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LOI NOI PAU

Dang co dién cong sudt nhd (DCCSN) dugc sl dung ngay cang
nhiéu trong cong nghiép, néng nghiép, thd cng nghigp, trong céc
thigt bi ty dong va may tinh, cac loai truyén dong nhe va trong cac
thiét bi gia dung.

Phan 19n nhitng dong ca dién cang suat nhd thudc loai mét pha va
thirgng 1a dong co dién khong ddng bé. Cach tinh toan nhiing dong co
dien nay co khac vdi nhiang dong co dién cong suat trung binh, nhét 1a
khi tinh ddc tinh clia may.

Hién nay c6 nhiéu phuong phap tinh todn DCCSN, mdi phuang
phap déu cé yu diém rieng cla nd, 4o chinh x4c va thei gian can thiét
dé tinh toan cda cac phuang phap cing khac nhau.

Trude day {nam 1993), tac gid da xudt ban mot quyén sach cung
dé tai. Tu ddy dén nay trinh dé khoa hoc va cong nghé khong ngimng
phat trién, nhigu vat liéu sat tIr va cach dién mdi ra dai, cach tinh toan
clng cd nhiéu cai tién, do 46 14n tai ban nay tac gid da sira lai nhitng
chd sai sot, dua ra cach tinh mdi trong mach tir dé cd thé tinh toan
khang phai lap lai nhigu.

N6i dung quy&n sach nay gidi thieu cach tinh toan cac déng co
dién khong ddng bd cong sudt nhé ba pha va mot pha khai dong bing
dién trd, dién dung, déng co dién dung va déng co cod vanh chép,
trong d6 ¢6 nhdn manh dic diém cla cac loai dong oo dién do, cach
tinh toan day quén hinh “sin” |a loai day quin hién nay hay dung trong



dong cu dién mdt pha va cac vi du tinh toan ciing nhu nhing bang sd
liéu day quan cung chi tiéu ky thuat cla mot sd dong co dien nudc
ngoai dé cac k§ su, nhan vién ky thuat cé thé st dung khi thiét ké tinh
toan lai cac dong co dién céng sudt nhé. Sach cé thé lam tai liéu tham
khao hay giang day trong céc trudng k§ thuét,

Tuy tac gia da ¢§ gang dua vao nhiéu tu lidu va viét ngan gon dé
ban doc cd thé theo ddi mot cach dé dang nhung chic chén khéng
tranh khéi sai sét. Rat mong ban doc gép y xay dung.

Tac gla



DA CUONG VE DONG CO DIEN CONG SUAT NHO

Midy dién cong sudt nho la mot loai san phidm céng
nghiép duge phat trién manh mé trong gin nua thé ky nay.
Thudng nguoi ta gidi han cong suit cua PCCSN trong
khodng tir mot vai phdn odt d&n 750 W, nhung ciing ¢ khi
¢6 ché tuo nhimg dong co mot pha cong suft dén 1,5 kW
(2 mi luc). POng co cong sudt nho ¢ thé chia lam hai loai
16n: loai théng dung va loal dac bigt,

Pong co cong sudt nhé loai thong dung chu yéu duoc

~ A . ~ o 2 -
diing trong cdng nghiép nhe, cédng nghiép thue pham, xi
nghicp y t€, nong nghiép, nhid an cong cong, cdc nginh
tiéu thi cong nghiép v sinh hoat thudng ngay. Cling ¢é
khi diing trong cdc trang bi tw dong lam déng lic kéo phu.

Loui sau dung trong trang bi ty démg, hang khong, tau
thuy va nhitng co ciu khéng ché khéc.

Bang co kKhong dong bo roto tong séc cong sudt nho ba
pha va mot pha 13 loai phé bién nhit trong cdc dong co
xoay chiéu cong sudt nho. Cé thé ding cdc dong co niy dé
kéo cic mdy tién nho, may ly tam, mdy nén, bom nudc, miy
Xay xdt nho, quat gié, mdy ghi 4m, mdy lanh, mdy giit...

Do dong co khong dong bd mot pha ding ngudn dién
mot pha cua ludi dién sinh hoat nén duge ding ngdy mot
rong ril.

bong co khéng déng bo cong suit nho so véi nhiing
loai déng co dién khdc, nhét 1a dong co ¢é vanh déi chiéu
thong dung, ¢ nhimng vu diém sau :

1) két cdu don gian, gi4 thanh ha
2) khong sinh ra nhidu vo tuyén
3) it ti€ng én

4) str dung don gian va chic chin.



Nhuoc diém cia dong co roto 16ng séc la dic tinh diéu
chinh t6c d6 kém. Nhitng dong co khong déng bod dic biét
nhu loai réto réng cé tir tinh hay khéng tir tinh, réto déc
hay réto 18ng séc c6 dién trés 16n 6 thé c6 pham vi diéu
chinh 16n. Péng co nhiéu tdc do ba pha va mot pha diéu
chinh téc d¢ theo cap.

Trong quyén sach ndy s& gidi thiéu phuong phdp tinh
toan déng co khong déng bo céng suat nho roéto 16ng soéc
thudng.

Hién nay cdc nudc déu san xuat dong co khong déng bo
cong suit nhé thong dung theo cdc diy dong co dién thong
nhit tir 15 W dén 750 W (c6 khi dén 1,5 kW) véi 86 cuc 1
2va4g.

0.1. Phan loai dong co dién cong sudt nho va cach
chon dong co dién

Can cit vio s6 pha cha ludi dién va dic trung clta phdn
tt khdi ddng, dong co dién khéng ddng bod cong suat nhd
c6 thé chia lam mdy loai sau:

1) Béng co dién ba pha (n = 3)

2) Dong co dién mot pha (rm = 1) cé phidn tlr khoi dong
trong pha phu.

Theo tinh chit cha phdn tir khdi déng cé thé chia ra cdc
loai sau:

a) Péng co khot dong bang dién tré. Trong diy quin
phu c6 nét dién tré khéi dong (12 ban than dién trd cia day
quén phu hay dién trd phu mic néi ti€p véi day quin phu).

b) Dong co khdi dong bang dién dung. ( loai déng co nay
trong diy quén phu cé mic ndi ti€p mot tu dién khéi dong.

