Pqi Hoc ba Néng - Trudng Dai hoc Bdch Khoa
Khoa Pién - Nhém Chuyén mén bién Céng Nghiép
Gido trinh MAY DIEN 1

Bién sogn: BUi Tan Loi

Chuong 13 QUAN HE DIEN TU TRONG
MAY DIEN KHONG DONG BO

13.1. PAI CUONG

Trén stato ctia may dién khong dong bd (MK) cé day quan m, pha, con trén
day quin roto c6 day quin m, pha. Nhu vay trong mdy dién khong dong bé c6 hai
mach dién khong ndi véi nhau va gilia ching c6 lién hé vdi nhau vé ti. Khi may
dién lam viéc binh thudng trén diy quin stato va roto co tii thong tan va tuong ting
c¢6 dién khang tin va gitia hai day quén cd su hd cdm. Vi vay ta ¢ thé coi mdy
dién khong dong bo nhu mot mba ma day quan stato 1a day quin so cdp, day quan
roto 1a day quén thu cip va sy lién hé gitfa hai mach so cdp va thi cdp thong qua tu
truong quay. Do dé ta c6 thé dung cach phan tich mba dé nghién ctu nguyén ly
1am viéc co ban clia may dién khong dong bo.

Khi nghién cu nguyén ly lam viéc cd ban cia may dién khong dong bo ta chi
xét tdc dung cla song c6 ban ma khong xét song bac cao.

13.2. MAY PIEN KHONG PONG BO LAM VIEC KHI ROTO PUNG YEN

Pit mot dién ap U, c6 tin s6 f; vao diy quén stato, trong ddy quén stato s& c6
dong dién I,, tan sé f,; trong ddy quén roto sé c6 dong dién I, tan sé f,; dong I, va
I, sinh ra std quay F, va F, ¢4 trj s la:

. Ny .

Flzmlﬁx dal (13.1a)
n p

. N,Kyo .

Fzszﬁx 2-da2 j (13.1b)
" p

trong d6 : m,,m, la sé pha cia day quén stato va réto; p 1a s6 déi cuc tii; N,,N, 1a
s6 vong diy mot pha clia day quin stato va roto; Kgq1-Kqa2 12 hE s6 day quan cta day
quén stato va roto.

Hai std ndy quay cung téc do n, = 60f,/p va tac dung véi nhau d€ sinh ra std
tong trong khe hé F,. Vi viy phuong trinh cin bing std dugc viét la:



F +F,=F, (13.2a)
F, =F, +(-F,) (13.2b)
O day ta xem dong dién 1, gdm hai thanh phan:
mlx/i y ledql i
T p

ml\/z ledql
X
T p

e Mot thanh phan la dong dién I, tao nénstd F, = 0-

e Vamot thanh phan 1a (-I,) tao nén std (—Fé) =— 1'2 bu lai

std F, ctia dong dién thi cap 1.
Nhu vay ta co:
i, =i, +(-i)) (13.3a)
hay i+, =1, (13.3b)
So sanh std F, do dong dién I, cta réto tao ra va std F', do thanh phén I, cla

dong dién stato sinh ra, ta co:
mz\/zx N2kdq2 I _ ml\/z » ledql i'

2 2
T p s p
T d6 ta ¢6 dude hé s6 qui d6i dong dién:
m; N,k
k, = 17 T17dal (13.4)
m2N2kdq2

Std F, sinh ra tif thong chinh @ trong khe hd, tii thong ® ndy cdm ting trong
day quan stato va roto céc sdd:

. 27 . ¥
E, =—j—=fiNky, D, =—jo, —2 (13.5a)
1 J\/E 181K gq1 Jo; \/5
. 27 . ¥
E,=—j =N,k , P, =—jo, =22 13.5b
2 J\/E 2+%2%dq2 JO; \/5 ( )
Khi réto ding yén f, = f, nén ti sé bién déi dién 4p clia may dién khong dong
bo bing:
E N,k
k,=—L=_1% (13.6)

© E; Nokgp
Tuong ty nhu mba ta ¢d phuong trinh can bang sdd trong mach dién stato:
U, =-E, B, +1;r; ==E, +1,(r; + jx;) =-E, +1,Z, (13.7)
trong do:
+ 7, =r, +jx,: tong trd clia ddy quén stator.
* 1, 1a dién tré cia diy quan stato.
* x, la dién khang tan cla day quén stator.
+ B, =—jl;x, sdd tan do tif thong tan stato d,; sinh ra.



Phuong trinh cin bing sdd trong mach dién roto:
0=E, —I,(r, +jx,)=E, -1,7, (13.8)
trong dé: Z, =r, + jx,: tong trd clia ddy quén roto.
* 1, 1a dién tr§ cta day quéan roto.
* X, = 2mf,L,, 1a dién khang tan cia ddy quin rotoluc ding yén.
Ciing gidng nhu & mba, ta c6 thé viét:
—B, =1,Z,, =1y(t,, +jx,) (13.9)
trong do: I, - dong dién tu hoa sinh ra std F,,.
Z, =1, +jx,: tong tr ctia nhanh tui hda.
*r_1a dién trd ti hda dit trung cho su t6n hao st tu.
* x, 1a dién khang tui héa biéu thi sy hd cam gitia stato va roto.

