RANH SAU

18.2.1, Nguyén ly lam viéc

Dong cu dién ranh sdu lgi dung hién tuogng tu thong tan trong
rinh réte giy nén hién tugng hiéu dng mat ngoai ciia ddong dién
dé cdi thién dac tinh mé mdy. D€ ting hiéu ing mat ngoai, rdnh
roto cé hinh dang vira hep, vita sau, thudng t§ 18 gia chidu cao
va chiéu réng ranh vac khodng 10 + 12. Thanh din dat trong
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rénh cd thé coi nbhu gdom
nhidu thanh nhé dat xép lén
nhau thec chi®u cao va hai e z

dAu dugc nsi ngdn mach lai

béi hai vanh ngdn mach, vi :-.‘ \ /,’7
vAy dién Ap hai dhu céc ;‘;:.‘, //
mach song song dJ bing s l

nhau, do dd sy phanphdi :f:': h !

Hong dién trong cac mach ::f:: }

phu thudc vao dién khang -’::;5 i

tdn cia ching Khi md may, 7

lic dAu dong dién day quin

réto cd tAn sd 1dn nh4t a) k)
{bang tAn 8d ludi f)), tu
théng tan cidng bién thién
theo tin sd dd va phan bé
nhu trong hinh 18-1a.

Hinh i8-1. 5y phan bd tU trudng. tan
va déng din trong rach sdu cda
déng c¢ diBn 6to léng séc lke md may

O day ranh, tir thdng mdc vdng tAn nhidu nhat, cang lén phia
miéng rdnh ti théng tan cang it di, do do dién khdng tan ¢ ddy
ranh 1dn va phia miéng ranh thi nhd, vi vay dong dién sé tap
trung lén phia trén miéng ranh. Su phan bd cua dong dién theo
chidu cao ctia ranh nhu & hinh 18.1b. Kat qui viéc dong dién tap
trung 1én trén, tigt dién tdc dung cia day din coi nhu bi nho di,
dién trd réto tang lén va nhu vay lam cho mdémen md mdy tang
lén. Mat khac déng dién tap trung lén trén cing lam giam téng
tit thong mdc vong di mot it, nghia 12 x, sé nho di.

Higu ing mat ngoai clia dong diégn manh hay yéu phu thugc
vao tédn sd va hinh ddng ctia ranh, vi viy khi md mdy, tén s6 cao,
higu dng mat ngoai manh. Khi téc dé may tang lén, tan s ddng
dién réto gidAm xudng nén hidu dng mat ngoai gidm di, dong dién
dan din phén bé lai d2u dan vi vay dién trd roto r, coi nhu nho
trd lai, dién khang tan quy d6i cda roto do tin s6 ludi x, tang
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lén, dén khi may lam viéc binh thudng thi do tan s6 domng dién
rdto thap (khoang 2 + 3 Hz), hién tuong hiéu dng mat ngoai hau
nhu khéng cd, do dé dong co dién ranh sau trén thuc té cd dac
tinh lam viée nhu cdc may loai thudng.

Can chi ré ring hidu dng mat ngoai cia déng dién roto cling
_ton tai frong may dién roto ldng sdc loai thudng, nhung vi ranh
N khong sau nén Anh hudng khing rd rét.

18.2.2. Mach dién thay thé

Theo su phan tich trén ta thay rang, dac di€ém cua déng co
dién rdnh sav 1A cdc tham s6 cua réto ry va x3 khdng phél la
hing s6 ma thay d&i theo hé s6 trugt s. Vi vay chi can xét dén
yéu t6 d6 thi cd the dung mach dién thay thé d& phan tigh tinh
niang cia déng cd dién.

Téng tré cia day quin roto bao gdm toéng trd trong thanh didn
dat trong ranh va téng trd ctia vanh ngin mach. Vi hiéu dng mat
ngoai ciua dong dién chi sinh ra trong ranh ¢dn d hai vanh ngin
mach thi khong dang k& nén dién tré va dién khang clia réto quy
d6i sang phia so cap sé la:

o=kt
X, = kx5 + x5, (18-1)
trong do:

k, - hé s6 do hiéu ing mat ngoai lam cho dién trd trong thanh
din tang lén;

k, - hé sd do hidu dng mat ngoai lam cho dién khang tan
trong ranh giam xudng.

Cac ky hi¢u nho “r" va "v" la chi ranh va vanh ngin mach.

Hé s6 k_va k, od quan hé véi hé s& quy d8i chitu cao £ Déi
vdi thanh ddn bing nhoém c6 chidu rong bing chiéu réng ranh thi
3 tan s6 50 Hz hé s6 £ c6 thé col bang:

§=h Vs = 071hVE (18-2)
FPCu
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trong do: k, - kW

s - hé s8 truct; 1o . 3 5
h, - chi®du cao rinh; ,=2.§ ce:- .
P Py - dién tréd sudt \ \_(*Q

clla vat lidu thanh dédn va N

dong. 25 P 3
Hé¢ s6 k. va k, duge xdc ’ e **'P(.ﬁi 2

dinh bang cdch nghién cdu ¥ f \

truong dién tit ¢ rinh roto. s \

D6i v6i ranh hinh chit nhat, pa

hé sd k. va k cd thé tra /k,=|§

theo dudng biu dién & ¢ 1 F; 3 & s&

- hinh 18-2. D& v&i cdce
kiu ranh khac sé cd nhiing
dudng cong bi€u didn khac.

Khi £ = 2thicdthécoikr=§vékx=g§.

Mach dién thay thé ciia déng co dién ranh sau nhy & hinh
18-3. Mach dién nay khac vdi mach dién thay th&€ cda dong co
dién loai thudng & ch8 tham s8 cua day quin thi cdp 1a tdng clia
hai lugng khéng bi€n ddi va bién 'ddi. Trong hinh 18-2, k_ va k
12 nhitng ham cida hé s8 trugt s, ciia vat liéu lam thanh thanh
din va kich thufic cha nd. Do vay cdc tham s8 ciia réto cing la

Hinh 18-2. He s& kr va Ky

Hinh 18.3. Mach dién thay thé€ cla may didn khéng ddng b réte rénh séu
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nhitng ham bién d6i nén quy tich dong dién rbto cua dong co dién
ranh sdu khéng phdi la m{it\ dudng Lrdn nia, nhung do khi hé s
trugt s nho, tac dung cia hidu Ung méat ngoai khéng rd rét nén
trong pham vi 1am viée dinh mdc hoac khi s < s, ¢d thé dung dd
thi vong tron binh thudng d€ phan tich tinh ning cia déng co
dién. Con khi s > s, qu# tich cua dong dién roto khong phél l&
dudng tron nita ma la méHt dudng cong khdce.

Dang ¢o dién réto ranh sfiu § dién d4p dinh muc thuong cd
dong dién m3 méy vA mémen mo may nim trong pham wvi sau:

o 4si6va kg4 i
Idm dm '

Hiéu suit ciua dong cd dién rdnh siu khong khac dong co dién
thudng la bao. Chi cd cosp hei thdp vi dién khang tan roto lén
han loai ranh thudng. Ciang vi Iy do d6 n&a M, cing nhé
hon. Pham vi ebng sudt cua loai dong co dién nay vacdd khoang
50 + 200 kW, '

18.3. PONG CO DIEN HAI LONG SOC

18.3.1. Nguyén ly lam viéc

Dang co dién loai nay cod hai lbng sdc & trén roto. Cac thanh
din cda long sdc phia ngoai cd tiét dién nho va thudng lam bang
dong thau cd dién trd lon. Cac thanh din cua léng sdc phia trong
c6 tigt dién &n, lam bang ddng dé 48 cd dién trd nhd, nhung do
ranh tuong d6i sdu, ti thong tdn nhidu nén dién khang tan 16n.
Néu hai Idng séc ddu dic bang nhém thi mgj e6 vanh ngén mach
chung. Gitta hai Ibng sdc cé moét khe hé nl)(} ndi lidn ranh cua
15ng sdc ngodi vai ranh ciia 1dng sdc trong d& cho tir théng tan
phéan b8 nhu & hinh 18-4, nhu vdy cd thé lam cho tham sd cia
roto théa man duge yéu céu ciin thiét nh&t dinh ve tinh nang md
may cla dong co dién. Khi déng co dién md may, tin s8 rbto
bang tin s6 ludi do dién khédng cda 1dng sdc trong 16n nén dong
dién chi yéu tap trung & 16ng sdc ngoai. Ta cd I, >> I, (trong
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dd cac ky hiéu "k" chi long sdc ngoai; "Iv' chi léng sdc trong).

' X,
Goc pha cia hai dong dién d6 véi s.d.d.E, phu thude vao — va
X ' ' Tk
¥ P 1, l6n, x; nhd cdn r,, nhé, x|, 16n nén I gan cing pha

Iy
véi E,. con I;, cham sau E, nhigu. Vi vay khi md may long sdc
ngoai sinh ra mémen 1én, cd tdc dung chi ySu nén goi la Idng sde
md nmidy. Khi lam viéc binh thudng thi higdu dng mat ngoai cda
dong dién yéu han di, dién khang cua 1dng sdc trong nhd lai,
déng dien 16n 1én. Do I,, va I, gin cung pha véi E, ma dong
dién lai ty 1& nghich v6i dién trd nén I, >> I nén ldng sdc trong
chd y&u sinh ra moémen, ta goi dé |2 idng sde lam viéc. Nhu vay
thyuc t& cd thé coi dong co dién ¢d hai lang sdc lam viéc song
song va dac tinh M = fis) cia loai déng co dién nay cé thé ecoi
nhu la tong hop cae dac tinh M| = f(s) cta hai [ong sdc. Thay
ddi kich thudc, dang radnh cta hai 13ng sde va khe hd gitta hai
long sdc. dung vat lidu khac nhau d& lam thanh din cd thé thay
- d8i tham s8 cha hai lbng sde d8 duge dac tinh M = f(s) theo y

. mudn.

18.3.2. Mach dién thay thé
Xét su phan b6 tir thong z

tan trén hinh 18-4 thi dong
dién & long so. trong [, Ly #0 E
phén 16n sinh ra tif théng

tdn mdc vong ldy nd la I
@, con d i L+ 13 _
ol cOn dong dién réte I,

{bao gom dong dién ¢ Iong 7

séc ngoai I, va long soc
trong I, ) sinh ra tir thong Hinh 18-4. Sy phin b8 1l trudng tdn va
mdc vong cho ca hai léng  ¢ang Jign trong déng co dign hai 18ng

sdc P,. Goi dién khdng ran s6c khi md may
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da quy d8i dng vdi hai loai tit thong tan trén la x,, va x;, thi
mach dién thay th€ sé nhu 6 hinh 18-5, trong dd 3, va ry, 12
dign trd 1dng sdc lam viée va md mday da quy déi.

Trong mach dién
thay thé phan mach
g¢ cdp va phan
mach tit héda gidng
nhu trong mach
dién thay thé& caa
may dién loai
thuong, x,, tuong
dng vdi tu thong
Py Tyfs + ixy, la
téng trd da quy d8i
cla l&ng sdc trong
khi cd dong dién

Ty,
L, di qua; % la dién tré dd quy déi clia long sde trén khi cg

G/

Hinh 18-5. Mach dién thay th€ cda mdy dign
khéng dbng bd 8to hai IBng séc

dong dién I, chay qua.

# 20
A
e 16
] N
Hinh 18-8. D3c tinh M = {(s) ) // 2
cua ddng cd dién khdng - / !
dbng bd 1dte 1Bng sbe 7 10
thudng (1), rdto 1Bng rdnh siu // 28
(2) va rBto hai Idng séc (3) o 46
] 84
- 02

5

325



Dong dign md méy vA mdOmen md may cia déng co dién haij
lbng sdc & dién ap dinh miic vao khoang:

I ' M
X —4+60va— =12+ 20.

Do diéimkhéng tin cila rﬁdtn; 1dn nén cosp thdp. So vdi loai
ranh sdu thi dong co dién loai nay ding nhigu kim loai mhu hon,
nhung cd th€ thigt k& diac tinh md may moét céeh linh hoat hon,

Pham vi céng sufit cia loai déng co dién réto hai lBng sde ti
vai chuc dén 1250 ikW.

Dac tinh M = f(s) cia cac loai doéng ca dién thudng va déng
co dién ranh sdu, 1dng séc kép duge trinh bay trong hinh 18-6.

18.4. CAC DANG RANH ROTO KHAC

D€ ing dung hiéu dng mat ngoai & day quin roto 1dng sdéc
mot cach o6 hiéu qud, ngodi cdc rdnh siu va hai 16ng sdc ngudi
ta con ding cac ki€u ranh nhu d hinh 18-7. Vi kich thudc phia
trén rAnh bé lai, nén khi mé mdy do hiéu dng mat ngoai, dong
dién roto hiu nhu t4p trung lén mat thanh din, dién tré roto r,
tang léan ré rét lam cho tinh nang md mdy tdt len. Mat khac ciach
ché tao réto lbng sdc vdi cidc dang rénh nay dé& hon roto hai long
gdc nén ngay cang duge dung nhibu.

Hinh 18.7. Rénh séu dang Hinh 1p-8. Ranh sfuy
cd o v& hinh thang dac nhdm



D6i véi nhitng déng co dién khong ddng bd cdng suat dén
100 AW, day quén roto thudng ddc biing nhém va cd dang ranh
nhu & hinh 18-8. '

Cav hdi

1. Cac tham s6 cia day quén roto dong co dién khong ddng bd
trong qua trinh md mdy phu thude vio nhitng y&u td nao?

2. Vi sao hé 8 cong sudt cda dong co Idng sdc rdanh siu va hai
long sde thudng nhé hon so véi clia dong co dién 1dng sde loai
thudmg?