3) Bong co dién dung (m = 2). C6 thé chia lam hai loai sau:

a) Pong co c6 dién dung khot dong va Tam viéc.

b) Déng co cé dién dung lam viéc.



Theo phuong thirc cung cdp dién, dong co dién dung
thudc loai dong co dién mét pha nhung do hai day quan
cla stato déu lam viéc nén trong tdt ca céc coéng thic tinh
todn déu tdy m = 2.

4) Pong co ¢ vdong chap hay dong co cd khe hd to nho
khong déu. O loai sau, duéi mét phin cuc tir ¢é khe hd lén
hon va khdng diung vong chép.

Dong co ba pha, déng co mot pha c¢é phin tir khéi dong
vi dong co dién dung cé thé ché tao thanh loai mot hoic
nhiéu téec do.

Ngoai cach phan loai nhy trén, can cit vao kiéu réto, cd
thé chia déng co khong déng bo ra lam cic loai sau:

1) béng co réto I6ng séc

2) Bong co roto day quian

3) Bong co roto khoi. Loai ndy lai chia thanh:

a) Roto dac 1am bang vat liéu tir tinh
b) Réto réng 1am bing var ligu tir tinh hodc khong tir
tinh.

Cach phén loai, so d6 ndi day va dic tinh khdi déng cha
dong co nho théng dung ahu trén duge ghi trong bang 1.

Can cif vao diéu kién khoi dong, dong co mot pha cé thé
chia lam ba loal sau:

1) Khéi dong véi tai nhe: Momen khoi déng M, < 0,5
moémen dinh mitc M,, (& déng co dién vong chap, dong co
dién ¢6 tu dién 1am viéc).

2) Khéi dong binh thuong: M, =1 + 1,2 M, (& dong co
dién khoi dong bing dién tro, dong co ¢d dien dung lam
viéc, dong co ¢6 dién dung khéi dong va lam viéc).

3) Khai dong véi tdi nang: M, = 1,5 + 3,5 M, (dong co
dién khéi dong bang dién dung).



Biing I. Phén loai va dic tinh déng co dién khéong dong bo eong sudt nho loai thong dung
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Bang 1 (tiép theo)

1 ' 4 5 1 6 7
K&t cau réto léng sc’)c_‘ 1Bng séo ldng so¢ [ 16ng soc i6ng soc tir tinh dac |6ng sbc
Thit bi khéi dong khéng can | khang can cong tac cang tac khang can khong can cong tac
ly tdm ly tam ty tam
Dai cong sudt, W 50+ 1100 | 05-+120 18 + 550 18 = 550 5+750 10=100(3) | 5+750
Dién ap, V 1271220(7) 127, 220 127, 220, 380 127,220, 380127, 220, 380} 127, 220, 380 1127, 220, 380
Téc do déng bd 1500 1500 1500 1500 750, 1000 | dao dong trong | 1500, 3000
Har ¥GHH 3000 3000 3000 3000 1500, 3000 | khoang 1500
Diéu chinh 8¢ do khangthé | khang the khong thé khdngthé | khéngthé | cothédidu | khangthé
diéu chinh diéu chinh | diéuchinh | diguchinh (4) | diéuchinh | diéu chinh chinh diéu chinh
Bong Iuc cho| quat 16 say, | may giat, may bom, | mayghiam, | may ghiam, | may dién
Pham vi sit dung may cong cu | may git, may kanh, may ép, hom diing may khoan | ding trong
' ' may ding may chigu méy lanh... |trong gia dinh, .gia dinh,
trong thuang | phim, may quat, dong Iyc bam, méay
nghiép... diing trong cho may ¢bng tién nha. .
o y €., ¢y nhd

Ghi chi;

(1) # - Dién trd khdi déng ndi ngoai hodc
treng ban than day quan phu

{2) r, - Dién trG phy dang treng val trudng
hop nhu déng cd cta may ghi &m

(3) - Cong sual ldc khéi dong

{4} - C& thé ché tao thanh dang ca dién
nhiéu toc dé (thugng la hai)

{5y Bugmg m= (V) dugc vé thee Lr trudng sbng cd ban

(6) Hién nay san xual c3 hai loai vang ngan mach va khe hd khing
khi khong déu nhau. Trong nhitng ddng ca dién nay mémen khdi
dong c6 thé rat lon {m, = 1} dung frong may giat

(7) Trudng hap ca bigt ¢6 thé ché tao thanh mat loai dién ap.



Cach phan loai theo mémen khoi dong nhw trén cé thé
diing dé lwa chon mot cdch chinh xdc loai déng co mot
pha. Cin chi y ring dong co vong chip kém theo khe ho
khong khi khong déu hay diing hai vong chép c6 thé lam
tang momen khéi dong. Déng co c6 dién dung lam viéc khi
chon dién dung thich hgp c6 thé dim bio mémen khoi
dong quy dinh, nhung didc tinh lam viéc s& kém di mot
chut.

Boi s6 mémen khai dong so véi momen dinh mic cua
dong co khéi dong bang dién tré ¢6 khi dat dén my = 2,
con bdi 88 mémen khdi dong cua déng co cd dién dung
khai dong rdt 16n, ¢ thé dat dén my = 3.5. Trong rit nhiéu
trudmg hop, dé dam bao dong co lam viée t6t va giam rung
dong, trong pha phu cta dong co lam viéc bang dién dung
¢6 noi thém dién trd. Lic dé bdi s6 moémen khai dong co
thé tang 1&n dén my =1 ... 1,2,

Dong co ba pha va déng co dién dung cé chi tiéu nang
luong t6t nhat, cosg cua loai sau ¢é khi con cao hon loai
trude. Can cif vdo cde s6 liéu tdng hop cla mot s& diy
déng co cong sudt nho cia Nga ghi trong bing 2, ¢6 thé so
sdnh tinh ning cia cédc loai déng co khong déng bo. Trong
bang ghi s6 liéu clia dong co ba pha kiéu kin 444 ¢é gi6
théi ngodi, dong co dién cé dién dung lam viéc kiéu kin
4AAT va 4AXT, dong co mot pha cé phin tr khai déng
bang dién tr¢ 4AAE, 4AXE, dong co mot pha cé phin tir
khoi dong bang dién dung 4AAY, 4AXY va dong co ¢6 dién
dung khéi dong va 1am viéc JAAYT, 4AXYT.