Qui déi phia réto vé phia stato theo nguyén tdc t6n hao khéng déi:

e Qui ddi sdd roto E, sang bén stato ta dugc 1a:
E,=E, =k.E,.

e Qui ddi dién trd réto r, vé stato :
m11'22r£ = mzlgrz

Y 2
. _m, 1_2 ; _m, mlkdqlwl r
Vay : Pm(12) 7 my(mykg,W, ) 7 (13.10)

trong do, k = k.k; 1 hé sé qui déi tong tré.
e Tuong tu qui doi dién khang réto x, vé stato :
X, =kx, (13.11)

Tom lai, cac phuong trinh dic trung cla may dién khong dong bd qui doi vé

stato la:
U, =-E, +1,7Z, )
0=F, 1.7,
E, =E, ’ (13.12)
I = I0 +(—f2)
_El = 1oZm ’

Khi roto ding yén ma day quin réto ngin mach, thi dong dién trong 2 day
quan rét 16n. D& han ché dong dién I, va I, trong 2 day quén & trj s6 dinh muc clia
chung thi can phai gidm thép dién 4p xudng con khoang (15-25)%U,,. Lic niy
sdd E, trong mdy dién khong dong bd nhé di rat nhiéu va tuong ting ti thong @,
cling nhd, nghia 1a std tii héa F, rat nhé so véi F, va F,, do d6 ta coi F, =0 va ta
co:



(13.13)

va

Hinh 13.2 Mach dién thay thé cda
Hinh 13.1 B4 thi vecto cla MK khi réto ding yén MK khi ngé&n mach

Ta c6 thé tinh dong dién stato I;:
U U
Z,+2, Z,

trong d6: Z, =7, + Z', =r, +jx, :tong trd ngin mach cla may dién khong ddng bo.

I

Véir,=r, +1,va x,=x, +x,
Khi U, = Uy, thi I, =1, day la dong dién khdi dong clia may.

13.3. MAY PIEN KHONG PONG BO LAM VIEC KHI ROTOR QUAY

Khi roto quay thi tin s6 cta tri s6 sdd va dong dién trong day quin roto thay
d6i. Diéu d6 anh hudng rat 16n dén su lam viéc clia may dién, nhung né khong lam
thay déi nhiing qui ludt va quan hé dién i khi réto ding yén.

13.3.1. Cdc phuong trinh co bdn.

1. Phiong trinh cdn bdng sdd J day qudn stato:

M4y dién khong dong bo khi lam viéc thi diy quén réto nhat dinh phai kin
mach va thudng 1a nhin mach. Khi ndi ddy quén stato véi ngudn ba pha, ta cé
phuong trinh can bing sdd 6 day quén stato khi roto quay giéng nhu khi diing yén :

U, =-E, +1,7, (13.14)

2. Phiiong trinh cdn bdng sdd & ddy qudn réto:

Tui trudng khe hé do std F, sinh ra quay véi téc do n,. Néu roto quay véi toc do
n theo chiéu tu trudng quay thi gitfa day quin réto va ti trudng quay cé tdc do

trugt n, = n, - n, vay tan sd sdd va dong dién trong day quén roto sé 1a :

f,="2P 7R XD _op (13.15)
60 n, 60




trong do, s - 1a hé s trugt clia may dién khong dong bo, lic may 1am viéc 6 ché do
tai dinh mujc, thudng s,,, = 0,02 + 0,08.

Sdd cam ting trong day roto luc quay:

. 2n . ¥ .
E) =—j—=1W,ky, D, =—jo, 22 =sE (13.16)
2s J\/E 2 Wakgqo JO; N 2

Dién khang cla day quén réto lic quay:

Xy, = 271h, L, = 2msfi Ly, = s.X, (13.17)
Phuong trinh c4n bing sdd clia mach dién roto:

0=y — I, (1, +jx5,) (13.18)
Hay sau khi qui d6i 1a:

0=Ep —1,(r; +jx5) (13.19)

Trong phuong trinh trén, sdd va dong dién ¢ tan s f,, con bén stato sdd va
dong dién ¢ tin s6 f, vi vy ta phai qui doi tn s6 thi viéc thiét 1ap phuong trinh
mdi c6 y nghia. Ta viét lai phucng trinh (13.19):

_ -1 jmt .l 1 . Al jOJt

RSP B 1 .
Nhan hai vé véi: —el®t = Z i@t

S S
Trong d6: ® =, - @, tdc do gdc cta roto; e @ ' 13 he s qui déi tan sb.
T d6 ta viét lai phuong trinh trén:
o T o
0=E,e'" —L,(-*+jx,)e'"
S

Ly ., , L 1=s. .

Hay 0=E,e*" -1, (r, + jx, +1, T)e”"t (13.20)

Nhan xét:

1. V& mit toan hoc hai phuong trinh (13.18) va (13.20) khong cé gi khac
nhau, nhung vé mit vat ly da khdc nhau vé ban chat. Phucng trinh (13.18) chi ro
md&i quan hé cta dién 4p khi roto quay véi hé s trudt s, trong dé E's,, I', va ton trd
r'y + jx', ¢6 tan s6 f,. Phuong trinh (13.20) chi rd quan hé trudng hdp réto diing
yén va lic nay trén roto duge ndi thém mot dién tré gia tudng r',(1-s)/s; con E',, 1,
va ton trd r'y/s + jx', 6 tan s6 f,.