3. O dong co dién khong ddng bo roto hai Idng sde, hai long
sdc ¢6 thé€ ding chung vanh ngan mach hoac riéng, nhu vay
mach dién thay th& cd gi khédc nhau? Tai sao tinh nang md may
khi hai 1bng sdc ¢é vanh ngin mach riéng t6t hon?

4. So ganh tinh nang cdc loai dong co dién khéng déng bo roto
1dng sdc leai thudng, ranh sau hai long sde va roto day quén.

5. Ngusi ta dung nhitu dang rianh réto khac nhau d€ dat muc
dich gi?
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Chuong 19
MJ MAY VA DIEU CHINH TOC DO

18.1. QUA TRINH MO MAY DONG CO DIEN
KHONG DONG BO

Trong qua trinh md mdy dong co dién, mémen md may la dac
tinh chi y&u nhidt trong nhiing dac tinh md may cia déng co
dién. Muén cho may quay dugc thl mémen md may cGa déng co
dién pbai 16n hon mémen tai tinh vA mdmen ma sat tinh. Trong .
gqui trinh tang téc, phuong trinh can bing déng vé mémen nhu
sau: :
| dw

M- M =M =J_é? (19-1)
trong dd:
M, M, va l\-'f[j - mémen dién tU cia déng co dién, mdmen can

vi mbfmen quan tinh;
D?
J =— - hang s6 quan tinh;
4g
g = 9,81, m/s® - gia t8c trong trudng;
G va D - trong iugng va dudng kinh phin quay;
o - tée d§ gdc clua réto.
Khi da bist dac tinh co cia dong co dien M = fi{n) va cia tai

M, = f,(n) thi ¢ th& tit cong thic {(19-1) tim ra quan he gida

t8¢c d¢ va thdi gian n = {(t) trong qua trinh mé mdy. Cdng tit
bi€u thuc trén ta thfy mudn ddm bdo tdng téc thusin lgi, trong

de
qua trinh mé mdy phai gi e > 0, nghia 1a M > M_. Vai mot
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guan tinh nhu nhau, M - M_cang lén thi t6c dé tang cang
nhanh. Ngugc lai nhitng mdy cd quan tinh ldn thi thoi gian md
mdy lau. Déi v6i truding hop ¢d véu chu md may nhiéu lan thi
thol gian md may ianh hudng nhidu dén ning suidt laoc dong.

Khi bit dau md may thi roto dang ding yén, he so trugt s = 1
nén tri s6 dong dién md m4ay cd thé tinh duge theo mach dién
- thay thé:

(19-2})

I =
" Vi, + Cro + (x; + Cxy)*

Trén thyc té, do mach tir tdn bdo hda rat nhanh, dién khiang
gidm xudng nén dong dién md may con Ién hon so v@i tri s6 tinh
theo cong thie 119- 2. 0 dién ap dinh mdc, thudng dong dién mé
mdy bang 4 dén 7 lan dong dién dinh mic. Dong dién qua 16n
khong nhirng lam cho bin than mady bi nong ma con lam cho dién
ap ludi gidm sut nhiéu. nhat la doi vdi nhiing ludi dién céng sudt
nho.

19.2. CAC PHUONG PHAP MO MAY

Theo yéu chu clia san xudt, dong co dién khong dong bho Juc
lam viéc thudmg phai md may va ngirng méy nhigu lan. Ty theo
tinh chat cua tdi va tinh hinh clia ludi dién ma yéu cau v& md
maAy d6i vai ddng co dién cing khac nhau. Cd khi yéu cdu mémen
m3d may ldn, co khi ¢an han ché& dong dién md may va cd khi can
ca hai. Nhitng yéu cau trén doi hdi dang co dién phai cd tinh
nang md mday thich ing

Trong nhiéu truigng hop. do phuong phdp md may hay do chon
dong ecd dién co tinh nang mé may khéng thich ding nén thudng
hong my.

Noi rhung khi md may mdt déng co cdn xét dén nhﬁng yéu
ciu «u bin sau- '

L. Phai vo mémen méd may da lan dé€ thich dng vai dac tinh co
cua tai; .
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2. Dong dién md mdy cang nho cang tot,

3. Phuong phdp md mdy va thigt bi can diung
don gidn, ré tign, chdc chan;

4. T8n hao coéng sudt trong gua trinh ma
mdy cang th&p cang tot.

Nhitng yéu ciu trén thuiing méu thudn vai
nhau nhu khi doi hét deng dién md may nhoé thi
thutng lam cho mémen md may gidm theo hoic
cAn thiét bi dat tign. Vi vay phdi cdn et vao
digdu kién lam viéc cu thé ma chon phuong phap Hinh 19.1. M

md may thich hop. may trde tidp
déng cd dign
19.2.1. M¢ méy tryc tiép dong, co dién roto  knéng dbng bs

1dng séc

- DAy 14 phuong phap md may don gidn nhit, chi viéc ddng truc
tigp déng co dién vao litdi dién 1a duge (hinh 19-1). Nhung lic
mé mdy tryt tiép, dong dién md may twong ddi lon. N&u quan
tinh cva tai tuong d6i 16n, thoi gian md may qua daj thi cd thé
lam cho miy nong va Anh hudng d&n dién 4p cia ludi dién.
Nhung néu ngudn dién tuong ddi lén thi nén dung phuong phap
nay vi md mdy nhanh, don gidn.

19.2.2. Ha dién ap md méy

Muc dich cia phuong phdp nay la gidm dong dién mé may
nhung ddng thdi momen md may cing giam xudng, do dd déi vai
nhitng tai yéu ciu cd moémien md may ldn thi phuong phdp nay
khong diung duge. Tuy vay, déi vdi nhitng thigt bj yéu cAu moémen
md mdy nhé thi phuong phap nay rat thich hop. Cé nhitng cich
ha dién 4p sau:

1. N6i dién khdng néi ti&p vao mach dién stato

Khi md may trong mach dién stato dat n6i tiép mot dién
khang. Sau khi mé may xong bdng cach ddng ciu dao D, (hinh
13-2) thl dién khdng nay bi ndi ngdn mach. Digu chinh trj s6 cla
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dién khdng thi cd thé o6 duge dong dien md mdy can thiét. Do cd
dién dp giang trén dién khdng nén dién Ap mo may trén dau cuc
déng co dién U sé nhé hon dién 4p lusi U, thinh 19-2). Goi

dong dién md ] u
(9

may va mémen 7]

md may khi md
mdy tryc tiép la
I, va M. Sau
khi thém dién \’Qﬁ
khang viao, dong

o

dién md mdy

con lai [ = kI

-
E

trong do k < 1. lI;
Né&u cho rang _ 'f
khi ha dién ap o] e [
ma m.éw .tham o~ ﬁi 3(6

e O =
30 cla may dién -

van git khong

Minh 19-3. Ha ap md
ddi thl khi dong winn 18-2. Ha ap méd may bing bién ap
dién md& m4dy may bing dién khang ) v ngiu

nhé di, dién ap

dau cuc dong co dién sé bang U, = kU,. Vi mémen md may ty la
vii binh phuong cia dién Ap nén ldc dd momen md may bang
M, = k°M,.

Vi du néi dién khdng vao ung véi k = 0,6 thi [ = 0,61 va
M, = 0.36M,. nghia la chi bang 0,36 lan mémen mdé may luc
Uy, Uu di€m cta phuong phap nay la thiét bi don gian, nhung
nhuge di€m 1a khi giam ddng dién md may thi mémen mé may
gidm xudng hinh phuong lan. '

2. Dung bién ap tu ngiu ha dién dp md may

3¢ dd lic md may nhu & hink 19-3, trong dé T 1a bién ap tu
ngdu, bén cao Ap ndi voi ludi dién, bén ha 4p néi v8i dong co
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dién. Sau khi md mdy xong thi cdt T ra {bang cich ddng cau dao
D, vao va md D, ra). Goi ty s6 bién ddi dién dp cda bign dp tu
nglu la ky (kp < 1) thi U = kU,. Do dd dong dién md méiy va
mdémen md méy cia dong co dién sé la: I, = kol va M = k-erk.
Goi dong dién ldy tU ludi vao la I, (dong dién so cdp cha bién ap
tu ngiu) thi dong dién do bang: I, = k{l, = k?rl'k.

So v&i phuong phdp trén ta thdy, khi chon ky = 0,6 thi
modmen md mdy van bang M; = 0 36ML nhung dong dién md may
I8y tif luéi vao nhé hon nhiduw: I, = };TI‘k = 0,36I,.

Ngugce lai khi 18y tu ludi véo mot dong dién md may béng
dong dign md may cia phdyong phdp trén thi vai phuong phap
nay ta c¢d mémen mé mdy lén hon. D6 1a uu di€m céa phuong
phap dung bign ap tu ngiu ha thdp dién dp md mdy.

3. M&é may bing phuong phap Y - A

Phuong phap mé may Y - A thich

ing v&i nhing may khi lam viéc binh Y
thuong dfu tam gidc. Khi md may ta déi .
thanh Y, nhu vay dié¢n dp dua vao hai :_]_F._
dau mbi pha chi con cd U3 ]

Sau khi mdy da chay rdi, d8i lai Lamm viée
“thanh cdach ddu A. S0 d0 cdch d4u day

nhu & hinh 19-4. Khi md may thi dong | [—
ciu dac D, con ciu dao D, thi déng v& % O
 phia dudi, nby vAy may ddu Y. Khi mdy  ¢73
- da chay rdi thi dong chu dao B, v& phia Mg'may
trén, mdy dfu theo A. Theo phuong phdp

Y-A thi khi day quédn d&u Y, diép 4p pha winn 19.4. M3 may v-A
trén day quén ia:

1
ka =_\f'§ Ul' Ta co:

1 1
Uy = le va M= - My




Do khi dfu Y d& md may thi dong dién pha bang ddong dién
day ma khi m& mdy truc tiép thi may du A (khi 8y Uy = U, va
I, = V3 L) cho nén khi mé may d4u Y thi dong dién
bang

1 H
I, = §; =E K¢ =-—31k. nghia la dong dign va momen md mdy

1 :
deu bang 3 dong dién vaA moémen khi md mdy truc tiép. Trén

thuc té trueng hop nay tuong ty nhu dang mét bién sp ty nglu

dé mé mdy ma ty s6 bign doi dién ap ky =-\f—3 .

Trong cdac phugng phdp ha dién 4p md may ndi trén, phuong
phdp md may Y - A tuong déi don gian nén duge dung rong rai
déi vdi nhitng ddng co dien khi lam viéc ddu tam giac.

19.2.3. MG méy bdng coch T . 4
thém dién tré phy vao roto & ’,xfi Al
Phuong phap nay chi thich =17 2 ) -—"‘ .
dung véi nhirng dong co dién roto | |- P AR PT
ddy quan vi dac di€m cia loai _ Pakv “ i‘i
ddng co dién nay la cé thé thém \‘\ St
dién trd vao cudn day rote. Nhu I
ta da biét, khi dién trd roto thay g N

d8i thi dac tinh M = f(s) cang sé 0 a8 nE 44 a2 @
thay d8i. Khi dizu chinh dién trd  #inn 19.5. Dic thh mémen khi -
mach dién rato thich dang thi sg thém diégn té vac réto d€ md may
dugc trang thai md may ly tuong

(dusng 4 o hinh 19-5). Sau khi may di quay, dé gid mdt momen
dién ti nhdt dinh trong qud trinh md may, ta cdt dan dién trd
thém vao roto lam cho qua trinh tang téc cia déng co dién thay
d3i tir dusng M = fﬁé) nay sang dudng M = fis) khac nhu § hinh
19-5 d8i tir dudng 4 roi sang dudng 3, dudng 2 va sau khi cit

o
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toan bo dién trd thi s6 theo dudmg 1 tang tée dén di€m lam viéc.

Dang déng co dién réto ddy quin cd thé dat dugec mdmen md
mdy 1dn, dong thdi ¢d dong dien mé mdy nhé nén nhing noi nao
md méy khd khan thi diing déng co dign loai nay.

Nhuge digm cla dong ¢g dién réto day qudn la réto day quén
ché& tao phuc tap hon réte 1dng sdc nén dat hon, bdo quan cing
khd khin hon, hiéu sudt cia may cing thdp hon.

19.3. PIEU CHINH TOC PO DONG CO DIEN
KHONG DONG B0

Cho dé€n nay, ngudi ta da nghién cdu nhidu vE& vin d& didu
chinh t6c d6 dong co dién khéng dbng bd nhung nhin chung thi
cdc phuong phédp didu chinh t6c d6 déng co dién khéng ddng bo
dBu cd nhitng vu khuyé&t di€m caa nd va chua gidi quyét duge
toan bo van dé nhu pham vi digu chinh, nang lugng tiéu thy, do
bing phdng khi didu chinh, thidt bj sit dung. Vi vay trong nhidu
nganh céng nghiép quan trong nhu can thép, van tai, det, gidy,
co khi, v.v... cd yéu chu didu chinh t8c d6 tuong déi cao ngudi ta
vin con dung nhidu déng co didn mét chidu hay dong co dign
xo0ay chidu ¢d vanh gdp-. Mac dAu viéc diéu chinh téc 4§ déng co
dién khong ddng bé cd mét sd khd khan nh#t dinh, nhung trong
nhiing truding hgp ndc dd thi ding phuong phdp didu chinh téc
do thich hop cing ¢d th€ théa mian duge yéu chu.