Tit bing 2 c6 thé thiy déng co khéng déng bo khai
déng bing dién trd (JAAE vi 4AXE) ¢6 boi s6 dong khai
dong so v6i1 dong dinh mdc rat I6n, i, = 4 ... 8,5, vuot xa
cdc loai dong co dién khéc.

Xuat phdt tir boi s6 momen khéi dong, dong co dién khai
dong bang dién tré va dong co dién ¢6 dién dung lam viéc
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thich hop véi loai tai khai dong binh thusng, m = 0,8 ... 1,
con dong co dién khoi dong bang dién dung thich hop véi
tai dd1 hoi mémen khai déng 1on, me = 1,6 ... 1,8.

Boi s6 moémen cuc dai cta nhiing doéng co nay nim
trong khoang myg = 1,5 ... 1,7.

Cdc s6 liéu chi tiét vé day quén cua cdc dong co ndi
trén duge ghi trong phu luc 5.

Tat cd nhitng dong co mot pha cé phin tir khéi dong déu
phai c¢é thiét bi khéi dong chuyén dung. Trong thdi gian
khoi dong, thi€t bi khdi dong sé& ndi pha phu (pha khoi
déng) voi phdn tr khai dong (dién tro ry hay tu dién Cy).
Khi dat dén moét téc d6 nhdt dinh (bing 0,7 d&n 0,8 t6c do
déng bd ny,) thi ngdt pha phy ra, déng co chi lam viéc véi
pha chinh.

( t6c d6 nay, moémen do pha chinh sinh ra thuong 1én
hon mémen do ca hai pha sinh ra. Trong déng co dién cé
dién dung khoi dong va lam viéc, thiét bi khoi dong trong
thai gian khoi dong (tlr hé s8 trugt s = 1 dén s = 0,25 ... 0.2)
s& ndi thém tu dién khdi dong Cy vao pha phu. Thiét bi
khéi dong cé thé diing cong tic ly tam, nit &n, role qud
dong dién... Thong dung nhdét 13 dung cong tic ly tAm.

Dé ha gia thanh, cong nghé¢ don gidn va st dung thuan
lgi, nguoi ta con ché tao mot loai déng co dién ¢6 két cau
va diy qudn chung cho tdt cd cdc loai dong co dién cong
sudt nho, tic 1a théng dung cho cd ba pha va mét pha (véi
ciéc loai phén tlr khéi dong khac nhau) goi tit la dong co
dién khong dong bd cong sudt nhd van niang. Dai véi loai
dong co nay, dam bio cho duge dic tinh khdi dong v lam
viéc cua nhitng déng co ¢é diy quén phu khé hon 1a déi
véi dong co mot pha thiét k€ riéng.
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Bing 2. Chi tiéu ky thudt ciia déng co dién cong sudt nho cia Nga

Cong suat | S& [ Boisd | Boisd Bl s6 Cap
Kiéu déng co dién AW cuc | momen | momen | mémen cosg n % | cach
2p | cycdai |khdidang | khdi dong dién

mmax mK ";(

1 Z 3 4 5 ] 7 8. 9 10
AOL-011-2-A0L-22-2 80 - 6C0 2 |1,7-22] 13-2 4-5 066-085| 58- 75 A
ACL-011-4-A0OL-022-4 50 - 400 4 1,72 1,3-18 3-4 05-076 43 - 70 A
4ANB0A-2-4 AAG0B-2 90 - 120 2 2,2 2 5 0,54 -0,56 | 52-54 B

(%]

% 4AAL6A2-4AAG3B-2 180 - 680 2 22 2 5 0,76-0,86 | 66- 73 B
4AAS6A4-1AAG384 120 - 370 4 2.2 2 & 0,64-069| 63-68 B
4AXT1AZ-4AXT1B2 750-1100 | 2 2,2 2 5 0,9 77 B
4AXT1A4-4AXT71B4 550_ - 750 4 2,2 2 5 0.74 08 B

- g: AOLD-011-2-A0LD-22-2 50 - 400 2 16-2 1-1.2 48 - 70 A
o o,
22 |AOLD-011-4-A0LD-224 | 30-270 | 4 | 16-2 | 1-12 w-62 | A
& =
o o [4AATSBA2-4AAT63B2 0.4 B
é g 120 - 370 2 1,7 45 - 88

& |4AAYTHRAZ-4AAYTE3B2 1,5 B




ol

Beng 2 (1iép theo)

1 2 3 4 5 6 7 8 9 10
= |4AA56A4-4AATE3B4 0,4 B
o & 90 - 250 | 4 16 51 -62
S o |4AAYTSGA4-4AAYTE3BS 16 B
3g T 2
o @ |4AXTTIAZ-4AXTT1B2 0.4 B
T 5 550 - 750 | 2 1,7 64 - 66
o = [AAXYTT1A2-4AXYT71B2 15 B
<3 1
@ = |4AXT71A4-4AXT7B4 0,4 B
= 370-550 | 4 [ 15-1,6 62 - 66
4AXYTT1A4-4AXYT71A4 16 B
4AAESBA2-4AAEB3B2 0.8 -1 8,5 B
90-250 | 2 | 16-17 0,75-0,82 | 50-62
o |4AAY56A2-4AAVE3B2 16-17 55 B
=3
T |4AAE56A4-4AAES3B4 0,8 -1 75 B
e 60-180 | 4 15 0.65-07 | 37-47
= |4AAY56A4-4AAYE3B4 16-18 | 4-45 B
= R T
S [4AXET1A2-4AXET1B2 0,8 8,5 B
S |4AXY71A2-4AXY71B2 370-550 ) 2 7 1,7 5,5 074-083 55-60 B
= . , }
a —]
AXET1A4-4AXET1B4 1.0 7.5 B
250 -370 | 4 1.5 0.7 50 - 51
AAXYT1A4-4AXYT1B4 18 4 B




Khi sir dung dong co khong dong bo ba pha cong suat
nhd Iam dong co modt pha, thudng dem day quin hai pha
méc ndi tiép lai lam pha chinh, con pha thi ba thi lai lam pha
phu va phin tir kh&i dong n6i véi pha phu nay nhu & hinh 1.