2. Trong hai trudng hop dong dién I, c6 khac nhau vé tdn sé nhung tri hiéu
dung va géc léch pha la khong doi.

3. Du réto quay hay khéng quay thi std stato F, va std roto F, bao gié clung
quay déng bd vdi nhau.

4. Ning higng tiéu tan trén dién tré gia tudng R, = r',(1-s)/s tuong duong véi
ning lugng dién bién do6i thanh co ning trén truc dong co khi nd quay.



Phuong trinh cin bing std : (vi std stato F, va roto F, quay cung o,).
F +F,=F,
hay I, +1, =1,
Vay phudng trinh cd ban ctia may dién khong dong bo ltic réto quay la:
U, =-E, +1,Z, \

0=E'2—1'2(%+jx'2>

E, =E, (13.21)
I =1, +(—i'2)

13.3.2. Mach dién thay thé cia mdy dién khéng déng bé.

Dua vao cic phuong trinh co ban, ta thanh 1ap so do thay thé hinh T (hinh
13.3) cho may dién khong déng bo khi réto quay gidng nhu mba, & day day quin
so cdp mba la day quén stato, ddy quin thii cAp mba 13 ddy quin roto va phu tai
mba la dién trd gia tudng r',(1-s)/s .

Tt so db thay thé cd thé tinh dong dién stato, dong dién roto, mémen, cong
sudt cd.. . va nhiing tham sé khac. Nhu viy ta da chuyén viéc tinh toan mot hé
Dién - Co hay Co -Dién vé viéc tinh toan mach dién don gian.

r',(1-s)/s

Hinh 13.3 Mach dién thay thé hinh T cOa MK

Trong may dién khong dong bd, do cé khe hé khong khi 16n nén ton tai dong
dién i hda 16n, khoang (20-50)%l,,,. Dién khang tan x, clng 16n. Trong trudng
hop nhu vay dién khang tii hda x,, gitd nguyén va bo qua dién tré r,, (r,, = 0) con
t6n hao sit ta gdp vao ton hao cd va tén hao phu. Tu d6 ta ¢é mach dién thay thé
hinh 13.4 do IEEE dé xudng. Day 1a mach dién thay thé dudc sti dung nhiéu trong
tinh toan va khao sat may dién khong dong bo.



I X X', r',
— 1} — N
— >
) I o
. Y 1-s
0 S e

Hinh 13.4 Mach dién thay thé MK do IEEE dé xudng

Thudng dé tinh toan thuan 16i, ta bién doi mach dién thay thé hinh T v& mach
dién thay thé hinh I" don gian hon. Cach bién d6i nhu sau:
Tt hinh (13.3) ta co:

1'2 =E—,2 voi Z\) =1"y/s + jX\.
Z,
Va ) =21
Zm
T N, )
Vay dong dién: I, =1, +(-1,)=—"L+—2%
Zm ZZS
, ) ) . ) . (7 7
Mic khdc: -E,=U,-1,Z,=U, +E,| =L +=L
Zm Z2s
: U U
Z Z A Z
Zm ZZS Z2s
Trong do : C,= 1+Z,/Z,..
, . -E U
Ta co: -1, = d R
Z,, CZ,+Z,
- -1,z
Zm CIZZS +Zl
- U U
—>1,0+(Z,/Z,))=1,C, ==L+ —-
Viy: 11 = .Ul +—3 ,Ul . :100 +I; (4.22)
CiZn  CiZy+CiZ,

goi 1a dong dién khong tai ly

Trong do: 1, == = =
8O 0 e T U+2,12 7. 7,47

tuidng, nghia la dong dién khong tai Iic s = 0, tiic 1a r',(1-s)/s = oo.

m



8
U I
va: -1, = :

P —— ——% 1a dong dién thu cdp ctia mach dién hinh T". Tu

cac phuong trinh trén ta thanh 1ap dudc mach dién thay thé hinh T" chinh xac cta
may dién khong dong bo nhu hinh 13.5a

1 on 1 o1 !
, Z, (-1) [ C%rél;s , Zy (-1, =-1,) [ r',(1-s)/s
Ur v i, S Ui |
Z,, Z,
(a)

(b)

Hinh 13.5 Mach dién thay thé hinh T' cla mat dién khéng déng bo

Thuc té 1a C, chi 16n hon 1 mét it, géc phiic lai rat nhd nén ¢ thé coi C,;=C,=

1 + x/X,, va nhu vay 12 = 1'2 . Ta ¢6 mach dién don gian hon nhu hinh (13.4b).

13.3.3. Hé s6 qui déi cUa day qudn réto 16ng séc.

Khi v& mach dién thay thé hay dé thi vecto, cic tham sé bén roto déu qui doi
vé bén stato. Cac hé s qui doi tui roto sang stato ctia MK:

k_M.

m,k,; N
= .k = 1Kdq1 N7 k=kk
kdquz mzkdquz
Déi vdi day quéan roto 16ng soc, day 1a loai day quan dic biét, ta cd:
m,=27Z, ; Ny=12 ; Kkyp=1.
Thé vao trén ta co:
KggiN1 kg Ny
dq2 N2 1.5
2
o mlkdqlNl _ 2m1kdqlNl )
1 mzkdquz Z, ’
k=k. k.