Cac phuong phap diBu chinh chi ySu cd thé thuc hién:

1. Trén stato: thay ddi dién 4p dua vao didy quéin stato, thay
dfi s6 doi cuc cha day qudn stato hay thay di tAn sd ngudn dién;

2. Trén roto: thay ddi dién trd roto hode néi ndi tiép trén
mach dién roto mét hay nhidu may dién phu goi la ndi cip.

Sau day sé trinh bay ting phuong phdp didu chinh téc do dd.

19.3.1. Didu chinh t6c dd bdng céc thay ddi s6 doi cuc

Ndi chung dong co dién khong déng bé trong digu kién lam
vidc binh thuéing cd hé s8 trugt nhd, do d6 téc do cua dong co
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dién gin bang tdc d6 dong bd n, = 60f,/p. T diy ta thAy khi tin
s6 khong d6i thi téc dd dong b cla dong co dién ty lé nghich vdi
s6 do6i eve, do dd khi thay sé d6éi cuc ciia diy qudn stato cé thé
thay ddi t6c 4o duge.

Day quén stato ¢d thé néi thanh bao nhiéu s6 déi cue khic
nhau thi téc d6 cd bdy nhiéu cp, vi vay thay d8i téc d6 chi cd
thé thay dfi timg cdp mot, khéng bang phing. Thuong cd hai cdp
toc db goi la dong co dién hai tdc do6. Cing cd loai ba, bdn téc do.
Cé nhidu cach thay d6i s§ d6i cuc clia day quén stato.

1. Ddi cach néi d€ cd s6 d6i cyc khdac nhau. Diing trong dong
co dién hai toc d& theo ty 18 2 : 1;

2. Trén ranh stato dat hai day quén doc lap cd 36 dbi cyc khdc
nhau, thudng d€ dat hai tdc d9 theo ty
le 4 : 3 hay 6 : 3;

3. Trén rdanh stato ¢é dat hai day
quin déc l4p cd s6 doi cuc khdc nhau,
mbi day quén lai c6 thé déi cach ndi d€
cd 38 doi cuc khde nhau, dang trong '
dong ca dién ba, bén tée do. @ } [

Day qudn réto trong déng co khong | T . r
dong bo roto day quén c6 s8 d6i cuc i
bang s0 do6i cuc cua day quén stato, do
dd khi dfu lai ddy quén stato d€ cd sd X, |4 :

x

z
ddi cyc khdac nhau thi ddy quéin réto

X

h

clng phai ddu lai, nhu vay khong tién b)
lgi, do do ngudi ta khong diung loai
dong cd dién nay d€ didu chinh t6c do
bang cach thay d8i s6 dai cdc. Nguge
lai stato 1bng sdc co thé thich ing véi A 5
bat cif s6 d6i cuc nao cua day quén
stato, do do thich hop cho dong co dién

thay d6i ddi 6 d6i cuc d€ diBu chinh Hinn 19-6. Sd dB nguydn
tdc dé. Iy v& thay di s8 d&i cyc

1
X

T [
A

&

c) - JL’X
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S db céch ddi ed d6i cuc nhd hinh 19-6.

So sédnh hai hinh 19-6a va b ta thdy rdng cing cing hai cudn
day dd, tity theo ciach dfu thuian hay nghich ma dugc bude cuc
khéc nhau, nghia la &6 déi ctc khac nhau theo t§ 16 2 ; 1. Hai
cudn day dd cling cd th€ ddu néi tiép hay song song theo y8u ciu
cia dién 4p va dong dién nhw & hinh 19-6b va c.

Tuy theo cdch ddu Y hay A va cdch d&u day quén pha song
song hay néi ti€p ma ngudi ta ch& tao déng co dién hai tdc do
thanh loai m6émen khong d6i va loai cbng sudt khéng déi.

Goi cong sufit déng co dién hai téc d6 vai sé d6i eye {t (p)) 12
P,, voi s6 doi cuc glp doi (p;) la P, thi theo hinh 19-7 véj cdch
dfu Y/YY, ta cd:

P, = V'ﬁUlI’chos:pl
Gia thi€t khi ddi t6c do, hiéu sust 7 va cosp khdng ddi thi ta

whly
CIE R

giisl

LALR)
(P 25, Ah R 3 (B 28) '
Hinn 19-7. 50 db dfu day guén Hinh 19.8. 50 db ddu day quin
khi d8i t8c do theo ty @ 2 : 1 voi khi ddi t6c 0 theo ty I 2 : 1 véi
mémen khong déi céng sudt khdng déi -
- Pl
co: oz =2 : (19-2)
P, . .

Vi téc &4 khi may cd cOng sudt P, gép doi téc d6 khi may co
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cbng sudt P, (n; = 2n,) vA do quan h¢ P = oM, trong do w 14
t6e do gdc cha roto ddng co dién; M, P 12 moOmen dign ¢ va cBng
sufft dBu truc cfa dong cu didn, nén ta cd:
E -_(f'_l_l‘.‘_l. -_Z_M;l =9
P, wM, M,
Tir dé ta duge M, = M,, nghia 1A mdy dugc ché tao theo loat
moOmen khong @4i.
O hink 19-8 v6i cich dfu A/YY, cong sudt cia may la:
P, = V8 U,V3Iycosp,

P, = v3U,2[xcosp,

ta cd ul 2 1,156 = 1 (19-4)
a co: —_— = = = ], = -

P, V3

M M
4
J o
S Ak
0 7’ a2 ”

Hinh 19-9. Do tinh cd M = f(m Hinh 19-10. Do tith ¢d M = H{n)
cla 8ng cd didn hai tfe a0 od cla dong cd dign hai tdc db cé
30 ob dfu day phu 9 hinh 19-7 s6 dd dfu diy nhu & hinh 198

Dong co dién hai tfc 40 ddu theo ki€u nay thudc loai coOng
suft khong ddi.

Dac tinh ¢ca M = f(n) cda dong co dién hai t8c d6 d&u theo
Y/YY va A/YY ducge bifu didn & hinh 19-9 va 19-10.

19.3.2. Dibu chinh tée do bing cach thay ddi tin s
Nhir ta da biét, t6c d6 cta dong cq dién khong ddng bo bing:
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_ 60f,
n=nl-s =—-=(i - s)
o

Khi hé s6 trugt thay d6i it thi n ty l&¢ thusn véi f,.

Phuong phap they d8i tin s6 didu chinh téc ¢¢ 14 mot phuong
phédp di®u chinh bing phing, .doéng co dién cd thé quay véi bat cd
t6c d6 nao. Mubn vAy phai st dung mét ngudn dién dac biét, do
dé chl khi nao ¢6 nhigu dong co dién cung thay déi t6c d6 theo
mdt quy ludt chung thi cach digdu chinh nay méi c6 y nghia hién
thye, vl cd th€ diing mét ngudn dién bién tAn chung.

Véi digu kién ning luc qud tai khéng d8i, ¢d thé tim ra duge
quan hé giita dién d4p U, thn s f, vA mémen M.

Trong cOng thiic v&@ moémen cuc dai (2-4), khi bé qua dién trd
r, thl mémen cyc dai c¢ thé viét thanh:

Uf
M =C (19-5)
f

max

trong dd C 1a mot he s6.

Gia thist U'l va M’ 1a dién 4p va mbdmen ldic tAn sd 12 f'l thi
cin ct vao diBu kién nang luc qué tai khdng d6i, ta cd:

L =Mmax
M’ M
M My, Ui
ay: _— = = =
M M uUif;
Uy fy M
Do d¢ ta duge: ——0r =—0o _— {19-86,
U, f, M

Trong thuc t& dng dung, thuong yéu cAu mémen khéng d8i
{nhu trong mdy cat got kim loai), nén ta cd:
U, f.
1 =1 (19-7)
U, f,

888



hay = const.

U,
1

Khi yéu ciu digu chinh tdc do dam bdo cong sust ca P, khong
ddi, nghia la M ty 1& nghich véi t&n 8§ f, (nhu trong dBu may
dién), thi ta cd:

M’ f,
M f
Th& vao cong thic (19-6), ta duge:
I, f,
S Y (19-8)
U, £

Né&u yéu ciu mémen ty 16 vai binh phuong ciia téc d6 nghia 1a
M ty 1é voi - (nhu trong quat gid) thi ta eé:
U f, .
== L (19-9)
U, £,
Tém lai khi thay ddi tAn s& d€ didu chinh tc d6 ta phai ddng
thai didu chinh ci dién 4p dua vao ddng co dién.

19.3.3. Didu chinh t8c dé
bdng cach thay déi dién ap : "
Khi thay ddi dién 4p ludi, vi
du gidm xudng con x lan (x < 1}
dién ap dinh muc (U, = xU,, )}
thi momen sé& gidm xudng con x2 :
1An: M = x‘zMﬁm. MN&u mémen tai ‘I;ﬁ
khang d8i thi tdc d4 gidm xudng, 5 L &W
hé s§ trugt tang tlf s, d&n s, rdi
s. nhu trong hinh 19-11.

a Mnds

10 08 45 Ok 47 %0

Hinh 19-11. Didu chinh tdc dé bing
Theo coHng thie vi momen cach thay 48i dién 4p cua stato

M = C_IyP tiong dd C_ 14 hd s8, ]
thi khi dién dp lwéi U, = xU, , s.t.d. E va tir thong ® ciing
bing x 1An tri 36 ban dhu va I, tang lén Ux lan. Vi hé s8 trugt:

339



2, )
Pcuz m, 1’51y <

5 = =

Py, Ma,
nén hé s8 truot s sé biing 1/x* Win hé s6 trugt cd va téc do dong
co dién ¢ dién dp U, = xU, =6 I

E]
n =nfl - —) (19-10)
X2

Theo hinh 19-11 ta thoy hé 86 trugt t6i da cd the digu chinh
duge 1a s = 5. Gia thigt M, /M, = 2, hé 8§ trugt dinh mic
84 = 0,04 thi theo bi€u thic Kiox (2-46) tinh ra duge s, = 0,15,
nghia 1a pham vi didu chinh t6i da 12 15%.

Khi mémen tdi bAng momen dinh miuc thi dién 4p thdp nhét
ia U, = 0,707 U, . Néu mémen tai nhé hon tai dinh mdc thi
dién dp cdn cd thé gidm hon nua.

Cd th€ dung phuong phap d6i ndi Y-A hoac dung dién khang
ndi ndi tidp véi diy quén stato d€ ha dién 4p.

19.3.4. Didu chinh tSc dé bdng céch
thém dién trd phu véo
mach roto

Phuong phdp nay chi ¢ I3 3
th& dung d6i vai dong co | _F<] <
dién roto dAy qudn. Théng =
qua vanh trugt ta ndi mot
bi&n trd ba pha c¢d thé didu pd ;
chinh duge vao day quén el d NPl M
roto. Hinh 19-12 chi rd khi ] Ham
thém dién trd phy vao thi w
cic dudng dac tinh M = fls) % 2 100 28 05 44 02 0
nghiéng ve phia trai. Vai
mot mbmen tai nhat dinh, HInh 1812, DiBu chinh t8c do bdng cach
dién trd phu cang l6n thi be thém dién trd phu vao 1ot
s6 trugt d diém lam viéce
cang 16n (tit o d&n b rdi c), nghia 14 t6c 46 cang gidm xudng. Vi

L
Mt
Z2

)
XT
1 I

v
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moémen ty 1& vdi cong xudt dién tirt P, nén ta cc:

(17-11)

L

s s : :
trong d¢ r; |2 dién trd phu. Do P, ban than khong d6i, 1, cing
khong ddi nén mot by phan cong sudt co trudc kia da bién thanh
ton hao dong mzlgr[. Vi ldc dd céng suit dua vao khong d6i nén
hiéu sudt da gidm. D6 la khuy&t di€m cua phuong phdp didu
chinh nay. Mat khac t8c dé didu chinh duge nhigu hay it cdn tay
theo tai 1on hay nho, do-dé khi khong tai khéng thé€ dung phuong
phdp nay d€ digu chinh téc do duge.

19.3.5. Didu chinh t8c dé bdng ndi cdp

Ding phudang phép nay cd thé dem nang lugng tiéu hao trén
dién trd phu ctia phuong phap trén truyén cho mét déng co dién
néi cdp d€ dfi thanh co nang. Nhu vay cd th€ lgi dung triét d€
nang lugng ldy tit ludi

s~
dién. 3 J 1 l
Néi néi cdp cd nhidu ' R
kidu, J day chi gidi thiéu
mot trong nhing kidu s 1 LI
ndi cfp vdi may dién T2 1T - T°8 7V

khong ddng bo.

Khi néi cép thl réto
cua hai ddéng co dién
khdng ddng b6 duge ndbi
vdi nhau cd vé dién lin
vé cd nhy hinh 189-13.