Ngoai ra ¢6 thé ding cdch ddu nhu & hinh 2. Trong dé
cach ddu tir 2b dén 2d chi ¢6 thé dung cho dong co khéi
dong bang dién dung, dong co ¢ dién dung lim viéc va
dong co khoi dong va 1lam viéc bing dién dung. Céch diu &
hinh 2a, vd 2b dwgce ding trong trudng hgp day quin ba
pha ddu hinh sao, con & hinh 2c thi diing trong dong co cd
day quén ba pha d&u tam gidc.

Néu dong co ba pha ra 6 ddu day thi thudng hay ding
cdch ddu diy & hinh 1. Cich d4u day & hinh la khi dién trd
khoi dong nhu nhau ciing twong tu nhur & hinh 2a nhung
moémen khdéi dong s& 1dn hon nhidu. Cich ddu diy & hinh
Ib va lc so v6i hinh 2¢ d€n 2e ciing ¢6 wu diém nhu vay.

CA’
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Hinh 1. Sa @ ddu day thanh mdt pha cla déng co dién ba pha
a) khdi déng béng dién trd; b) khdi dong bang dién dung;
c) C6 dién dung khdi dong va lam viéc; d va e) C6 dién dung lam viéc.
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Hinh 2. S0 d6 dau day thanh mdt pha cla déng co dién ba pha.

So sinh cdch ddu day & hinh 1b va 2b thi loai trugc c6 thé
dat mémen khéi dong 16n nhit, déng thoi dam bao nang
luc qud tai 16n. Do d6, khi khong can momen khoi déng
16n, nén diing cich dau & hinh 2b; nhu vay cé thé dim bao
khi kh&i dong dong dién phan bé tuong déi déu trong cde
pha va dic tinh lam viéc gi6ng nhu cdch dau & hinh 1b
déng thoi dién ap trén tu dién ciing twong doi thip. Néu
mdy dién ding day quan mét 16p bude da thi cdch diu nidy
cling c6 thé dat duge dic tinh mémen M = (s) khong cé
ché 16m xuéng. Khi cosg cta dong co nhu nhau thi cich
dfu theo hinh 2b cé thé sinh ra mémen khéi déng giong
nhu theo cdch diu & hinh 1b.

Trong truong hop ddu dong co ba pha thanh mot pha,
néu dién dp luéi bing 2 14n dién 4p pha dinh mic cla déng
co ba pha thi ding cdch ddu theo hinh 2d va 2e.

Nhuge diém cha cich dau theo hink 1 1a déng co phai
dung ddy quin hai 16p budc ngin dé tranh dudng dic tinh
momen bi 16m xuéng do séng bédc 3 cla tl trudng gdy nén.

0.2, Nhiém vu thiét k€ va trinh tu tinh todn

Khi thiét k& déng co dign cdn phai c6 cic s6 liéu sau:

15



1. 56 liéu dinh muc:

Cong suit dinh mic P, W
T6c dd quay dong bd ng, vg/ph
So pha m

Tédn s6 nguon dién f, Hz

Dién ap dinh moc Uy, V.

2. Ché& do lam viéc: lién tuc, ngin han lip lai, ngin han.

3. Diéu kién lam viéc: bién do thay ddi theo nhiét do va
do 4m ctia moi trudng.

4. Diéu kién dic biét, trong d6 c6 thé bao gbm dic tinh
momen theo hé s6 trugt M = f(s), dac tinh diéu chinh, dic
tinh khoi déng (boi s6 momen khoi dong my, bdi 86 dong
dién khoi dong i), nang luc qua tai (boi s6 moémen cuc dai
nt,,,.) va yéu ciu vé do 6n nho, v.v...

Ngoai ra cdn ndi & vi tri 1am viéc cla truc: nadm ngang
hay ding. Mdy dién da s 12 ndm ngang. Mdy dién truc
ding thudng dung trong may ly tdm, mdy giat, may ghi am
A _

Ngudi ta chon loai va ki€u dong co theo nhiém vu thiét
k& va cong dung, con kich thude chi yéu thi xdc dinh theo
cdc 86 liéu dinh mitc (xem chugng ' 1). Khi chon tai dién tir,
tinh todn réto va pha phu cing nhu gidi quyét cac van dé
cé lién quan dén két cdu thi phai chi ¥ dén céc diéu kién
dic biét. Trinh ty tinh todn dong co khong déng bd céng
suit nhd duoc trinh bay trén hinh 3. D6i véi déng co ba
pha thi bé phdn tinh pha phu. DPé cho phuong phép tinh
todn déng co ba pha vi mot pha thdng nhdt véi nhau, khi
quyét dinh kich thudc chd yéu clia dong co mot pha sé din
ra mot hé s& stt dung quy ddi j, {so v6i dong co dién ba pha).

Trinh ty tinh todn theo hinh 3 ¢é nhitng dac diém sau:

1) Tinh dic tinh am viéc theo mach dién thay thé.
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l Xac dinh kich thudc chi yé'uj

[ Tinh toan pha chinh (day quén stato va kich thudc hinh noc) |

e Trd khang roto,
Trgkhang stato - kich thudc hinh hoc
A A
[ Dongdigntirhea | [ Ténhao |
v
| Mach dién thay thé pha chinh ]
v y
Tinh toén pha phu Tinh toan dong
{ il —l dign phu do
: : 3 t8n hao sat
[ Tinh toan dgc tinh lam viee — {#  gay nen

Hinh 3 Trinh tu tinh toan dong co dién khong déng b céng sust nhd.

2) Diing nhitng tham s6 c6 thé dam bao nhing diéu kién
dac biét (nhit la tham s6 vé bdi s6 momen cuc dai di cho)
de thiét k& roto mot cach hop 1y.

3) Tén hao sit dwge quy déi thanh mot dong dién phu
cOng vao dong dién stato. Nhu vay don gidn hod duoc viéc
tinh todn ma lai twong ddi chinh xic.