4m1 2
e 1:Z—2(kdq1N1) .



13.4. CAC CHE: PO LAM VIEC,GIAN PO NANG LUONG VA PO THI
VECTO MAY PIEN KHONG PONG BO

Ta da biét, mdy dién khong dong bo 1am viéc & ba ché do: dong cd, mdy phat
va ham.

13.4.1. Mdy dién khéng déng b6 lam viéc & ché dé déng co dién (0 <s < 1)

Cong suat tac dung dong co dién nhan ti ludi dién:

P, =mUI,coso,.

Mot phan nhé cong suét nay bu ton hao ddng trén day quin stato pe, = m, 112r1

va ton hao sit thép trong 16i thép pg, = m, If)rm, phan 16n cong suit dua vao con lai

chuyén thanh cong suét dién tii P, truyén qua réto. Nhu vay :
' r‘
Py =Py~ (peurt Pre) = il -2 (13.23)

Vi trong réto ¢6 dong dién nén cb ton hao déng trén day quin roto: pey, =
m,I?%,r',. Do d6 cong sudt ¢ clia dong co dién :
_ _ T 2 0 n o 1-s
Pos =Py~ Pow = myl; f'mzl 'y = mllzzrz s (13.24)
Cong suat ¢ dau truc cta dong co dién:
P, =Py (Pes +Py) (13.25)
+ t0n hao co p,, (t0n hao ma sat va quat gid)
+ ton hao phu p; (xét § chuong sau).

h . b 4
‘L /"&u!
N N

RN s A
— N, iz }P
l @"%& f %E (//: fer
% ‘ > f A g7

= il
(a) (b) ca)

Hinh 13.6 Gidn dd nang lugng mdy dién khong déng bo

Téng ton hao ctia dong co dién khong dong bo
2P =Pcurt Pre T Pewz T Pest Pr
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Hiéu suit cia dong co dién khong dong bo :

nol_ 2P (13.26)
Py Py

Gian do ning lugng clia dong co khong dong bo nhu & hinh 13.6a. Va cling
giéng nhu mba, dd thi vectd cia dong co dién khong dong bd ¢b thé vé theo cac
phuong trinh ¢o ban (13.21) nhu trinh bay trén hinh 13.7a.

Su phan phdi cong suit phin khang trong mdy dién khong dong bo c6 thé thiy
1o ti mach dién thay thé hinh T & hinh 13.3.

Cong suat phan khang dong co dién nhan ti ludi dién :

Q, =m,U,I;sing (13.27)

Mot phin cong suit phan khang nay dudc dung dé sinh ra ti tridng tan trong

mach stato va tu truéng tan roto :

q =mI’x; ; q=mI%x, (13.28)
Phén 16n cong sudt phan khang con lai dung d€ sinh ra tii truong khe hé :
Qn =m IPx,, (13.29)
Vay : Q =q, +q + Qu =mU ];sing, (13.30)

Do mdy dién khong dong bd cé khe hé khong khi 16n hon trong mba, nén
dong dién tii hod trong mdy dién khong dong bo 16n hon dong dién tii hod trong
mba, thudng I, = 20-25%l,,. Va do Q,, va I, tuong dbi 16n nén hé sé cong sut
cos® cta mdy thap, thudng cos@g, = 0,7- 0,95 va khi khong tai cose, = 0,1- 0,15,
rat thap.

13.4.2. Mdy dién khéng déng bo lam viéc & ché dé mdy phdt (-0<s<0)

Khi mdy dién khong dong bd 1am viéc & ché do may phat, s < 0 thi cong suit
¢ clia may 1a P,,= m,13r, I=s 0, nghia 1a may nhén cong suét vao. Ngoai ra,
s
taco:
toy, = —2 =2 <,
/s 1,
Vay su léch pha gitia E; va I, 1a ndm trong khodng 90° <, < 180°.
Tt do thi vecto hinh 6.7b, ta thay : ¢, >90°nén :
+ Cong suat dién tdc dung 1a:
P, =m,U,I,cos¢,.< 0 : may phét cong suit tac dung vao ludi.
+ Cong suat phan khang:
Q,, = m,U,I;sing,> 0, mdy nhan cong suat phan khang tii ludi nhu
dong co dién.
Gian dd ning lugng clia may phat dién khong déng b nhu & hinh 13.6b.
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(c)

(a) (b)

Hinh 13.7 B thj vecto cla mdy dién khong déng bod

13.4.3. Mdy dién khéng déng b6 lam viéc 8 ché dé hém (1<s < + )
Khi s > 1 thi cong sudt co ctia may P, = m,I; rzl_—S <0, nén May nhan
S

A £ \ Ne N A £ A \ ? 14 _ 2 r2 A ’
cOng suat ¢o tu ngoai vao. Cong suat dién tu cua may Py = m,;I; = >0, nén may

nhan cong suit dién t ludi. Tat ca cong suét co va dién 1dy & ngoai vao déu bién
thanh t6n hao déng trén mach réto :
o |2 r' ' ' 1— S o v2 1 -
Py +(-Py) = myl; ?2 -mlT, s my 1515 = Pew

Vi tat ca ning luong ldy vao déu tiéu thy trén mdy nén khi U, = U, chi cho
phép mdy lam viéc trong thdi gian ngan.