Déng co diétn A lam viéc binh thddng vdi ludi dién con day
quén stato cua dong co B néi voi mot bign trd ba pha ddi xing.
Nhu vay dién 4p dua vdo déng co B chi 1a dién d4p tAn s4 th4p
cua rato dong co dién A théng qua vanh trugt chuyén sang réto
dong ca dién B. Goi s6 d6i cyc ciia mdy A va B la p, va pg; tan

Hinh 19.13. Déng co dién khdng
abng b8 ndi clp
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86 iudi 1a f; tan 50 dong dién roto cia may A la f,; téc do dong
bé cia cic may la n,, va n p; téc do réto chung cda ca hai may
1a n_ thi ta co: :

60f N, - I

n, =—" vaf, =—> o (19-12)
P 60
Téc 46 ddng bd cia mdy B (tic 14 téc db cla tir truding quay

so vdi rfto) bang:

60f p
g == - nc)“‘é
Pg Pp
va hé s§ trugt bing:
Ng- N
Sy = ——O (19-13)
g

Ta nhan thdy B lam viéc gidng nhu mdt dong cu dién khong
dong b thudng ma tin sé ngudn dua vao trén roto la f,, con
may A thi nhu mét dong co dién khéng déng bo thuong ma trén
réto n6i thém mot mach dién dang tri cia dong co dién B. Cudi
clng vi réto hai may ndi chat +&i nhau v& co khi nén cung quay
véi téc dé n.. Hi€u nhu vay thi rat dé thdy, khi khong tai. hé sd
trugt clta may B, sy = 0 nén n|p = n_. Lic do n_ 1a té« dé dong
bo cta cad hé thong néi cdp va goi la n;, va dudc quan hé sau:

: Pa
Ui = Nggp=oy = Mygsk=0) = My - Oyt —
Pp .
do dd ta cd:
o0f
n, = 0, Pa_ . ! 119- 141
Pyr+t Py Pyt Py

Y nghia cta n,. nhd sau: 12 t8c d¢ cua hé théng n6i cdp khi
hé s6 trugt cda déng co dién B bang khéng.

Coéng thuc (19-14} cho ta thdy téc do6 dong bo cha hé théng la
t8c dd dong bd cia mdat ddng co dién tuong Ung co s6 dbi cue
bing p, + py
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Cdce dong co A, B co th& lam viéc riéng 1€ nén ta duge ba toc
do tudng dng vdi ba s6 doéi cc p,, pg va py + Pp- '

Phan phéi cong sudt cua hé thdng néi cdp cling gidng nhu g
mdy dién thuong. Cong sudt dién tit cia may A la P, , chia lam
hai phan, mft phan bi€n thanh cOng sudt co & dau truc P4, mét
phan thanh céng sudt dién truyén cho may B la P_. B6 qua tén
hao trén mdy thi cong sudt phan phéi clia hai may nhu sau:

on M _ Pa (19- 15)
Pch Ny - I Pg-
trong d6 cong sudt cd cha may A la P ,, = Py e ;
g
X . Big - B
cong sudt co cta mdy B la P, = P = Py 4
LS TN

Tu do ta th4y tai cia hai may dai th€ phan phdi ty 1& theo s6
ddi cuc cda ching.

Vi céng suft kich tir ding d€ gay nén tir trudng quay cta ca
hai mdy nén dong dién khong tai 1dn hon so véi mét dong co dién
thutng. T8ng trd ngdn mach z, cing ldn hon do dd dong dién
ngidn mach nhd di. Didu d6 lam cho cosp va M, gidm xufng.

. Ngoai nhitng phuong phap digu chinh tdc dé ké trén, cd thé

diung phuong phap dua s.d.¢d. phu vao mach dién roto d€ didu
chinh téc dé déng co dién khéng déng bo. Tuy nhién phuong phap
nay khong thuc hién trén nhing déng co khéng déng bd loai
thutng méa dude ché€ tac thanh mét loai dong co didn dac biét goi
la déng co dién xoay chidu cd vanh gop. Nguyén by lam viée caa
loai mdy nay sé duge trinh bay trong Phan thd tu cia gido trinh.

Céu hdi

1. Tai sao khi thém dién trd phu vao mach roto thi ¢ th& cai
thién duge dae tinh md mdy cia déng co dién khang ddng bd roto
day quidn? Néu thém dién khang vao thi dac tinh md may cd bi
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Anh bhudng khong? 7

2. Cd hai dong co dién khong ddng bd rdto léng sde cung cong
sudt dfu lién truc cing kéo mot tai. Khi mé may ddu hai day
quin stato clia hai may ndi ti€p vdi nhau; md may xong thi ddu

~gong song nhu binh thuong. Cdch md& may nhu vay anh hudng

nhu thé nao dén moémen va dong dién mé may?

3. Tdm tdt cac phuong phip md may ddong co khong déng bd
va 30 sdnh vu nhuge di€m clia méi phuong phdp.

4. Trong d(}ng_::u dién roto ddy qudn, néu ndi dién khang vao
mach dién roto thi ¢d th€ diéu chinh téc do duge khong, lic dé
ddc tinh co thay d6i nhu thé nao? M, M .. s higu suit,
cosp thay ddi nhu thé nao?

m' “dmt

5. Tom tat cac phuong phap digu chinh tdc do dong co khong
ddng bo, so sanh uu khuyét di€ém va pham vi dng dung cua timg
phuong phap.

Bai tap

1. M6t dong co dién khong dong bd ba pha 50 Hz, 6 cuc,
P, = 100 kW; t4c d6 quay n = 980 vg/ph. Gia thiét tén hao co
cia mdy bang 1% cong sudt dinh mdc dua ra va mémen tai luén
gitt khong d8i. Trong mach roto ndi thém dién trd phu dé téec do
giadm xuﬁhg con 750 vg'ph. Hay tinh cong sudt tiéu hao trén dién
tréd phu va cong sudt dua ra ciua ddéng co dién khi gidam toe do.

Dap s6: pp,» = 23,7 &W; P, = 76,3 kW,

2. Cho m¢t dong co dién roto day quin p = 2: { = 50 Hz ;
r; = 0,02 Q; n = 1485 vgph.

Néu mémen tai khong d8i, muén eé n = 1050 vg/ph thi phai
them dién trd phy vao réto 1a bao nhiéu? Né&u thay d8i dien ap
dat vao day quén stato dé€ ed dude téc do noi trén (khéng cd dién
trd phu vao roto! thi phai dat vao stato mat dién 4p la bao
nhiéu?

Dip sé: rp = 0583 QU = 03160 .
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Chuong 20

~ CAC CHE DQ LAM VIEC VA CAC DANG KHAC
CUA MAY DIEN KHONG DONG BO

20.1. DAI CUONG

Miy dién khong dbng b6 ngodi ch& 46 lam visc chu yéu la
dong ca dién con cd th€ lam viée & ch& 46 mdy phat dién va ch&
d4 ham. Nhing phuong thic lam viéc nay tuy khong théng dung,
nhu doéng co dién khong dong b6 nhung cing cd vi tri nhdt dinh
cia né trong thuc tién.

Midy dién khéng ddng bo roto day quén khi ditng yén con dung
lJam may di2u chinh cAm dng, mAdy dich pha, v.v... Ngay nay
ngudi ta cang ding nhitu may dién cuc nhd theo nguyén Iy cia
mdy dién khong dong bé trong cac nganh ty dong. Nhing mdy

Y
I&:f(-rc)
:[’:[\T Ydml\— L _
p r f‘_. R
¥,
L
) et
o I
a) _ b

Hinh 20.1. Miy phat didn khdng dbng bb ty kich
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nay mudn hinh muén vé va cong dung cia nd cing rit rong rai.
Vi vay trong chuong nay cing sé ndi so qua nguyén ly lam viéc
cia moét vai loai thong dung.

20.2. CAC CHE D0 LAM VIEC DAC BIET
cUA MAY DIEN KHONG DONG BO

20.2.1. May phat dién khéng ddng bd
lam viéc déc lap vai lrdi dign

Nhu da ndi § Chuong 2, khi mdy dién khéng ddng b6 lam viée
vdi ludi dién ma ta dung déng co so cdp kéo nd quay nhanh hon
téc d6 ddng bd thi mdy phédt ra céng sudt dién tdc dung vao ludi
nhung van nhan cong sudt phan khéng tit ludi vao, mot mat dé
kich tir, mat khac d8 cung cdp cho cong suft phan khang do tir
tdn trén stato va réto gy nén. Can chu ¥ & dong dién khong tai
I, trong mdy dién khéng dbéng b6 1dn dén 20 + 25%],  (trong
~ may dién khong déng bé nho, I cd thé con lén han) nhu vay
.cong sufit phan khang kich tir d4 chiém 20 + 25% cong sudt cia

mdy phat. Viée tidu thy nhigdu cong sufit phadn khaag cha ludi lam
cho hé 36 cong sudt cia Judi kém di. Dd 1a nhuge diém chinh cda
mdy dién khong dong bo.

Tuy nhién may phat dién khong dong bé 1lam viée vai lusi
ciing o6 uvu di€m nhu: md mdy v& hda vao ludi rdt dé dang, hiéu
sudt van hanh cao, vi viy nd od th€ dang lam cdc ngudn dién bé
trg nha.

Msdy phdt dién khdéng ddng bé con cd th€ lam viéc doc lap véi
ludi. Viéc xac lap dién ap khi may lam viéc doc lap can 4 mot
qua trinh ty kich nhu trong mdy dién mét chidgu kich thich song
song. Can cd vao dd thi vécto may phat khong ddng bé (hinh
16-8), 1, vugt truéec E mot géc 90°, nghia l1a mdy phat phai phat
ra mit dong dién dién dung mdi co thé tu kich duge. Vi vay khi
lam viéc déc lap voi ludi ta phai ndi & dav cuc midy mot lugng
diéen dung C thich dang. Ngoai ra, cing gidng nhu méay phat mot
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chi®u, dién ap diu tién van dua vao su tbn tai cda tit du. Nho
s.d.d. do tir du sinh ra E_,, ma trong dién dung C c6 dong dién
dién dung lam cho tit thong dude tang cudng. Digu kién cudi
cung dé xdc lap dién dp la cd di dién dung d€ cho dudng dac
tinb dién dung va dudng tit hda cia mdy phat giao nhau ¢ di€m
lam viéc dinh mdc (hinh 20-1b).

Dubng thing tigp tuyén véi doan khong bao hoa cta dudng tir
héa goi 1a dudng dac tinh dién dung gidi han. Hé sd gdc cia
dudng thing lic dJd bing:

D2 (20-1)
tgay, =—— =——r -
g I ngh
Do dd khi khéng tai mubn xdc lap dién ap thl phai cd:
a < agh
hay C > C, (20-2)

nghia la dién dung mAc vao phai ldn hon moét tri 86 gidi han. Ti
hinh 20-1 ta thdy, néu tang C thl o gidm va dién dp dau cuc U,
tang lén.

Tri $6 dién dung ba pha cin thi€t d€ kich tit cho mdy dat dén
dien ap dinh mic ldc khang tai ¢d thé tinh theo cong thdc:

V3l
=—# 10%; uE (20-3)
lUl

O

trong do:
I, - dong dién ti hda, cd thé coi ghn bang dong di¢n khoéng
tai I;
U, - dién ap day cua may;
f, - tAn s6 cia dong dién phit ra:
LI L)

60 60

Dé tiét kieém dién dung thudéng ddu ching thanh A (hinh
20-1a). Khi c¢ tai phai ludn gilt tSc 46 l&n bing tdc d6 dinh mide.
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Né&u khong git duoc téc d¢ khang ddi thi f, giAm xudng, dudng
d&c tinh tit hda thdp xudng, mat khdc tge
cia dudng dac tinh dién dung tang lén
khién cho dién 4p gidm hodc mé&t dn djnh.

Khi cd tai thi do <d dién khdng cia tai
va dién khang tan ti coa stato nén phai
tang thém dién dung d¢ dam bdo giit dién
ap khong d6i. Dién dung cln thist dé bu
vao dién khang tAn ti cia didy quin stato
vao khodng 25%C . Dién dung bu vao dign
khing cta téi cd th€ tinh theo céng thic
sau:

QL -
C, = P 107 5 uF (+20-4) Hinh 20.2. Ham d8i thd
oot _ .. - .t pha dong co dibn
trong dd ,Q la cong sudt phan khing Tia khéng ddng bo
tai.

TU trén ta thdy, trit khi cd thi€t bi digu chinh tu dong, néu
khong thl khi tai thay d6i r4t khd gir dién ap va tAn s8 khong
d6i. O tai thulin trd thi anh hudng d6i véi dién 4p vA tAn sd con
it. Néu tai ¢d tinh cam, nh&t ]la ding né d& cung cdp dién cho
déng co dién khéng ddng bo thi tinh hinh trén cang xdu hon.

Do dién dung tuong 43i dAt nén thudng han ché cong sudt cla
may phat dién khong ding bd dudi 20 kW. Mdy phat dién khong
ddng bd tu kich thudng la loai réto Idng sdc vi cdu tao don gidn,
d& chf tao, lam vige chdce chén.

M4y phdt dién khong ddng bd lam viéc doc lap od thé s17 dung
& nhitng noi yéu ciu chét lugng dién khong cao l1am nhu trong
qué trinh dién khi hda néng thon hedc lam ngudn dién tam thoi
vai cong sufit nhé.

20.2.2. Trang thai ham cta may dién khdng dbng bd

Trong thuc t& cd irufmg hap ngudi ta mudn doéng co dién
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ngitng quay m*t cach nhanh chdng va bang phdng khi cit dién
dua vao dong co ditn hoac cin gidm bdt tée df nhu & céin truc
lue dua hang xudng hay trong cac may & tau dién. D& giai quyét
cdc vin dé trén ngudi ta ding cac phueng phip ham co hay dién.
Dudi day s& gidi thiéu cdc phuong phap him béng dién.

1. Phuong phap ham ddi tha ty pha

Nhu da noi & Chuong 2, khi s > 1, nghia 14 réte quay nguge
véi chigu tit trudng quay thl déng co dién lam vide ¢ ché d6 ham.
Ta dng dung nguyén ly dd nhu sau.