Ngoai ra déi véi dong co mot pha cdn ¢ dic diém sau:

a} Tinh todn pha chinh: D61 véi dong co dién dung thi
pha chinh duogc thiét k& theo diéu kién dong co hai pha déi
ximg, doi voi déng co ¢6 phin tir khai dong thi tinh theo
diéu kién lam viéc mot pha (chi thong dién véi pha chinh).

b) Tinh todn pha phu.

c) Tinh dac tinh lam viéc v&i tir truding elip hay dap
mach.
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Chuoug 1. XAC DINH KiCH THUGC CHU YEU

1.1. Hang s6 may dién va cac hé so két cau

Cac yéu cdu dé ra cho dong co khong dong bo cong
suit nho thudng mau thuin vél nhau, vi vay viéc xac dinh
. kich thuéc chl yéu trd nén phic tap. Kich thude chu yéu
ne’ ¢ day la dudng kinh trong D (cé khi 13 dudng kinh
ngoai D,) va chiéu dai tinh todn / cha 161 sit stato. Ngoai
ra cdn phai chi y dé€n su lién quan giira cdc kich thude chi
y€u dy thé hién & cdc hé s6 két cdu nhu ty 1¢ giita dutng
kinh trong va ngoai k, = D/D,, ty 1& giita chiéu dai 16i sat
véi dudmng kinh trong 18i sat A = //D hay véi dudng kinh
ngoai 181 sit &, = 1/D,.

Khi chon kich thudc chll y&u cin xét dén cdc quan hé
sau:

- Quan hé giita hiéu suat cose vdi cong suit dinh mac

Pdm‘
- Quan hé gifta hé s¢ sir dung vat liéa trén don vi cong
e : . A
sudt voi cong sudt dinh mitc V4 = 25 = (P,
dim

- Quan hé giita tai dién tir (1a1 dudng A vd mat do tir
thong khe hé khong khi Bs) v6i cong sudt dinh mitc trén
don vi tdc dé A, By = f(P g/Na)-

Cac kich thuée cha yéu ciia dong co ba pha va mot pha
duge xdc dinh theo cung mét cong thitc. Muén duge nhu
vay, khi xdc dinh cdc kich thuée chil y&€u ngudi ta quy déi
cong sudt miy mot pha ra mdy ba pha ¢é cung kich thudce.
Liic d6 cong sudt mdy ba pha quy ddi bang:
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P = PP’ (1-1)
trong d6 Py = P's = Py /(ncosg) 1a cong sudt tinh todn
clia mdy ba pha quy déi vi mdy mét pha cdn thiét keé.

Bs = f,.5, 1a hé s6 quy doi

£, 1a hé s6 biéu thi ty s6 gilta cong sudt ¢6 ich cia may
Fomm

P

£ 1a hé s0. D6 la ty sé gilta cong sudt nang lugng (77.cosp)

ctia dong co mdt pha va ba pha:
o= m.cos@/{y.cospy).

Quan hé giita cdc kich thude chi y€u cia mdy dién duoc
biéu thi bing hing s6 mdy dién, con goi 1a hdng 56 Arnold.
3 D*Lny, _8,6-10*
P BsA

5

ba pha va mdy thiét k&€ ¢é ciing kich thuéce: g, =

Ca By, cmPvg/VA (1-2)

trong doé:

D- dudng kinh trong stato, ¢m;

.- chiéu dai 181 sit stato, cm;

Ry~ t8¢ d6 déng bo, vg/ph;

P’.- cong sudt tinh todn (cong sufit biéu ki€n ma dong
co dién 14y tir ludi dién vio), VA,

Bs- mat d6 tir thong khe hd khong khi, Tesla;

A- tai dudng, Afem;

Do trong céng thitc (1-2) dwa vio hé s& S, nén cé thé
Xdc dinh kich thuéc chl yé€u cia ca hat loai dang co mét
pha va ba pha.

D61 v6i dong co dién ba pha: B, = 4, =4, = 1.

Theo s& ligu clia céc nudc, d6i v6i dong co dién dung g,
= 1,25 ... 1,7 (v6i dong co ¢6 dién dung diy 44: £, = 1,33 ...
1,55). Ddi véi dong co c6 phan tir khai dong B, = 2,2 + 2,78
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(véi day 4A thi g, = 2 ... 2,1). Khi kich thudc bén ngoai
cta déng co nhu nhau thi cong sudt cia dong co dién dung
thuong bing khoang 57% dong co ba pha, con dong co
dién mot pha thi bang khodng 40%.

47 ot x cos v )
I i Y
’ i e
a5 ”,ﬁ b TR A 7
o4 2},:2{% e
a3 2P=4{

fitm

I R 150 200 250 300 350 400 450 (w)

Hinh 1-1. Dudng biéu didn hidu suat dién nang 7,,.cose, = 1(#,,) cla dong
ca dign khéng déng bd cong suat nhd ba pha.

gs' T

ZXC‘OJ‘(@ :
Q5 {/ d(.{//; Frry M/’,{,{/‘é{{
2 /2 T,
" 7

Zp a2
05 -YA A
a,2
Zp:
g k- .
“la 30 100 50 200 250 300 350 400 450(W)

Hinh 1-2 Dudng biéu dién higy sudt dién nang 7.cose = (£, ) cta dong co
dién cong suat nhd mot pha co phan tir md may (r, hay C,).

C6 thé xdc dinh hé s6 f, cha dong co mot pha va dong co
dién dung theo cic dudng biéu dién & cdc hinh 1-1 dén 1-3.
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Tir cic hinh trén cé thé thdy dong co dién dung khong
oNing dong co ba pha va mét pha c6 phén tir khoi dong o
chéd tich s& n.cosg cha mdy c6 cing mét pham vi gidi han
khi s6 cuc 2p = 2 va 2p = 4. Giéi han trén cta dudng cong
trén hinh 1-3 cha y€u diung cho dong co 4 cyc.

R

g7 - o rz2z
xoar W
06‘71 ol Aﬂ%% /“ Z

422-2,4{? i £l

ST 100 (350 280 250 JI0 350 400 A3 (w)

Hinh 1-3 Budng bigu dién hiéu suat dién nang
m.cos @, = f{ Ay, clia dong co dien dung cong sut nhd.

1.2, Tai dién tir

Kich thude chu yéu coa mdy dién nho (D va l) phu thudc
vao viéc chon tal dién tit ma tai dién tir lai c¢é quan hé véi
vt liéu dan tir, cdp cdch dién, két cdu va cdch lam mdt may.

T4i dién tir néi & day gdém cdc tham $6 sau:

1) Mat do tir thong trong khe hd khong khi Bs va hé
thoéng mach tir.