Gian dé ning luong va do thi vecto clia mdy dién khong dong bo lam viéc &
ché d¢ ham nhu & hinh 13.6¢ va hinh 13.7c.

13.5. MOMEN DPIEN TU CUA MAY PIEN KHONG PONG BO

Vi mdy dién khong dong bo thudng dugce dung 1am dong co dién, nén khi phan
tich s& 1dy dong co dién lam vi du. Cling gidng nhu cdc mdy dién khéc, dong co
dién khong déng lic lam viée phai kic phuc mémen tai bao gdm momen khong tai
M, va mémen cda phu tdi M. Vi vay phuong trinh can bdng momen cla dong co
dién khong ddng bo lic 1am viée 6n dinh 1a :

M =M, + M, (13.31)



Trong do:
M : Mdmen dién tu cia dong co dién.
.  + . P
Voi: M, = Peo TP va M, = -2
Q Q

Trong do: Q= 26L0n 1a tdc do gdc cua roto;

n 1a tdc d6 quay ciia roto.
Ta viét lai cong thiic (13.31) :

M = pcd +pf +P2 — Pco’
Q Q
Ta cuing co:
M :h
Q,
P P
1
Q n
Py =——Py =—Py =(1—3)Py
Q n;

Tén hao ddng trén roto bing :

Pcwz = Pdt B Pw: SPdt
ta co: P4 = m,E,Lcosy,.
Nén: P., = my(1-s)E,l,cosy,.

Ta da co: E,=+2 i NoK 4o P
f, = pn,/60.
Q= (1-3)Q, = (1-s)21n,/60.

(13.32)

(13.33)

(13.34)

(13.35)

(13.36)

Thé vao trén ta tim dugc mémen dién tii cla mdy dién khong dong bo :

P 1
=—> = —— m, pNoky, P lrcosy,.

V2

(13.37)

Thudng ta lgi dung mach dién thay thé dé tinh momen dién tii theo s.

Tui s6 d6 thay thé hinh T" (hinh 13.4a), ta c6:

I =Cl) = __ ,,
J +Cn /9)% +(x, +Cyx5)?
va { P, = m,l}r, I=s
S
Q=(1-5)Q, maQ, =27mn,/60=21(60f/p)/60 =w,/p

Moémen dién tii cia mdy dién khong dong bo :

12



_ Py _my Uir, /s
Q Q (1,+Cry/s)” +(x, +C;x,)?

(13.38)

Nhan xét:
+ Momen M ti 1& U?,.
+ Momen M ti 1& nghich (x, + ¢,x',)? khi tan sé cho trudc.
+ M =f(s).

Ve quan hé M = {(s).

13.5.1. Tim mémen cuc dai M,,,,

Dé v& quan hé M = f(s), ta tim moémen cuc dai bing cach gia thiét nhu sau :
e Gia thiét c4c tham s6 khac 1a khong doi.

e Dity=1/s.
Viét lai biéu thiic mémen dién tui: (13.38) thanh :
M=— A :
B+ Cy+ Dy
: m,U; ré ,
trong do: { A= 0 { C=2Cinr,
B= r12 +(x; + CIX'Z)2 D= C{r,

Lay dao ham va tim s, ing v6i moémen cuc dai M,,,,, .

dM _ A(B-Dy;)
at _ g
dy|,_,  (B+Cy+Dy")

Yy, =tvB/D

s. =+JD/B =1 Ciny ' (13.40)
\/r12 +(x; +Cx;)’?
2
M =ty mUi (13.41)
20/C 4 1 +\/r12 +(x; +Cix, )2
Thuong r; << x,+ C,x',, nén xemr, =0, ta co:

s =+ Cil2 (13.42)

x; +Cx,

U2

g mUj (13.43)

e 2Q0,C; x, +Cx,
Tanhan xétvé M, . :
+ M, ti 1& véi U}
+ M,,.x khong phu thudc r',
+ M, 6 ché do may phat 16n hon mot it so vdi M,,,, 6 ché do dong co.
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+1', cang 16n thi s, cang 16n.
+ 1, ting thi M, khong doi ma dich sang phai.

max)

T (M

MFat—sle  P.co

Hinh 13.8 Quan hé M =f(s)

13.5.2. Mémen khdi déng :
Diém s = 1 (n = 0) ting véi ché do khéi dong (hinh 13.8) clia dong co:

M, = LX ' m, Ufr, '
Q (5+Cn)" +(x, +Cix,)’
Ta nhan xét vé momen khéi dong M, :
+ M, ti 18 véi UF
+ M, ti 1& vdi nghich véi Z> = (r, + C,r',)* + (x, + C,x,)* . Néu C, =1 thi Z
=7, con (r; + Cr',) << (x, + C,x,) thi M, t{ 1& v6i nghich dién khang (x, + C,x",)%.
+ Tim M, =M, thi hé sé trudc s,, = 1, ta co:

(13.44)

(i, ~1
Sp=———— =
x; +Cx,

=L 1x) (13.45)
1

Day la dién trd cla mach roto dé M, =M, . .
13.5.3. Ddc tinh co cla déng co dién

Dic tinh co clda dong co dién 1a quan hé: M, = f(n) hodc n = f(M,). Ma ta ¢
M =M, +M,, viy 6 day ta xem M, = 0 hoic chuyén M, vé mémen can tinh, nén
xem rang M, = M = f(n). Tt hinh 13.9, ta ¢6 :

+ Poan oa (0 <s <s,,) Pong cd 1am viéc on dinh. Dic tinh cd cing.