Khi dong co dang lam viéc, réto quay cling chidu vii tif truting
quay. Sau khi cat mach dién, mudn déng co ngitng quay nhanh
chong, ta déng chiu dao v& phia khdc d& déi thd tu pha dit vao
stato (hinh 20-2). Do qudn tinh cia phAn quay, réte vdn quay
theo chigu ci trong lic tir truang quay do déi thi tyw pha - da
quay ngudc lai nén dong co chuyén sang ché€ ¢ him, mémen
dién tir sinh ra c6 chigu nguge vai chizu quay cia rote va cd tac
dung ham nhanh ching va bang phing téc dé quay cia may.

Trong qua trinh hiam nhu viy, dong dién trong mdy sé rdt lon.
D€ giam dong dién, cé thé dbi ndi
day quan stato tit A (lic lam viéc)
sang Y, hay ¢ déng co dién roto
day qudn cd thé dat.thém dién tré
¢ trén day quin réto, nhu vay
giam dugc dong dién va tang
moémen hdm. Khi réto nging
quay, phai cdt ngay mach dién
néu khéng ddéng co sé& quay theo
chigu nguogc lai.

2. Phl.‘l’ﬂng phép hém déi HWinh 20-%. Ham déng néng déng
thanh may phdt dién c6 didn khéng ddng bs.

Muén thuc hién phuong phép
him nay, can ddi dong co dién sang ch& d6 may phat dién, tdc la
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t6c d¢ ti1 trudng quay bé hon tdc dé rote nhung van ciung chitu.

Ta bi&t rhng khi lam viéc & ché dé dong co dién, tdc d6 roto
ghn bing téc d6 ddng bd (s = 3 + 8%) cho nén khi ham can d8i
ndi lam tang s6 d6i cuc cda dAy quén phan dng lén, lic d6 téc do
ctia roto sé cao hon téc 49 tir trudng quay sau khi d8i ngi, dong
cd sé trd thanh méy phat dién tra nang lugng v& ngudn déng thoi
cd médmen héim ham dong co lai.

Vi du khi lAm viéc nhu ddng co, roto quay 2890 vgiph dng .vai
s6 d6i cuc caa stato la p = 1. Khi ham, d8i s6 d6i cyc cha stato
thanh p = 2, téc d6 ti trudng quay cdn 1500 ugf_ph lic d6 tdc do
roto 16n hon tde dé tir trudng
guay (2890 > 1500 vg/ph) nén
déng co di trd thanh méy phét
dién.

Nhu vay ham theo phuong
phép nay ddng co phai cd day
quén d8i dugc s8 doi cyc va lam
viec binh thudng véi s6 déi cue
bé nhét.

Mot vi du khksc Ja khi xe dién
xufng ddc, téc 49 cua dong co
tang lén qud tde d¢ déng bo, nhu
viy dong cd cing lam,viéc &
trang thai ham. a) b)

D€ tang momen lic ham, yiun 20.5. S0 dB nguyén Iy va db
nhigdu khi nguoi ta cho phép tang thj véctd cua may dich pha
dién ap dat vao day quédn stato
bing cach d8i tit cdch ndi Y sang ndi A.

3. Phuong phap him dong ning

0 phuong phap nay, sau khi cit ngudn dién vao dong co dign
bing chu dao D (hinh 20-3) thi l4p tdc dong chu dao D| dua dién
mot chigdu vao ddy quin stato. Dong dién mot chidu ldy tii bo
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chinh luu CL di qua day quéin stato tao thanh t¥ trudng mot
chidu trong mdy. Réto, do con cé qudn tinh, quay trong tit truéng
dd va trong day quén réto cdm dng nén s.d.d. va déng dién cam
ing tdc dung v4i ti trudng ndi trén tac thanh mémen dién tir
chéing lai chidu quay cia may. -

O loai dong co dién réto day quéin, ngudi ta thudng cho thém
dién trd vao phia réto d€ tang momen ham. Ditu chinh momen
ham bang cdch didu chinh dién 4p mét chidu dat vao day quén
stato. Trén thuc t€ qud trinh ham theo phuong phdp nay thudng
dugc tign hanh ty d6ng.

20.3. CAC DANG KHAC CUA MAY DIEN KHONG DONG B0

20.3.1. May dijch pha

Miy dich pha la loai méy dién c6 thé€ tao nén mot sd.d. E, ¢
phia thd cdp v6i mdt gée léch pha tiuy ¥ so vdi dién 4p so cdp U,

Ve k&t cdu may gidng nhu may dién khong~ddng bo roto day
quin nhung réto bi git chat béi moét hé théng vit vé6 tan lam cho
réto khong thé quay ty do duge ma chi cd thé quay mét goc, nhét
dinh theo sy digu khién tu ngoai. May thudng la loai ba pha.
Theo hinh 20-4a ta cd day quén stato n8i vdi ngudn dién lam
thanh phin so cdp cua may va sinh ra ti trudng quay. Day quin
roto lam thanh day quén thd cdp, théng qua vanh trugt nbi véi-
tai.

M4iy lam viéc theo nguyén 1y 1am viée cia mdy dién khong
ddng bo lic roto ding yén. Khi diy quén state ndi v4i ngudn dién
thi ¢é dong dién chay trong dé va sinh ra tif trudng quay trong
khe ha. .

Tu trudng nay sinh ra trong diy quén stato va roto s.d.d.E, va
E;, ma trj s ty 1& vai s6 vong day tdc dung cda cdc ddy quén, _
cdn gdc pha -hu thude vao vi trl tuong d6i cia ching. Vi ba pha
doi xing nén cé thé ldy mot pha ra nghién cdu. Gid sit géc giia
pha A cia diay quén stato va pha a cia diy quédn roto bang 0.
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Sau d6 quay pha a di mot géc § theo chidu cha tu trudng quay &
thi E, s& cham sau E; mot géc 8. Can cd vao mach dién thay the
(tdong ty nhu mdy dién khong ddng bd) va bd qua dién ap roi
trén tdng trd, ta co:

U, = '_El
. . B
U, = B, =—'e¥ (20-5)
k
12

trong dé k,; la ty sd bién ddi dién 4p.

Db thi vécto cia mdy dich pha nhy & hinh 20-4b.

Can c¥ vao phan tich trén ta thdy dién 4p & mach thyd cédp
may dich pha vé tri s khéng d8i, chi thay d8i v& géc pha.

May dich pha duge ding trong cdc thiét bi thi nghiém.

20.3.2. May diéu chinh cAm (ng

Msay digu chinh cAm dng 13 mét loai may bign dién dp dya
trén nguyén ly lJam viée cha may dién khéng déng b4 ba pha réto
day quén voi réto ddng yén.

Két cfu cia mdy digu chinh cém Ung giéng nhu may dich pha,
chi khac 1a diy quan stato va réto ngoai sy lién hé v& tif con oo
su lién hé vE dién nhu trong bi€n dp ty ngiu hai day quin. May

W, TR B
]
——rrrr g
v, & u YUy
P ety
f stafo 2 max
s AL o
Wy
— £, . b min
réle
&
a) b)

Hinh 20.5. S6 db nguyén Iy va db thi véctd
cda may didu chinh cadm dng don
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diéu chinh cam ung o hai loai: loai don va loai kép.
Mdy diéu chinh cam ting don
So do nguyén ly cia may nhu d hinh 20-5a. Theo cach diu
cta day qudn, ldv mdt pha ra nghién cdu ta cd;
L,
U,=0U, +E, = U -—el" -

2
12

= U, 1l - e, {20-6)
ky»
ff'l%
IJ \
Fa A
LN
g A
i
\
« ST ol

a) b)

Hinh 20-8 5S¢ dB nguy@n fy va dé thi véctd
cua may didu chich cam dng kép

Do thi vécto tuong dng duge trinh bay trén hinh 20-5b. Nhu
vay vOi gdc a bat ky. néu chi xét vé tri s6, ta c6:

N 1 2 ’
L'_, = UE 1 -1-—k—2 - " cosa
12 12

Khi ¢ = 0 thi U

2min

1
= Ujil - —)

T 12

% (20-7)

1
= U0 +—)
klZ

va khi o = 180" eg U

Jauix
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Can cha y la khi didu chinh tri sd cia U,, gée pha § caa no
déi vai U, cting thay dgi mot it (hinh 20-5b).

Cong sudt chuyén ddi trong may didu chinh cAm dng gidng
nhu & bign ap tu ngau. May diéu chinh
cam dng khéng cd chéi than, nén céng
sudt mdy cd thé 1dn, lam viéc chac chan,
didu chinh dugc dién ap bang phéing va cd
thé dizu chinh Nic cd tai. Nhuoe diém chu
y8u cla loai nay la gita U, va U, co goc
léch pha va khi may lam viéc, trén réto cd
momen dién tit Idn kéo ve& vi tri hai day
quén stato va roto trung truc nén phai cd Hinh 20-7. 8¢ ab may
bo phan ham git khong cho réto guay. bién ddi tan sé

‘D& khac phyc hai nhude diém cia loat
may nay ta ding may disu chinh cam ung kép.

May diéu chinh cam ting kép

M4y nay géom hat mAay diéu chinh cam Wng don 7 va 2 ghép lai
va rdto cda hai mdy dugc néi chat vdi nhau vé& co khi. Day quén
duge ndi theo so dd nguyén 1y nhuy & hinh 20-6a. Theo hinh vé ta
thdy ¢ may 2 thit ty pha nguge vdi may ! nén gita hai mdy ti
fridang quay nguge chigu nhau, do dd gde pha gida E, véi E,
trong hai mdy bao gid cung nguge nhau bat k& roto quay theo
chigu nao.

Theo d& thi vécto 4 hinh 20-6b, ta cd dién ip diu ra bang:

Ul = ﬂl + E': + Ej = UIU - ek 4+ et (20-8)
(2
Khi e = 0, ta cd:
2
u, = Ul - —] (20-9a)

~Min

i

va khi @ = 180"
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2
Uspa = Ugll +—=1 (20-9b)

2max
12

Gde pha U, ludn luén trung véi U, con moémen dién tit sinh
ra & hai may diéu chinh cAm dng don bang nhau va nguge chizu
nén trén truc mdy khing chiu mémen nao ca

20.3.3. May bién d8i tan sd

May dién khéng dong bd roto day quédn cd the dung lam may
bisn d8i tan s6 tif tan so f, sang tan s6 f,. Vi du ta nghién cdu
trugng hop f, > f,. S50 d6 nguyén ly nhu & hinh 20-7. Day quédn
stato dugc néi vao ludi dién vai tAn 56 f|. Roto dugec mot dong co
s0 cdp D kéo va quay véi 16c d6 nguge chigu vl tir truding quay,
do d¢ tAn s6 cia s.d.d. cAm dng d day quin réto bang:

fz = Sfl
. n, + n
trong do: 8§ = ——— > 1
n
1
601, ) .
n, = —— - toc do dong bg;
P

p - 50 ddi cuc cua mAay.

0 may bién d§i tan s6, day quin roto nhan nang luong tir hai
phia. M6t phan ti phia stato chuyén qua nhd tif trudng quay va
mot phan tis dong co 30 cdp D truyén qua theo truc cia roto,

Cong suft cia day quén roto la:

P, = msE;l,cosy, (20-10)
trong dé m, vd E, la s6 pha va sd.d cua réto khi ddng yén.

Céng sudt dién tu chuyfn tir stato sang rdto bang:

Py = myE Lyeosy, (20-11)

Khi s > 1 thi P, > P, nén mdy ldy cong sudt ti true dong co
so cap D vao va cOng suit co dd bang:
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P, =P.,- P, = mis- DE,L, (20- 12
May bién ddi thn s6 thudng dung d& cung cip dong dién tan
56 f, tir 100 dén 200 Hz ding trong cong nghiép.

20.3.4. May dién khdng dong bd lam viéc
trong hé tu ddng bd (xenxin)

May dién khang dong bo lam viéc trong hé ty dang by gom
nhig¢u may dat cdch nhau tcd thé xat va chi noi vdi nhau bang
dién. Khi mdt trong nhing mdy dd igoi la may phat) quay bat ky
mot gde nac thi nhing mdy khac {(mdy thw cing quay mot gde
nhu vay. Hé théng nay thubng dung trt;ng ky thuat khing ché va
do luong. Nhung may dién naw thuimg thudc loai ba pha va mot
pha.

1. Hé tu dong bo ba pha (xenxin ba pha)

Hé tu dong bd ba pha don gian nhat gom hai mdy khong dong

‘J"jz (L)

A
Hinh 2D-8. D& thi vectd cua
Hinh 20.8. 50 dd nguyén ly xenxin ba pha khi quay réta

cia xenxin ba pha may phat di mdt goc
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bé réto day quidn. Day quén stato ciia ching duge néi véi ludi
dién con day quén roéto duge ndi vdi nhau theo dang thd tu pha
(hinh 20-6). Nhu vay, néu & hai may, vi tri cla roto doi véi stato
giéng nhau thi trong mach réto s.d.d. E, ctia ching nguge nhau
va dong dién I, trong mach s& bing khong.

Goi F 12 may phét tin hiéu va T 13 m4ay thu tin hisu thi khi cd
tin hiéu tic dong vao mAy phat F lam quay roto cia nd di mét
gdéc 6 (hinh 20-8) thi cac s.d.d. EZF va EZT sé ¢ goc léch ¢ va do
dé trong mach roto sé xudt hien dong dién iz:
=t P (20-13)

Zp t 2
trong d¢ z, vA 2,7 la tdng trd réto cla mdy phat vA may thu.