2) Tai dudng A va mat d¢ dong J déi véi bo phan mang
dien. B;, A, J ¢6 thé biéu thi tinh hinh sir dung day quén va
hé théng mach tir, cdn quan hé gilta A va B; cé thé quyét
dinh dic tinh khai dong va 1am viéc cia dong co.

Tri 88 cua A va B; trong dong co ¢ong sudt nho twong
doi bé. Mat d¢ tir thong trong khe hd khong khi Bs bi han
ché boi mat do tir thong cho phép trong rang va gong loi
sat. Theo su phdt trién clia k§ thuat vat li¢u, chit lugng
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thép din tir ngay cang t6t 1én nén B;s ¢é thé chon cao hon.

Hién nay trong mdy dién & nude ta dang st dung hai
loai thép ky thuat dién cdn néng (ky hi¢u thép cia Nga la
1213 hay E2]) va cdn ngudi (ky hiéu 1a 2272). Loai cdn
nguoi din tir t6t hon loai cdn ndng, do dé cé thé chon B;
cao hon so v6it khi s dung thép k¥ thuat dién can néng.
Pic tinh tir hod cha cdc loai thép nay dwge ghi trong phu
luc 1.

Do budce cuc 7 cia dong co nhd tuong d6i bé, tir thong
@ nhé nén s6 vong diy din tuong d6t nhiéu, hon nia tiét
dién diay dan rdt nhé. Vi vdy cdch dién day dan trong ranh
chiém mot khong gian tuong d6i 16n. Ngoai ra can phai xéi
dén hién twong day dén sip x€p trong rinh khong déng déu
nén hé so l1ap ddy rinh kha thip. Vi ly do trén nén viéc
nang cao tai dudng bi han ché.

Tai nhiét cho phép cua mdy dién W’ chu y&u duge quyét
dinh bdi cich lam mat mdy, ty 1¢& thuan véi tdi dudng vi
mat do dong dién:

wi=-2L_7.4 . W/em?
100

trong d6 p la dién tro sudt cia vat liéu dan dién.

Véi mot tai nhiét cho phép, mat do dong dien J cho
phép c6 thé tang 1én khi giam tai dién tir A. M4t do dong
dién cua dong co dién cong suat nho thudng cao hon dong
co dién thudng. D6i véi dong co dién m pha (bao gém ca
déng co dién dung d6i xing) tii dién bing:
2m-W-I

D
trong dé W 12 s6 vong day clia mot pha.

A (1-3)

m

bé6i v6i dong co cd phin tir khoi dong, tdi dudng duge
xdc dinh theo s6 ampe - vong cua pha chinh va chiéu dai
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clia cung trong 46 dat diy quén chinh:

A =2W.l, /aza (1-4}
trong dé: ey, = aD-Z,/Zs1a chiéu dai cung cé rinh ddt day
quén chinh; Z,, Zsla s6 ranh dat day quén chinh va s6 rdnh
stato.

Trén thuc t€, tai dién tir duoe chon trong gidi han sau:

B;=0,3 = I Tesla;

A=90+ 180 A/cmkhi 2p =2

A =90+ 200 A/cm khi 2p = 4.

Mat do dong dieén J c6 thé chon trong khodng 6 dén 8,5
A/mm’.

bai véi day qudn phu ctia dong co dién mot pha chi néi
véi ngudn dién khi khoi dong, mat do dong dién cho phép c6
thé 16n hon tri s6 trén khodng 2 dén 3 1dn, ¢ khi dén 5 14n.

Khi chon miét d6 tir thong khe hd khong khi B; cia dong
co dién cong sudt nho nén xét dén:

a) Do bio hoid cho phép clia mach tit trong phin ring va
gdng stato (dac biét 1i mdy hai cuc).

b} Yéu cau dat duge tinh ning lam viéc va khdéi déng 16t
nhat.

¢) Yéu cdu ¢é ti€ng 6n it nhat.

Muén thod mén yéu cdu thit hai thi phal ting Bs va nhu
viy s& mau thuln vdi yéu cdu thit nhat v thi ba.

Tii dudng thay déi khong nhiéu (khodng 90 dén 200
Afem) con mat do tlr thong khe hd khong khi lai thay doi
rat nhiéu. Do dong co cong sudt nhio cd yéu ciu ky thuit va
kiéu két cdu khdc nhau nhiéu nén B cé thé thay déi trong
pham vi 1én, trong 46 tri s6 nhd ding cho dong co dién
cong sudt tuong doi nho va it ti€ng 6n. Tuy vay vai thép ky
thuat dién cdan néng thuong chon Bs = 0,5 ... 0,6 Tesla,
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trong d6é tri $6 16n ung v6i mdy 4 cuc. Day miy 4A cua
Nga diung thép cdn ngudi c6 B; = 0,8 ... 1 Tesla.

1.3. Xac dinh duong kinh trong, ngoai, chiéu dai 16i
sit stato va budce cuc

1. Puong kinh trong, ngodi I5i sdt stato

Sit dung hing s6 may dién va dua vao cdc hé 56 két can
kp, A €6 thé xdc dinh duge dudng Kinh ngodi 16i sit theo

cong thite:
44 Pgy P
D, =3 o (1-5)
kD BSA.A‘I'.”(”J

o diay: Py = P/ cos @),
B; va A chon theo muc 1.2.
Hé s6 A =1/D =022 ... 1,57. V6i mdy dic biét nhu mdy
ghi am lay 4 = 0,22 ... 0,33.
Hé s6 4k, =0,485..0,615khi 2p=2.
kp=0,495 ... 0,655 khi 2p = 4.

Bai voi dong co dién mot pha ¢é vong chap, cé thé xic
dinh dvong kinh trong stato theo cong thifc sau:

C-P.
D=3—9 cm (1-6)
il”db

55
_a.BE,A
gday: B;=0,4 ...0,6, Tesla; A =60 ... 200, Ajem;
a=0,6..09 1=04..1,2.

trong doé:

C6 thé dua vao phuong phdp quy hoach thuc nghiém
cho mot day may dé duwa ra cach tinh hé s6 sir dung vat lieu
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trén don vi cong sudt t6i wu va ti ddy tim ra dudong kinh
ngoal tdi .