+Poanoa (s, <s <1)Dong cd lam viéc khong on dinh.
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13.5.4. Tim biéu thic Klox (Péng co)
Lap ti s M/M,,,

max

M 2Cr, |r1 2+ (x +c1x'2)2_|

— = (13.46)
Mmax S[(rl +C11'2) +(X1 +C1X2)
m
Thé vao ta dugc:
2+
M _ Bm (13.47)
Moo S + Sm. +as,
Sm S
. 2r e . A o n a2 D
Véi a = Cr va trong may dién khong dong bd thuong dién tré r, =r', va s,=
112
0,1+0,2, nén: as,, << s6 hang trudc nd, nén:
M __ 2 (13.48)
Mmax i + sim
Sm S
D4 1a biéu thiic K16x. M
7 32 r'z < r'z < '2
13.5.5. Ndng lyc qud tdi M b/ t
k=M (2 7.3 :
dm
13.5.6. B6i s6 mémen khéi déng n ¢
M L
Mdm S 1
13.5.7. Bi s6 dong dién khéi déng Hinh 13.9 Bac finh co deo M = (s)
k= L
Idm

13.6. THI NGHIEM XAC PINH THONG SO MACH PIEN THAY THE

Mb hinh mach dién cla dong co khong dong bo tuong tu nhu mba, cdc thong
s6 cling dudc xac dinh bing thi nghiém khong ti (dau truc dong co khong ndi véi
tai) va ngdn mach (giti réto ding yén) giéng nhu trong mba.

13.6.1. Thi nghiém khéng tdi

Thi nghiém khong tai 12 day quan stato DK ndi vao 1udi dién ¢ dién ap va
tan s dinh mtic, con dau truc dong co khong ndi vdi tai. So d6 ndi day thi nghiém
dong co khong dong bo dudc trinh bay trén hinh 13.10. Khi ndi ngudn dién co dién
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4p dinh muc vao day quan stato, lic d6 ta do dudc cac dai lugng nhd cac dung cu
do nhu sau :

Cong suat khong tai P, (3-pha, tong cong suét trén hai Watt ké)
Dong dién khong tai I, (tinh trung binh tif 3 ampe ké)
Dién ap khong tai U, (tinh trung binh i 3 von ké).

K [ ]
A —° A W
Nguon @ @
L
ba pha @
*

Hinh 13.10 So dd thi nghiém DK ba pha

Cong suét khong tai P, (t6n hao khong tai) 1a cac ton that khi cong suét trén
dau truc 1a zéro, bao gdm : t6n hao ddng stato, ton hao sit va ton hao quay (t6n
hao quat gfo, ma st va ton hao phu).

Tén hao st trong 161 thép chi xdy ra & stato, con trong roto khong dang ké,
do hé sé truct rat thap (s,=0,001), nén tan sé dong dién trong day quén roto thép,
khoang 0,05Hz.

Tri s6 dong dién khong tai DK khoang 20 - 40% dong dién dinh muic vi ¢
khe hé khong khi. Tén thit dong stato khi khong tai cAn dugc tinh toan, bing cach
do dién tré mot chiéu va hiéu chinh theo dong dién xoay chiéu (50Hz). Cong suit
cd P_, tuong ting vdi dién trd gia tudng cé do trugc s, rat thip. Vi vay r'y/s, + jx,
>> 7 =1+ jX, nén r',/s, + jx, c¢6 thé bd qua. Tt mach dién thay thé hinh 13.3
khi khong tai dugc trinh bay trén hinh 13.11a.

(b) (c)

Hinh 13.11 Mach dién thay thé BK khéng tdi
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Phéi hop hai nhanh ndi tiép Z, va Z,, ta dudc mach dién hinh 13.11b. Trong d6 Z,
=71+ 2y =Ty + jXo, VO T, = 1) + I, VAX, = X, + X, O day ta phai hiéu r, dic
trung cho t6n hao khong tai gdm ton hao sét, quat gié, ma sat va ton hao phu.

Tu céac thong sb thi nghiém va mach dién thay thé hinh 13.11b, ta ¢d :
P 1

r,=r+r, Z?OXE (13.49)
U, 1
Z,=—=x— (13.50)
NER
X, =X, +X,, =7, —T. (13.51)
Hé s6 cong suat khong tai :
coso, =P /(U,L,) (13.52)

Dién khang tin stato x, tim dudc ti thi ngin mach. Ta c6 thé tach ton hao
quay tu ton hao khong tai bing céch trii ton hao déng trén day quén stato khi
khong tai :

p, =P, - 3.r1,% (13.53)

Do tong tré day quén stato Z, =r, + jx, << Z,, = I,, + jX,,, nén c¢6 thé bd qua
Z,. Mach dién thay thé gan ding dong co khong dong bo khi khong tai trinh bay
trén hinh 13.11c. Mach dién tuong duong nay dung dé tinh tong tré nhénh tif hod
rat don gian, giéng nhu trong mba.