Qua db thi vécto & hinh 20-8 ta thdy, thanh phan tiac dung
cua I, cung chidu véi E.E:T do dd lyc f; v mdmen My sinh ra sé
ldm quay roto cha mdy T di mat gde 8. Tréi lai thanh ph#n tac
dyung cta déong dién i: nguge vdai chidu EzF nén s& cd mémen M
kéo rbto cia may F trd v& vi tri 8 = 0.

Heé théng hai mdy trén sé lam viéc cdn bang khi gdc léch 6 &
hai mdy phat vA thu bang nhau. Vi vay khi giit r6to clia may F &
géc @ thi roto cta may thu T elng sé quay méot gée ding bang 8.
_ Su lién lac nhu th€& nhidu khi ngudi ta con goi 12 su lién lac

kidu truc dién.

2. Hé t¢ dong bé mot pha (xenxin mét pha)

O he tu ddng b6 moét pha, stato cia mgy phdt vd may thu chi
cé mot pha ndi véi ludi dién chung nhung réto cia hai may vin
12 day quén ba pha d4u vdi nhau theo dung th¥ tu pha (hinh
20-10). :

Khi cho dong dién mot pha vao day quén stato thi trong khe
hé sinh.ra ti trudng dap mach. Ta ¢ th& phan tif trudng dd lam
hai tit trudng quay ngudc chidgu nhau ¢, vA $p va ta col nhu co
hai hé thdng ddng bd ba pha hgp lai. Nhu vay cd th&€ dang

L
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nguydn ly lam viéc cia hé ba
pha tim ra mémen titng phin
vad mémen tdng.

Quay roto mdy phat F theo
chiéu cia &, mét gdc & nhu
& hinh 20-10. D6i voi phan
lugng tit truding quay ®,p va
®, thi ciing giéng nhu & hé
ty déng bo ba pha, mémen
M, va M,y c¢d khuynh
hudng kéo hai réto trd veé
ciing mot vi tri. D4i voi phan Hinh 20-10. S db nguyén Iy
lugng tit trudng quay nguge cia xenxin mjt pha
@y v $gy cling nhu vay, vi
viy mémen do haj phéan lugng tii trudng sinh ra trén mdéi may
cung chigdu nén tri sd tuyét ddi cua ching la tdng cta hai mémeq
cla titng phan lugng nén laAm truc quay. Nhu. vay n€u quay roto
méy phat mot goc 6 thl réto may thu cing quay di mét géc 6.

Thudng ngudi ta dat day quéin so cdp mot pha trén roto con
day quén thd cAp ba pha lap trén stato, nhu vay giam di duge
mot vanh truot. D€ ¢d dac tinh mémen t6t, ddy qudn mot pha
thuzing 1ap trén cyc tir IBi '

Ngay nay ngudti ta da ch€ tao nhilng xenxin mét pha khdng
vanh trugt. '

Hé tu ddng bd dang duge 4p dyng réng rai trong nganh ty
dong hda va didu khién.

20.3.5. Ddng co thira hanh khoéng dbng bd

bong co thita hanh khong ddng bd duge dung réng rﬁi__ trong
cac hé thong ty ddng khéng ché. Day 1a mét loai dong co dién
khong déng bd hai pha cong sudt 0,1 + 300 W. Két ciu cia may
vé, dai thé nhu sau: stato ghép bing thép 14 ky thuat didn cd hai

868



cudn day dat lech nhau 90° trong do

mbt cuén wy lam nhiém vu kich thich, W,
mot cudn wp, lam nhigm vy digtn U
kkign. Roto gbm nhigu loai tuy theo

yéu chu cu thé. Cs thé 1a roto 1dng sde W
thudng hoadc roto réng lam bang vat
litu khong dan tit hoac réto réng bang Up

vat lidu dan tir g dat dong thau ngoai

be mat, v.v.. (hinh 20-11). Winh 20-11. 3 db nguyen Iy
i dong ed thda hanh khbng
D€ tao nén tU trudng quay trong dbng b

may, ngoai viéc dat hai diy gquin trong

khéng gian con ¢dn c¢6 sy léch pha nhau vE thoi gian gitta hai
dong dién trong cu¢n wy va wpp Yéu chu ndy duge thyce hién
nh& dat mét tu dién ndi 4iép trén cudn kich thich w.

Day qudn kich thich wy dugc dat thuéng truc dusi dién ap
Ug. d&y quén didu khién wp thi chd nhan tin higu disu khién &
ngoai dua vao. Khi c¢d tin hiéu, nghia 12 cd dién 4p Upk dat lén
cudn wpy, trong mdy sé cd tit trudng quay do hai dong dién léch
pha nhau trong hai day quin wy vd wp sinh ra vA 1dm cho roto
quay.

Pong co thita hanh khong dong bd cing nhu cdc loai déng co
thua hanh khac thudng doi hoi nhing yéu cau sau:

- Khéng cd quan tinh, nghia 14 phai quay hoac ditng tdic khic
khi ¢ hosic mdt tin hidu didu khign ma khong nhd moét eo cdu
ham.

Mémen md may l6n;

3

- Dac tinh co tuyén tinh;
- Pham vi di2u chinh tdc d¢ rong;
- Céng suit didu khién nhé.

Yéu cau khong gquay theo da la mét trong nhitng yéu clu ca
ban cda ddng co thita hanh. D€ thuc hién duge didu nay, ngudi ta
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¢S th& thigt k& dong co ¢ |
khia napg ty hdm va
phuong dién dién tir hoac
ché tao loai dong co thiua

hanh c6 mémen quan tinh’
phén quay nhd, nhu loai
déng ca thita hanh khong
ddng bd roto rdng. K8t cdu
va 30 db nguyén' ly caa
dong co dién loai nay nhu &
hinh 20-12.

Roto cia loai ddng cc
réng hinh cée nay thudng
lam “ bAng nhém hodc
duyara. Dong dién trong roto
ld dong dién xoay chidu cAm
ding trén mdat ngoai cla cdc
nhém hoac duyara d6. Dong co
thita hAnh ndy cd mémen
quén tinh nhd, nhung do khe
hé khong khi lon (3 = 0,3 +
1,4 mm) nén dong dién ti hda
16n, cosp thdp, higu sufit thdp,
trong lugng ldn.

20.3.8. May phat téc do

May phdt t8c 40 khong
ddng bd cing nhu cédc loai may
phat t8e do khdc 1am nhiém
. vy bién d8i cdc tin hiu co

“ (thud¥ng la t6c d& quay cla

" tryc) sang cdc tin hidu dién
(thudng 12 dign 4p) d€ do tdc

Hinh zo-12. Bdng co din khing
ding bo rbto rlng:
1 15 s&t stato ngodi; 2. 18i sit stato
trong; 3. t6to ofv; 4. ddy quin state;
5. gid dd rdto

a)
u,
(7R
¢ ﬂ=n mwf
b %

Hinh 20.13. Nguy8n Iy ldm vibe
cie miy phat tdc 94



d6 quay cia mot déng co hoac bién d8i cac tin hiéu {gia téc, 6n
dinh) trong cdc ca cfu ty dong. .

Trong cdc loai may phat t8c d§ xoay chidu, mdy phdt tée d6
khéng ddng bo cd uu di€m la tan sf cha dién ap dua ra khéng
phu thuéc vao tdc dé, didu nay rit thuadn tién cho viéc si dung
cdc dung cu do dién ap & diu ra.

Méy phat t&c do khong dong bd cd cdu tao gidng nhu dong co
thira hanh khéng dong bo roto réng. Trén hinh 20- 13, w 14 cudn
day kich thich, wp 14 cudn day phat. Nguyén Iy lam vige cha mdy
phat téc dé ly tudng nhu saw: khi cho dong dién kich thich xoay
chiz2u mot pha thn s6 f; vac day quin wy, trong mdy xudt hién
mét tit trudng dap mach & vai tin s6 f, cd phuong triung vii
truc cua day qudn wy. Trong hinh tru cGa roto réng dang ding
yén xufit hién s.d.d. va dong dién xoay chi®u voi tin s6 f; giéng
nhv m.b.a. Chigu cua tu trudng ddp mach ®; do dong dién do
sinh ra duge vé & hinh 20-13. Khi réto ding yén, do truc caa
cupn day wyp vudng gdc voi truc cia day quin wy, nghia la vudng
goc voi phuong cda ¢ va dp nén trong cuén w,: khdng xudt hién
s.d d., khi rdto quay trong
roto sé cam dng thém mot
s.d.d. quay eq do tif trudng 7
®, quét qua rote. 5.d.d. € v .
nay ty lé vai téc dd cha /
réte va sinh ra dong dién Iq ;
ma chiguw duge xac dinh
nhu trong hinh 20-13b. Vi
&, va P, dép mach vdi tan
56 £, nén s.d.d. e va dong -
dién I, cang bién dgi voi ‘“{

tan s6 f,. Dong dién I tao 10000 . n Ciglph)
ra tit trudng <D dap mach
qua cudn day w[ va cAm

Hinh 20-14. Quan hé Ur = f[n}
ing trong do mot s.d.d.
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xoay chiéu ey cd tan s6 f; va do ldn ty lé v&i téc do quay n. Nhu
véy ¢ dau ra cda diy qudn wy- sé nhin duge dién ap U thn s6 f,
ty 1&¢ vai t6c d6 n. Quan hé Uy = fin) dugc thé€ hién trén hinh
20-14.

Trén thuc t& Khi may phat tdc do cd tai, phan ¢ng cia dong
dién trong réto giy nén su bién dang cva ti trudng va su thay
d8i cdc thong s8 clia may. Hién tugng nay gay nén sai sd vé tri
s6 va lam mét tinh chdt tuyén tinh cia Up = f(n) nhat la khi téc
dod cao. Vi vay mdy phat t8c d6 khdéng dong bo hién dai
thudng ding d€ do t6c do trong pham vi 8000 + 10000 vg/ph voi
AU =5 + 10 V.

20.3.7. Méy bién 4p xoay

Mdy bi€n ap xoay la moét thist bi dién lam viéc theo nguyén ly
vE cam dng dién tit. Mdy bién dp xoay cd thé cho ra mét dién dp
thay ddi theo gdéc xoay « cua roto. Vé c4u tao, mdy giéng nhu
moét déng co dién khoéng
ddng bd roto day quin cong
sufit nho. Trén stato va
roto cd dat day qudn hai
pha d6i xdng léch nhau
trong khéng gian 90° do
dién. Dién 4p dAu ra cia U
may bién d4p xoay cd thé ty L
lé vdi sin a, cosa hoac vai
ban thén goc xoay a cta
roto, do dd ngudi ta phan
ra laAm may bién Ap xoay Hinh zo.15. May bién &p xoay sin-cosin
sin-cosin va mdy bién 4ap

xoay tuyén tinh. So d® nguyén ly clia mdy bién dp xoay sin-cosin
nhu & hinh 20-15. Dat vao day qudn kich thich so cdp w, trén
stato mot dién 4ap xoay chidu u; = vZU sin ot thi khi xoay rdto
di mét gdc o ta s& nh4n duge ¢ diu ra day quin thd cdp w;, v
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wi nam trén réto mot dién dp xoay chidu u, bang:
u, = vZ k,U sinasin wt = v2U;sinwt

(20-13)
u; = V2 k,U, cosa sinwt = \/QU‘isinwt
k., W
trong dd: Kk, =__99272
L
U, = k,Usina

U; = k Uﬂ’;Oaa

Nty vy ta thiy tri s§ hiéu dung cta dién dp dua ra U, ty e
voi sine va U3 ty 1é vcu cosc.

Khi may bién ap xoay cd tai, dong dién i, va i; trong cdc day
qudn w,, w; tao nén ti trudng dy, va @, cd thé chia cdc tit
théang d¢ thanh hai phin doc va ngang truc tu trudng day quin
50 cdp @©,. T trudng ngang truc ®;cose va @; sina 1am cho tit
trudng tdng bi méo
di. nén quan hé
Jhinh sin cua s.d.d.
vdi gdc o bi phd

hiy. D¢ triat tisu W/
thanh phan nay,

trén stato ta dat Y

day q‘uén ngan

mach w_ vudng
gde vii day qudn
;- Dong dién
trong day quédn
ngan mach nay sé sinh ra tu truong bi thanh phan tu trudng
ngang truc, do dd ¢d thé gidm sai 56 dén mic t6i thiéu. N&u dem
cdc day quin cla mdy bién ap xcay 8 hinh 20- 15 d4u theo hinh
20- 16, ta c¢d may bién ap xoay tuyén tinh. '

w . C
Hinh 20-18. May bién 4p xoay tuyén tinh

Khi gdc xoay « trong khoang 0 < o < 65", dién 4p & dau cudi
hai day qudn ndi ndi tiép w, va w, ty 1é thuan véi gdic xoay a,
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con dAy qu#n w; & roto ndi kin mach véi tong trd z, dung dé€ bi
ti trudng ngang truc.

May bién ap xoay ngay nay cd sai sé dién dp khéng qud 5%.
Trong trudhg hgp dac biét, ¢ thé lam cho sai s6 bé han 0,05 +
0,07%. Cong sufit clia may bi€n 4p xoay thong thudng trong
khoing vai VA vai U = 115 V va f = 50 Hz dén 400 + 2500 Hz.

May bién ap xoay duge diing trong cdc may tinh, cdc hé ty
déng va cdc so d& hé théng quay trong tram rada, v.v..