Trong dai cong sudt dén 180 W, hé s& do la:

Khi 2p = 2 (véi hé s6 tan man o = 1,71):

5948 7777 40,48+2,29

Vg =229+ - + : (1-7a)
i Pdm Pclzm P danl P, stn
Khi 2p = 4 (v6i hé s6 tdn man o = 2,25):
113,6 20434 12152 25
Vg=25+ ——+ + (1-7b)

3 4
Pdm Pd

m

Pdm P

dm

Nhu vay dusng kinh ngoai 167 sit s& bang:

D, =13 HanYa , em (1-8)
ﬂkls

& day k, = {/D,. Trong cdic dong co dién khong dong bo
thuong, k, = 0,415 ... 0,67; trong cic dong co dién khong
déng bd dic biét nhu loai ba pha va mdt pha thong dung,
k,=0,43 .. 0,85 va v6i mdy ghi am £,= 0,12 ... 0,38.

Khi xdc dinh dutmg kinh ngoai 16i sit cdn cha y dén
chiéu cao tdm truc cua mdy thigt k€. Noi chung trong cic
dong co dién hién dai nhu diy 4A cua Nga, quan hé gilta
chiéu cao tam truc H véi dudng kinh ngoai 161 sat D, nhu
sau:

H=0,55D,+ (6 ...8), mm (1-9)
trong dé D, tinh theo mm.

Duong kinh ngoai tiéu chudn cia diy 44 theo chiéu cao

tam truc nhu sau:

H mm: 50 56 63 71 80 a0
0, mm; 81 8o 100 116 131 149
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Sau khi chon dudng kinh ngoai tiéu chufin thi xdc dinh
dudng kinh trong theo c¢éng thifc:
D=k,D, (1-10)
2. Chiéu dai stato va budc cuc
Chiéu dai tinh todn clia stato duoc xac dinh theo hé s§

két cdu A hay &

l.=AD, cmy;
hay l,=k,D, cm (1-11)
va budce cuc:
T:ZD- , €m (1-12)
2p

Thuong bude cyc trung binh nam trong khodng:
T,=8,5...10cmkhi 2p =2
rw=43... 6cmkhi2p=4
Véi dong co dién mot pha cé phan tir khdi dong, tri s6 7
.16n hon 15 dén 20% so v6i dong co dién ba pha, con véi
déng co dién dién dung thi ién hon 10 dén 15%.

1.4. Khe hor khong khi

Pé gidm nh6 dong dién khéng tdi va ning cao cosg, khe
h& khong khi thudng chon nhé, nhung khe hé cang nho thi
cang khé ché tao do d6 gid thanh ché tao cao. Khe hé con
anh huong dén séng bidc cao. Khe hé cang nhd thi anh
huéng d6 cang lon.

Khe ho khong khi trong dong co dién cong sudt nhod
thuong chon trong khoang sau:

d=0,2+0,3 (0,35), mm (1-13)
D6i véi déng co mot pha, dé cai thién dic tinh khai
dong, chon khe hé 16n hon so véi dong co ba pha, déng
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thosi khe hd cla dong co ¢d 2p = 2 16n hon khe hd cia dong
cocd 2p=4.

Khe hé khong khi clia dong co ba pha ¢6 thé duge tinh
theo c¢ong thirc kinh nghiém sau:

6=10,2 + /200, mm (1-14)
& day D tinh theo cm.

Da&i véi dong co ¢6 s6 ranh clia mdi pha dudi méi cuc 12
phan s6 thi khe ho khong khi J phai tang 1én 20%. Khi két
cidu 6 d& 1a bac d&, do ¢6 kha niang bi léch tam nén tri s6
ciia khe hé khong khi phai tang thém 10 dén 20%.
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Chuong 2. DAY QUAN, RANH VA GONG STATO

2.1. Chon so0 ranh stato va roto

Viéc chon 88 ranh stato Zg vd s6 rinh roto Z; cua dong
co dién cong suit nhd c¢é quan hé mat thiét véi nhau va khi
xét quan hé dé phai chu y dén nhitng yéu t6 sau:

1) Trén dic tinh moémen M = f(») khong c¢é chd 1dm nhiéu
do nhitng mémen ky sinh déng bé va khong déng bo sinh ra.

2) Dong co khi lam viéc, ti€ng on do luc hudng tam
sinh ra nhé nhat. :

3) Tén hao do phdn ring sinh ra nho nhit.

Ngoai ra, khi di cho duong kinh ngoai stato, viéc chon
sO rinh Zg con phu thude vioe chiéu rong raing nhd nhit ma
cong nghé cho phép, thuong b, = 1.8 ... 3 mm (gidi han
duéi diung cho mdy ¢ong suit nho).

Cudi cling, khi s6 cuc khic nhau thi viéc chon s& rinh
stato v kiéu diay quén ciing c6 lién quan véi nhau (xem
muc 2.2).

Diéu kién co ban dé gidam nhé anh hudng luc ky sinh
theo luc hudng tAm va luc ti€p tuyén nhu sau:

D¢ giam nhd momen ky sinh khong déng bé phai chon:

Zy < 1,25(Zs + )

Dé giam nho momen k§ sinh khéng déng bo phai tuan

theo nhitng bt dang thiic sau:

a) Khi khéi dong: Zp = Zs, Zp % 0,52
Zg %27, Zp # 2nipg

by Khilam viéc:  Zy # 2Zmpg £ 2p , Zy 27,1 2p
Zez052,xp , Loy 2z Zs#=p

Lo #2012 .
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Dé tranh xudt hién lyc huéng tam phai tuan theo nhing
bit dang thic sau:
Ze #2mpg £ 1 ‘ Zp=2mpg t 1
Zy#2mpgt2pt 1,
ba&i véi dong co khong déng bo cong sudt nho réto 16ng
s6c ba pha va mt pha, sy phoi hop giita ranh stato va roto
c6 thé chon theo bang 2-1,

Bdng 2-1. Sy phdi hop rdnh stato va roto

2p Zs &

2 18 21 (15, 22, 23, 30)

2 24 18 (17, 19, 22, 30, 36) :
2 30 (36} -

4 24 16, 22, 30 (17, 36)

4 32 26, 42 (44)

4 36 46 (48)

Ghi chid: §& ranh trong ngoac khong thé thod man mai yéu céu.