13.6.2. Thi nghiém ngdn mach

Thi nghiém nay dugc dung dé xac dinh cac thong sé ndi tiép trong mé hinh
mach dong co khong dong bo. So db ndi day thi nghiém gidng nhu khi khong tai
(hinh 13.10), nhung giti réto ding yén, lic nay hé s truct s = 1. Giam dién ap dit
vao day quén stato, sao cho dong dién chay trong diy quin stato bing dong dién
dinh muic. Luc do ta do dudc cac dai lugng nhd cac dung cu do nhu sau :

Cong suat ngdn mach P, (3-pha, tdng cong suét trén hai oat ké)

Dong dién ngén mach I, (tinh trung binh tif 3 ampe ké)

Dién dp ngén mach U, (tinh trung binh tii 3 von ké).
Trong thi nghiém nay, bé qua ton hao sit r,, = 0, nhung khong thé bd qua dién
khang i hoa X, vi né nhé hon nhiéu so véi mba. Tt mach dién thay thé hinh 13.4,
khi thi nghiém ngin mach dugc trinh bay trén hinh 13.12a (chinh 1a mach dién
thay thé IEEE khi s = 1). Phéi hop hai nhanh song song thanh hinh 13.12b. Néu b
qua nhanh tii hod song song clia mach dién trinh bay trén hinh 13.16a thi gidng
nhu thi nghiém ngin mach mba, viéc tinh toan sé don gian hon vi x", va r'", tuong
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ting bing x', va r'y. T c4c thong sé thi nghiém va moé hinh mach hinh 13.12b, ta
tinh dudgc :

. P 1
Iy =1+r, =3 (13.54)
U, 1
Zy = 7 ><I— (13.55)
X =X TXy =42y - Tg (13.56)
Hé s6 cong suat khong tai :
coso, = P./(U,L,) (13.57)

Trong trudng hop gan ding ¢ thé cho ring dién khang tan stato va dién
khang tan roto bing nhau va bang niia x4 (X4 = X,

X; = X'y = Xq/2 (13.58)
Tui mach dién thay thé hinh 13.16a va b, ta cé :

(1, +j%5)jx,,

L+ ix, = : 13.59
P T ) (1529
Phén thuc cta biéu thuc trén 1a :
" Lo (13.60)
r, =— : :
? (r2)2 +(x, +Xm)2
Dor1', << (x', +X,), nén bo qua r’, :
L (13.61)
L="—""""7 :
2 (XZ +Xm)2
: ) (X, +X,)°
Tacor',=r4-r1,nén: rh=(ryg-r)—— —. (13.62)
Khi x,, >> x',, ta co : X = X; + X% (13.63)
X' I, X,

[ ]

(b)

Hinh 13.12 Mach dién thay thé BK ngdn mach
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13.7 MOMEN PHU CUA MAY PIEN KHONG PONG BO

Moémen phu mdy dién khong déng bd 13 momen sinh ra do tii tridng song bac
cao quay véi nhiing tdc do khac nhau. Nhiing moémen phu nay réit yéu so vdi song
c¢d ban, nhung & téc do thdp nd sinh ra mémen ham tucng d6i 16n 1am anh hudng
dén sy lam viéc ctia may dién, nhat 13 trong qua trinh mé mdy dong co khong dong
bd.

13.7.1. Cdc logi mémen phu

1. Mbémen phu khéng dong bo:

Du tdc do quay clia roto nhu thé nao, std séng cd ban cua stato va roto déu
quay cung t6 do n,, do dé sinh ra momen dién tii nhu da phan tich trén. Khai niém
ndy cling ding cho céc séng diéu hoa.

Cdc song diéu hoa déu sinh ra momen, nhung séng bac 5 quay ngudc va song
bac 7 quay thuan cd bién do tuong ddi 16n va mémen phu sinh ra cling anh hudng
nhiéu dén momen ctia may dién. That vay:

+ Song bac 7 quay thuan: (v = 6K + 1).

e Téc do dong bo: n, = n71
e Vaytdc do: 0 <n < n71: may & ché do dong cd; con n >n71 : may & ché do

may phat.

+ Song bac 5 quay ngudc :
(v="6K - 1).

Toc do dong bd: ng =——, nén

M
toc do dong bo cla nd & trong
khu vuc s >1, (trang thai ham). min /\L -n/n,
Vi tu trudng song bac 5 quay ) ﬁ-\ \/\
7 0 5

ngudc nén toc do trong khoang :

S ——————m—m——— =

-n,/5 <n<n, mémen 4m va n <

- 1’11/5 moémen dudng. H.13.13 Dic tinh M = f(n) khi ¢6 song bac 5, 7

2. Momen phu déng bo:

Momen phu dong bd sinh ra do séng diéu hoa bac cao nao dé cila tii trudng
stato tac dung véi mot séng diéu hoa bac cao cé cung sé doi cuc cla tu trudng
roto. Mémen phu ndy cht yéu do std song diéu hoa ring cta stato va réto sinh ra.
Do dé su phéi hgp ring ranh gitfa stato va roto lién quan dén viéc sinh ra mémen
nay.