Céu héi

1. Vi sao may phat dién khang dbng bd chi lam viée duoc khi
trén luéi dién cd may ddng bo hay cd tu dién ? Phan tich qua
trinh 1am viéc cla mdy phdt khoéng déng bd ¢ hai truong hop
trén. ‘

2. Giai thich nguyén ly lam viéc céa may dién khéng dbng bo

~ & ba phuong phap ham dién clia dong co khong dong bo.

3. Nguyén iy lam viéc cua mdy digu chinh pha va may digu
chinh cdm (¢ng. Hai loai miy nay gidng nhau va khdc nhau &
nhitng diém nao? Co thé ldy déng co dién khong dong bo rote
day quiin ra lam mady di%u chinh pha va may digu chinh cam 1ing
duge khong?

4. Nguyén Iy lam viéc cda may bién d&i tan sd,

5. Nguyén Iy lam vigc cua hé ty dbng bo (xenxini.

Gi4 st mdy phét tin hieu co s6 doi cuc 1a p, may thu co 58 déi

- cuc la 2p, khi roto may phat quay mot gée 0 thi réto mdy thu

quay mot géc bang bac nhigu
6. Xenxin mdt pha so vdi xenxin ba pha cd nhing uu di€m gi?
T. Nguyén ly lam viéc ciua déng co thita hanh xoay chidu va
mdy bién 4p xoay.



Chuong 21
MAY DIEN KHONG DONG BQ MOT PHA

21.1. BAI CUGNG

Dong co khong ddng bd mét pha thuting duge diing trong cdc
dung cu,thiét bi sinh hoat va c6ng nghidp, céng sudt tu vai oat
dé&n vai tram o4t va ndi vao lu6i xoay chidu mét pha. Do nguyén
ly m& may khédc nhau va yéu ciu tinh nang khdc nhau ma xuit
hién nhitng k&t cdu khac nhau, nhung ndi cho cung vAn ¢d thé
quy vE mbt k& cdu co ban gidng nhau nhu mdt déng co dién ba
pha, chi khac 1a trén stato cd hai dAy quédn: d3y quén chinh (hay
day qudn lam viée) va dAy quén phu (hay day quin md may)
Réto thudng la long sde.

‘Day quén chinh dugc néi véi luéi dién trong sudt qua trinh
lam viéc, con day qudn phu thudng chi ndi vao khi md may.
Trong qua trinh md mdy, khi téc d¢ dat dén 75 ~ 80% toc 49
déng bo thi dung bd ngit dién ki€u ly tam cat day quin phu ra
khot tugi dien. C6 loai dong co diegn sau khi md may, day quidn
phu van ndi vao lugi. Dé Ja loai dong co dién mot pha kiéu dién
dung.

So vdi dong co dién khong dong bo ba pha cang kich thuac,
cdng suit cia dong co dién mat pha chi bang 70% céng sudt ctia
déng co dién ba pha, nhung do cic dong co dién mét pha cd kha
nang qua 1ai thdp nén trén thuc t& trit dong cv dign kiu dién
dung ra, cong sufit ciua dong co dién mot pha bang 40 + 50%
cong sudt dong cd dién ba pha.

»
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'21.2. NGUYEN LY LAM VIEC

Khi day qudn lam viéc néi véi dién ap mot pha thi dong dién
trong day quin sé sinh ra ti truong dap mach @®. Ti trudng nay
o6 thé phan thanh hai tit trudng quay nguge chidu nhau b, va
Py cd tée d6 bang nhau va bien ¢ bang mdt nla tit trudng dap
mach (hinh 21-1a) Nhu vay cd thé xem dong co dién mot pha
tuong duong nhy mot dong co dién ba pha ma day qudn stato
gdm hai phan giéng nhau méic ndi tiép va tao thanh cdc ti
trudng guay theo nhitng chiéu ng'm_:lc nhau (hinh 21-1b). Tiae
dung cua cdc tif trudng quay thudn nghich dd vgi dong dién &
rdto do chiing sinh ra tao thanh haj mémen nguge nhau M, va
My. Khi ddng ca ding yén (s = 1} thi hai mémen d¢ bang nhau
va nguge chidu nhau, do déd mémen quay tdng bAng khéng.

a) ' b)

Hinh 21-1. Nguyén |y 1am vidc cda déng co dign khéng ding bd mét pha

‘Néu ta quay rots cha ddng co dién theo mét chidu nao dg (vi
du theo chi2u quay cla tir trudng dAy quin A nhu & hinh 21-1hb)
vGi téc d¢ n thi tan s0 cua s.d.d., dong dién cam vng & roto do tir
trudng quay thuan @, sinh ra sé la:
| pn, - mnr  pnjin -

f-;B

= sf, (21- b
: 60 60n, , :



Con d6i v6i tit truong quay nguge ¢y thi tin s dy sé Ia:
) . i ) .

24 =pm'6; - ='E):)l il n:n‘ 2.t @1
& day (2 - s) chinh la hé s8 trugt cia roto d6i voi tit trudng &y,

Nhu viy, khi 0 < s < 1-d6i véi tit trudng ¢, mdy lam viéc ¢
ché d& ddéng co dién, cbn d6i vai ti truding &g, do hé 38 trugt cla
roto déi vai ti trudng dd bang 2 - s > 1, nén mady sé lam viéc
trong ché 46 ham. Nguge lai, khi 1 < s < 2 tige 1a kbhi rdto quay
theo chidu cla tir trudng day quidn B thl hé s6 truot d6i voi ti
trudng ndy sé 1a 0 < 2 - s < 1; lic dg déi vdi tir trudng Py, mdy
lam viéc 0 ch€& do dgng co, con ddi v6i tif truong @, thi & ché db
ham, ' '
" Cho ring cic mdmen co tri s¢ duong khi chéng tdc dung theo
chidu quay cla tit truong ¢ ,, ta sé duge cac dudng cong mdémen
M, va Mg cia cdc day quin A, B vAa momen t8ng theo hinh
21-2. Tu y nghia vat |y va hinh 21-2 ta thdy ring, dudng dac
tinh momen cika may dié¢n khodng ddng bé moét pha cd tinh chét
déi xding, cho nén dong co cd thé quay bat cd chidu nao. Chigu
guay thuc t& cia déng cd dién mat pha chl y&u phu thude vao

chigu quay cia by phan md may.

Cing tit hinh
21-2 ta thdy nang
ite qué tdi caa
dong co dién mot
pha nhé hen dang
ca dién ba pha
dong thoi khac vai
déng co dién ba
pha.

Mémen cdc dai :
M cia déng ca Hinh 21-2 Dic tinh M = f(s) cla cdng cd dién

milX
dién n](:)t Pha Phu khéng dﬁng bd mot pha
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thudc vao dig¢n tré r,. D4y la vi khin,
tang, mac dau M, . do tu& trubng
thuan sinh ra khéng d8i nhung he s6
trugt s, dng véi M, .. ting lén,
.ddng thdi & ché do trugt dd, My do tir
trudng nghich sinh ra ciing tang Jén
nén mémen cuc dai cta doéng co nho di.
Moémen cuc dai thay d8i theo r; duge
biéu thi trong hinh 21-3.

Mach dién thay thé€ cia may dién . _

kliong ddng bd mot pha cd thé xay "IPh 213 Anh hudng cla

; o dién trd mach dién roto d8i
dung thec nguyén ly‘ v& mach dién thay v mbmen caa dong co disn
thé cda médy dién khéng dong bd ba khong dBng bs mét pha
pha. . .

Nhu da ndi & trén, may dién khong déng b6 mot pha cd thé
coi nhu gbm hai day qu&n ba pha ndi tiép vdi nhau va sinh ra ti
trudng quay ngudc nhau nén phucng trinh can bing vé s.dd. g
day quéin stato sé& 1a:

U, = - EH - Em + I(r] + jx)) (21-3)
trong dd:

Em - s.d.d. sinh ra bdi téng hgp tit trudng thuan phan tinh
v3i tit trudng phin quay;

EIB - 3.d.d4. sinh ra bdi téng hyp tir trudng ngude phin tinh
vai tif trudng phlin quay, r,, x, - di¢én trd va dien khang tin cda
day quin phin tinh.

Gigng nhu 4 mdy khéng ddng bs ba pha ta cd:

EIA = 'JIO AZm

1 a8 26 a4 a2 @

(21-4)
Eig = - lopZn
trong dd:

Zo. = 1, + jx, - téng-trd mach kich tir;
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Iy va Ig - dong dién tit hda sinh ra tit trudng thudn ¢, va
nghich &y

Hinh 21.4, Mach difn thay th¥ d9ng o dién khéng dbng bo rn/Ot pha

O mach réto ta cd phuong trinh cAn bAng v& sdd.:

E‘zA = IZA(_ + J‘z) = E5
(21.5)

. N _ :
E;g = Lyl + jx3 = E
B = by, TR \B

trong do r, va x’, 1a dién trd va didn khdng tdn da quy d8i cha
day quin roto va khong xét d&n &nh Kudng cda tin sd.
Ve phuong trinh cén b&ng s.td., ta cd:
Il IOB + (- IZA) ]

(21-6)
I} = Top + {-Iyp)
Dua vao cac phuong trinh trén cd thé xdy dung machdi¢n thay

thé nhuy d hinh 21-4. Theo mach didn thay thé ta od thé€ viét:

: )
Ve, + lizy,

1
—_—)
iz, + lizyg

E;n = Em =1 «
(21-7)

E'za = EIB = il(

g B,
- s z

trong d6  z;, =—;- + X3 g =
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r- ry .
Khi rtto ding yén, s = 1 thi -;2— = 7 ls,nén Zyy = Z3p.

Vi vay ta c6 E;, = E}B' nén t# théng sinh ra cac s.d.d. dd
cilng badng nhau, ®, = Pp, do dd ti trudng tdng la ti trusng
d4p mach, dong co dién khoéng quay duge.

. r
Khi s < 1 thi

8 :
<—"— nén z;p < z,. Vi viy:
3 - s s 2B = %A Y
Eio > E;gnén ta cé &, > &5 do dd tif trudng téng khong
phai la tit trudng dap mach nita ma la nidt tit trudng quay hinh
elip v quay v6i t6c d9 ddng be, do dd déng cu dién quay dudc.
Momen cia d6ng co dién khong ddng b0 mot pha bang téng
hai mdmen do tif trudng thuan M, va nghijch (-Mp) sinh ra:

M=M, + (-Mp (21-8)
1 , T
trong d6: M, =— T'j,—
w 8
1 L
M, =— I'?, .2
B = "B,
1 r I
va M=— ,—2 - 3y —2)
w s 2.5

Trén cd si ¢ta mach digdn thay th& ¢d.thé thanh lap 4% thi
vong trdn cho ddng co dién mét pha.

21.3. PHUONG PHAP MG MAY VA CAC LOAI
‘PONG CO DIEN MOT PHA

Nhu d& nghién ciu & trén, ta thy néu chl cd mét day quin
chinh thi dong co m¢t pha khong thé ty md mdy duge vi moémen
md&é mAay bing khéng. -

Muén dong co ty md may can phai thém mdt day qudy md
may. Ti trudng cla ddy quin ndy s& cing vdi t trudng day
qufy chinh hgp thanh mot tit trudng quay tac nén moémen ban
_dBu. Mudn nhu vay, t6t nhdt day quén phy can léch vdi day quiy

370



chinh mét goc dién 90° trong khong gien va dong dién trong hai
day quiy d6 phai lech pha nhau mét gée 90° vd théi gian. Co thd
tao nén sy léch pha dd bAng cdch nfi mach dién d4y quin phu
v6i mot dién cAm hay thudng la dién dung (hinh 21.5b). Lic d6
dong dién trong diy quén phy I; vugt trudc dién Ap luéi, lam cho
gdc pha gilta dong dién trong dAy quén chinh I va I; léch nhau
mit géc gin bang 90° {hinh 21-6). Nhd vay 1A trong khe hd cta
mdy sinh ra madt tit truddng quay bdo dam cd mét mdmen md may
tuong d6i 1én. Ehi may da quay, ta dung bt ng#ét dién kifu [y ™
tam cét day qufin phu ra khéi ngudn dién. Dng co dién mé mdy
theo ki€u nay goi la dong cd dién mdé may bang dién dung.

!

“13 1 e.,. _lc,, lc _s,'- c.
L b o

M LM A :
E /' I E: L™ ' s
/] ! , A Pa ot
2 . 2 , ) 2
L EAAN = A,

4 A .’
denvai \ 7 ! ! \
= w6 T s e ¢ a5 o’ 2§ 10

a) b) c) d)

Hinh 21.5. CAc phudng phép md may vd chc loai dbng cd didn
khéng ddng bd mét pha

Trén day quéan phu cc the€ dfu didn trd d&€ tac mémen md may
(hinh 21-5a). Lic d6 ddng dién I; va I cung e6 mot gdc léch pha
nhit dinh, nhung moémen mé& mdy cda loai ddng ca ndy tuong déi
nhé. Ding phuong phip nidy thuc t6 1a chi can tinh todn sao cho
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ban than day quin phu cd dién tré tuong d5i 16n la duge, khong
ciAn thém dién trd ngoai nén k&t cfu cila may don gian. Pong co
dién kiu ndy goi 1a dong co dién mé mdy bang dién tré.