Chiy: Z,=7,vaZ,-Z,=+2p sinhra mdmen phu dong bo.
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3. Momen dong xody va Mémen tii tré:

+ Momen dong xody M, sinh ra do su tuong tac cia dong dién xody cam tng
trong mach din ti roto va tu tridng chinh.

+ Momen tu tré M sinh ra do hién tugng tré ctia thép lam mach dan ti roto
lam cham tr& su ttf héa lai roto déi vdi tif trudng dich chuyén tucng déi so vdi roto

13.7.2. Phuong phdp trt kh momen phy

Mbémen phu 1a do std séng diéu hoa bac cao sinh ra, trong dé c6 ca std song
diéu hoa ring. Vi vay mudn trti khii mémen phu thi phai lam yéu std séng diéu hoa
do di.

+ Dung day quén budc ngén.
+ Phéi hop ranh thich dang.
+ Thuc hién ranh nghiéng.

13.8. CAC PUONG PAC TINH CUA MAY DPIEN KHONG PONG BO.

13.8.1. Bdic tinh t6c d6 n = f(P,).
Theo cong thiic hé sé trudt, ta co:
n=n,(1-s)
trong d6 : s = pey/Py . Khi khong tai pe, << P4 nén s ~ 0 dong co dién quay gan
tdc do ddng bd n ~ n, Khi ting tai thi ton hao dong cling ting 1én n gidm mot it
nén duong dic tinh téc do 1a dudng ddc xudng.

13.8.2. Bdc tinh momen M = f(P,)

Ta ¢6 M = f(s) thay déi rat nhiéu. n n Jid
Nhung trong pham vi 0 <s <s,, thi 1 ] A
dudng M = f(s) gin giéng dudng cosp-S_ L7
thing, nén M, = f(P,) dudng thdng qua 61 >
gdc toa do. 4 /// i /\ M

e el M s
13.8.3.Ddc tinh hiéu suat n = 2 [’ P ——
f(P,). 0 —
5 1

Ta c¢é hiéu suit cla may dién H.13.14 Pic tinh lam viéc ctia MK
khong dong bo :

— P2 o
n= P3P 100%

>p téng ton hao, nhung & day chi ¢é
t6n hao dong thay doi theo phu ti con céc ton hao khac 1a khong déi.
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13.8.4. Bdic tinh hé sé cong sudt cosg = f(P,).

Vi MK luén luén nhan cong sudt phan khang ti ludi. Lic khong tai cose rat
thap thuong < 0,2. Khi ¢d tai dong dién I, ting 1én nén cose cling ting.

13.9. MAY PIEN KHONG PONG BO LAM VIEC TRONG PIEU KIEN
KHONG PINH MUC.

13.9.1. bién ap khéng dinh muc.

Gia thiét U, < Uy, : thudng gip nhat, nhu tai cudi ngudn, lic ndy M giam vi M
= U% Vata c6 M = COLcosy, , néu M, khong doi thi I, s& ting 1én tf 1& vdi su
giam @, 1am mdy ndng 1én, vi U ~ E = ® nén U gidm thi ® giam.

Hé s6 cong suat cose c6 xu hudng ting vi I, gidm khi U gidm.

V& mit ton hao, dién ap gidm ¢4 anh hudng nhu sau :

e t0n hao py, gidm = U?

e ton hao pe,, ting = I,

e t0n hao p¢,; phu thudc vao I, va I, vi I, gidm con I, ting.

Néu tai < 40%, ton hao ¢ gidm nén hiéu suit 1| ting.

Nhung tai > 50%, ton hao ting nén hiéu suét 1 giam.

100 " A 100 Co50 N 100 " I //
80 |/ 80 bl 80 |
/ Y ........ / /{ ........ K 4
60 60 £
)/ Ol /
40 40 40 | Y
20 20 / 20
O PZ/Pdm l O PQ/Pdm ’ 0 PZ/Pdm
246 81 2 4.6 81 2 46 81

Hinh 13.15 Dac tinh ctia DK khi doi ndi tit A sang Y

13.9.2. Tan s6 khéng ding muc.
Thudng thi tAn sé f khong d6i hay thay doi +5%f,,, xem nhu khong déi.
Gia thiét : f<f;, maU~E=fd choringU=C'—> ®=1/f.
Vay khi tan s6 f gidm thi:
+ @ ting thi I, ting lam pg, tdng va cose, giam.
+ tdc do n cling giam.
+ Néu M. = C' thi I, gidm va s gidm vi sP,, = pc,, = m,I%r,.
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13.9.3. Bién dp ddt vao khong déi xing

Phan tich dién ap khong d6i xiing thanh cac thanh phan thuan, thi tu ngudc,
thd tu khong va trung tinh khong ndi dit nhu thudng gip trong cac dong co khong
dong bo.

Hé thdng dién ap thi tu ngude sinh ra tii tridng quay nghich cé hé sé trugt cla
roto d6i véitli trudng quay ndy la (2-s) > 1 va momen do né sinh ra 1am gidm
momen c6 ich, ddng thsi gy nén tén hao phu.

o & [ & o
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