DAy guin phu dfu néi tiép dién o
dung cd th€ thist k€ d€ lam viéc lau
dai trén ludi dién sau khi md maiy
ma khoéng cin ngat ra. Nh& vay ban
than d@ng'ca dign dugc coi nhu doéng
co dién hai pha. Loai nay cd dac tinh
lam vige t&t, nhdt 13 nang luc qu& tai .
18n, hé s8 cong sudt cita mdy ciing

~duge cai thién (hinh 21-5c¢). Do khi
md mﬁy, day quidn phu can nhi2u Hinh 21-8. D8 thi vectd miy
dién dung hon khi lam viéc, nén d#n khﬁﬂg‘dbng b8 khi md
thudng ding bd nght dién kigu ly  May Pang didn dung

tadm edt bét dién dung sau khi md

mdy ra (hinh 21-5d). Dong co dién lic mé may va lam viéc déu
can dién dung goi la déng co dign ki€u dién dung.

. Nhing dong co dién mot pha cong sudt rdt nhé md may khong
tai hay tdi nhe thudng ding kifu vong ngin mach dé md may.
Vong ngdn mach F dat trén cyc tit va déng vai tré cudn day phu
(hinh 21-7). Vong ngén mach .6m 1§y khoang 1/3 cuc tit. Khi dat
dign 4p vao cudn day chinh d€ md may, d4y quan nay sé sinh ra
mét tit trudng dap mach chinh &, M6t phin caa tit trdong nay
®. di qua vong ngin mach. Trong vong ngdn mach sé sinh ra
dong dién ngAn mach [ va dong dién nay sinh ra tit thong ©,.
Tit thong &, tac dung véi &, d€ sinh ra tu théng phu & di qua -
vdong ngdn mach (hinh 21-8). Két qua la dudi phin cuc tit khéng
cd vong ngAn mach co tit thong ®_ - &, di qua, con trong vong
ngin mach cé d; di qua. Gida ching cé mot géc pha nhit dinh
v& thoi gian vA mot gdc léch vé khéng gian tao nén mot ti
trudng quay va mdy cd mdémen ban dau lam doéng cd quay.
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A
Miak 21-8. Db thi vécto v
Hinh 21.7. 5¢ d& dbng ¢d te théng cua dbng cd didn
gign knong ddng b6 mot pha khéng ddng bd mét pha cé
¢6 vong ngén mach véng ngdn mach

Dong co nay duge dung

rong rai vi két cdu don — Y,
gidgn. van hanh dam bao.

Cd nhigdu trudgng hop 1
ngudi ta ding déng co dién

ba pha @ ludi dién mot pha.
Lic dd chi can dat dién 4p
mot pha vao hai day quéin = T-u,—tl

pha ndi tiép. ddy quéin pha
con lai duge néi thém dién
dung lam thanh:day quéin
phu thinh §-9).d&€ md mdy

va tang cudng momen lic
lam vigc. Kinh nghiém va
tinh toan cho thay rang, ddi
ddng co dién ba pha thanh
ddng co dién mot pha kidu -
dién dung thi dac tinh cia dong co moét pha cd kém di, gia tidn,
dién dung dat, do dd thudng d8i dong co dién ba pha cong sudt
khéng qua 1,7 AW thanh dong ca dién mét pha kidu dién dung.

MHinh 21.8. M8t vdi phudng phap md
méy ddng co didn ba pha
trén ludi didn mét pha
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Cau hdi

1. C&u tao cha dfng co dién khong ddng bo mét pha. So sanh
v6i ddng co ba pha.

2. Nguyén ly lam viéc cua dong cd dién khong ddng bé mét
pha.

3. Cac phuong phdp md mdy dong co khéng dong bd mot pha.

4. Cd the dem dong co ba pha dung nhu dérng cd mét pha
duge khong? Lic dd cong sudt va mdmen cia dong co sé nhu thé
nao? ‘
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PHU LUC

PHU LUC 1

Burirng cong tir héa H = f{B) cia thép k§ thuds dién
cdn ndng 1211, 1212 va 131); A!fm

> o oot | oo2| 003 | cod | 0os | oo6 | 007 DOB| 009
Tesia

0.4 14 143 | 146 | 149 [ 152 [ 133 [ 188 | 181 | 164 | 167
05 179 V175 | 179 | 188 | 187 [ 191 { tes | w98 { 202 207
06 241 |26 | 221 | 226 | 231 | 236 | 241 | 248| 251 | 256
0.7 261 266 2.7 276 281 2.87 253 289! 3081 312
0.8 318 324 3,20 337 344 352 380 } 3.69 378 38ar
0.9 397 .07 4,17 427 437 447 4.,58 4,60 480 1 491
10 s02 | 51 | 527 ) 541 | 555 | 570 | 585 | 60 | 615 | €3
11 647 664 £.82 701 72 7.39 7.59 7.79 80 8,21
12 843 [ 8661 89 [ 9w (946 { 976 | 101 | 104 | 107 | 10
13 4 | n8 | 122} 126 [ 90 | B4 [ 1B8 [ W3 | e | 13
14 158 | B4 | 171 178 | ®5 | 1958 | 205 | 215 | 226 | 238
15 250 264 273 295 3 328 246 ass 388 412
16 437 [ 463 | 491 | 522 | 553 | 588 | 623 | 660 698 | 787
1.7 773 820 | 863 90,7 963 | -1 106 m s 122
18 128 134 142 146 152 158 Bs 13 8O 188
19 197 | 206 | 216 | 226 | 238 | 246 | 286 | 268 | 282 | 296
20 30 325 343 365 390 410 455 495 545 5495
21 655 | 725 | 8o | 880 | 960 [ w40 | 20 [ 1200{ 1280 1360
22 1440 1520 | 00| 1530 | 1760 1240 | 1920 20001 2080 280
23 2240 3220| 2400] 2480) 2560 2640 2720! 2800i 2882] 2960
24 3040 | 3120 [ 3200{ 3280 3380 3440/ 3520| 3600! 3680] 3760 -
25 3840 | 3920| 4000| 4080] 4160 [ 4240 4320 4400| 4480{ 4550
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PHU LYC 2

turirng cong tir héa co bdn H = [(B) ciu thdp ki thudt dién

cdn ngudi 2211 va 2312; Alem

:'em 0 |00t | 002 003|004 | 005 [006 {007 | 008 | 008
04 068 (089 | 070 { 071 | o072 | 073 | 073 | 074 | 075 | 075
08 076 {077 | 078 | 079 [ 080 | 081 | 082 {083 | 084 | 085
08 086 | 087 | 088 } 089 | 090 | 091 | 0%2 | 093 | 094 | 095
07 096 {099 | 103 | 108 [t3 |18 {122 |t | 13 | 135
08 140 | t45 | 150 | 155 | 160 [ 183 [170 (175 | 180 | 185
08 190 | 185 [ 200 | 205 | 210 | 215 220 | 225 | 230 | 235
10 240 | 246 | 252 | 258 | 264 | 270 | 276 | 282 | 288 | 294
1 300 (310 | 320 | 230 | 340 } 350 | 360 | 370 | 380 | 380
2 400 | 410 | 420 | 430 | 440 | 460 {470 | 480 | 500 | 520
13 550 {680 | 630 | 650 | 690 | 730 | 780 | 830 | 880 | 940
“ 00 (106 | n2 | m8 |124 |30 [1Bs {12 | us | B4
15 % 175 | 90 | 205 | 220 | 235 | 250 [270 | 200 | 310
16 340 [ 360 | 380 | 410 | 440 | 470 | 530 | 590 | 650 | 710
17 770 | 820 | 890 | 940 |00 |06 {m | wr | 22 | 18
18 B4 |10 |46 [ 152 | 158 [w4 |10 |we | w82 | 88
19 194 [ 200 | 218 | 237 | 257 | 278 | 300 |322 | 344 | 388
20 388 410 | 432 | 454 | 476 | 498 [ 520 | 545 | s76 | 60
21 655 |725 | 800 | 880 | 60 | 1040 | m20 | 1200 | w80 | 1360
22 1440 | 1520 { 1600 | 1680 | 1760 | 1840 | 1920 | 2000 | 2080 | 2160
23 2240 | 2320 2400| 2480 | 2560 | 2640 | 2720 { 2800 | 2880 | 2980
3040 | 3120 | 3200{ 3280 | 3360 | 3440 3600 | 3680 | 3760

24
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PHU LUC 3

DPuirng cong tir héa H = f(B) cia thép k§ thuds dién cdn nguéi
2211 va 2312, & ghng dérg co dign khéng dling b

LY

g o |oo| ooz{ oo | o4 | oos | oos | oo7| aos| ope
Tesla

04 | oss | 091 | 093 | o9s | 095 | 0s8 [10 | 102 | 104 [ 108
05 1,08 11 113 115 118 12 122 124 126 1..28
06 1,31 134 1386 139 141 144 147 15 153 156
0.7 159 162 166 169 178 172 18 1,83 186 18
00 | 194 | 198 | 201 | 204 | 208 | 212 | 296 | 22 { 223 227
10 274 279 284 2.39. 295 30 3,05 an 3B 323
1 332 | 338 | 344 | as | 357 | 367 | ara | se2| 39 | 398
12 41 418 426 435 444 455 466 475 485 ]| 498
13 | s0e | 521 | 533 546 | 558 | 572 | 585 | 60 | 6% | 635
w | 656 |875| 6os| 77 | 74 | 763 | 780 | 815 | 843 | 87
15 | 905|934 966| 00 |04 | 0s | n3 [ ne | wa | e
16 | 187 |1a| w2| 50 |86 | w2 |82 |61 | 201 210
17 218 231 241 255 261 _ _27,2 284 208 | 313 3z9
18 | 346 | 383 | 380 | 397 | 414 | 430 | 449 | 467 | 485 | s04
w | 52256 |60 |84 |eo |74 |79 |as | o o7
20 | w0e |m | ue |25 |13 | wt |ue | w8 | w7 | we

(4]



PHU LUYC 4

Puidng cong tir héa H = f(B) cia thép kj thugt dién cin ngudi 2211
vae 2312 & ridng ding co dién khong dbng bé

5 0 001 | 002 | 003 | 004 | 005 | 0O | 007 | 008 | 009
Tesla

04 14 143 | 146 | 149 | 152 | 155 | 158 | 161 | 184 | 171
05 074 | 177 t 18 | 184 | 186 | 19 192 | 196 | 198 | 202
06 204 |209] 213 | 2% | 121 | 224 | 229 | 233 [ 237 | 241
07 245 | 249 | 253 | 257 | 262 | 267 | 272 | 277 | 282 | 287
08 292 | 297 | 302 | 306 | 3n | 316 | 322 [ 326 | 331 | 337
09 342 {347 | 353 36 | 366 | 372 | 379 | 384 | 39 | 396
10 403 | 409 | 417 | 425 | 433 | 44 45 45 47 477
11 488 | 497 | 509 | 517 | 527 | 537 | 547 | 559 | 570 | 582
12 593 | 602 | 613 | 626 | 638 | 651 | 653 | 677 | 695 | 7.0
13 724 | 738 755| 77 |79 | 8ce [ 82 |84 | B57 | 878
14 897 o7 | 935 | 955 | 977 | wo [ w02 { 04 | 05 | 03
15 n2 {ns | w7 | 12y (124 | w2r |31 | B3 | @7 | @
18 us | e | 153 ) 156 |61 | 85 [ | 7Y [ 179 184
17 00 | 194 | 200] 207 | 218 | 222 {220 | 238 | 25 | 26
18 27 |28 | 202 | 305 | 322 | 333 | 349 | 381 | 371 | 400
19 46 | 435] 46 | 48 | 503 | 533 | 543 | 575 | 13 | 642
20 675 | 717 | 74 | 779 | Bi5 | 852 900 [ 94C | 975 | w02
21 06 |mo | ms |21 s | a0 [vas | w1 | ez | e
22 159 |15 | w3 | w8 |ws [ w1 [1w9e |203 | 2n | 220
23 231 | 243 | 255 | 288 | 281 | 295 | 309 | 324 | 220 | 364
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PHU LUC 5

Buirng cong tit hée H = f(B) cua thép lam théin
mdy dién mdt chigu (Ajcm)

> 0, Joi |02 |03 |osa los |os {o7 | 08 | 09

Tesla

0 0 |oo8| 0% | 024 [032]04 |048 |056][ 054 | 072
01 D80 {088 | 096 | 104 | 112 120 | 128 | 136 | 144 | 152
0.2 160 | 168 [ 176 | 184 | 192 | 200 | 208 | 2% | 224 | 232
03 240 {248 | 256 | 284 | 272 | 280 | 288 | 296 | 304 | 32
04 320 | 328 | 336 | 344 [ 352 | 360 | 368 | 376 384 | 392
0.5 4.00 4,08 417 426 434 443 452 461 470 ( 479
06 488 | 497 | 506 | 516 | 525 | 535 | 544 | 554 | 564 | 574
07 584 | 593 | 603 | 613 | 623 | 632 | 642 | 652 | 662 | 672
08 682 | 693 | 703 | 724 | 734 | 745 | 755 [ 766 | 778 | 787
09 798 | 810 | 823 | 835 | 848 | 850 | &73 | ass | 898 | an

10 924 (938 | 953 | 969 | 986 | 00 | w2 | 04 | 06 | 07
11 09 [N [ n3 | ns Inz june |2y | 23| s | 27
12 129 | 130 | 134 | 137 | 40 | 3 | ue | w9 | B2 | 155
13 159 | 183 | 88 | 72 [we | w1 |15 |12 | w7 | 203
14 205 (216 | 223 | 230 | 237 | 244 | 253 | 262 | 271 | 280
15 289 1200 | 310 | 321 [ 332 | 343 | 358 | 370 | 2a3 | 396
16 410 | 425 | 440 | 455 | 470 | 485 | 500 | 518 | 530 | 580
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