Cé thé sir dung bang 2-2 dé chon su phdi hop ranh stato
vl roto déi voi dong co dién mot pha theo yéu cau.

Bing 2-2. Sy phéi hop ranh Z/Z, 461 vdi dong co dién mot pha

2o vai cae tr $8 cuc tidu vé
2p{Zs | mbmen ky sinh mémen ky sinh tiéng 6n | lyc hudng
déng bé khong déng bé tam

28] 12192123 13 13,15, 21,23

2112 17,21,23 17 17,21, 23 -
2116 21,23,25 21 23,25 25
224 17,19, 21 17,19, 21 17,19 -

41 8/11,13,15,17,19,21, 22 11,13 15,17,19, 21, 22 22

4 118 13,19, 21,23, 25 13,19, 21,23 23,25

41241 17,19, 21,27,29,31 |17,19,21, 27, 26 31 17,31
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Xudt phét tir nhitng yéu cdu dé ra ma chon sy ph6i hop
rinh Zy/Z, t6t nhit.

Trong diy dong co 4A ba pha chon nhu sau:

VGi2p=2  ZJZy=12/8  24/19
Véi2p=4  ZJZ,=12/8,  24/18

Trong diy dong co 4A mét pha thi ldy Zy/Z, = 24/17.

S6 rinh stato thudng ding nhit 1a Zg = 18, 24 va 36.

Vi vay ddi véi dong co dién ba pha loai 2, 4 cuc thuong
san xudt, s6 rinh cia méi pha dudi mbi cuc ¢ bang:

Véi2p=2  ¢=3,4,6
Véi2p=4  ¢=15,2.3

Do day quén c¢é ¢ 1a phéin s& ché tao phic tap, tir tan tap
I6n nén it ding. S6 ranh dudi méi cuc cia pha chinh cla
dong co mot pha ky hiéu la Q. & pha phu 1a Qg Trong
dong co dién dung thudng c¢é @, = (. Vi viy khi s6 rinh
stato Zg = 18, 24, 36 thi:

Véi Zp = 2 QA = QB = (4a5)9 65 9
2p =4 Q,=0:=10(2,25),3,(4,5)

Trong dong co dién mot pha cd phin tlr khoi déng,
thuong pha chinh chi€m 2/3 tdng s6 ranh stato, pha phu
chiem 1/3.

Véi sy phan ph6i ranh nhu vay c6 thé triét tiéu séng bac
ba trong dudng biéu dién sitc tir déng cha pha chinh. Xét
vé viéc lgi dung vat liéu thi dién d6 la hop 1y. Trong vai
trudng hop hin hitu cé thé diung su phan phéi rinh khac
nhur 3/4 va 1/4.

Vi viy, trong dong co dién mét pha ¢é phan 1o khéi
déng, néu Z; = 18, 24, 36 thi ta thudng cé:

V6i2p=2 0,=6,812; Qp=3,4,6
2p=4 0,=3,4,6; (=152, 3.
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2.2. Chon kiéu day quin

1. Yéu cdu co bdn cua ddy qudn

C6 nhiéu yéu ciu d6i véi didy qudn stato. Nhitng yéu
cdu nay lién quan téi dac tinh lam viéc, nhit 1a dac tinh
kh&i dong va cong nghé ché tao day quan. Khi khdi dong,
dé c6 dic tinh momen M = f(n) t6t (khoéng cdé ché lom
xuéng) phai chon chinh xdc sy pho6i hop ranh stato, roto va
ki€u day quan.

Khi thi€t k& day quin ba pha vid mot pha, diéu cidn dac
biét chi y 1a phdi triét tiéu hodc lam yéu di séng diéu hoa
kheng gian bac cao trong dudng cong sitc tir dong. Nhiing
séng bac cao ndy, dic bidt nguy hi€m 1a séng bac ba, 1am
cho dudng dac tinh mémen ¢6 chd [6m rd rét, cé khi lam
cho dong co dién khong thé dat tdi t6c d6 dinh mic ma
phai dimg lai & t6c dé nho hon téc d6 dinh mic. Lic dé,
do dong dién khoi déng 16n va kéo dii nén ¢é kha nang
day quan bi chdy.

Dgi v6i dong co dién khoi dong bing dién trd, do mat
do dong dién trong ddy quin phu tuong déi cao nén séng
bac cao trong duong cong sitc tir dong cang dic biét nguy
hiém. Vi vay cdn phai chon chinh xdc ddy quéin déng co
dien mot pha. Khi chon can xét dén yéu ciu dam bdo ché&
do lam vigc tdt va cd yéu cdu vé k€t cdu va cong nghé.

bong co dién cong sudt nhdo mot pha khi san xudt theo
ddy can chii y don gian hod viéc ché¢ tgo day quan. He s6
ldp day ranh cang nho thi I6ng diy cang dé nhung loi dung
rinh kém. Dé tang cuwdng viéc loi dung rinh cé thé giam
b6t cich dién phu trong rinh nhu ding day quan mét Iép
dé ¢6 thé bé cich dién 16p di.

Giam chiéu dai phin ddu néi cia day quin c6 thé rit
ngin chiéu dai mdy, déng thoi ciing giam duge dién khang
tin phdn diu néi.

31



Cén hiéu rd ring thudng phdi gidam yéu cdu vé két cau
vi cong nghé dé thod min yéu cdu vé van hanh.

2. Phin loai day quén

Ciing giéng nhux & mdy dién thuong, ngudi ta phan day
quin cia déng co dién nhod ra lam hai loai co ban theo su
sip x€p cua day quén trong ranh:

- Day quin mot 16p

- Day qudn hai 16p.

Day quidn mot 1op lai chia lam hai loai tuy theo hinh
dang day quén vi céch sip x€p ddu diy noi. D6 la day
quan mét 1ép déng khuén va diy quin déng tam. Méi loal
chia lam nhiéu ki€u, trong dé & dong co dién nho thudng
dung kiéu déng khuon méat xich (hinh 2-la), day quin
déng khuon phan tdn (hinh 2-2a va 2-2b) va ddy qudn déng
tam hai mat phang (hinh 2-1b, 2-2¢ va 2-2d). B&i day quan
modt 16p cé thé lam thanh budc di hay buéc ngin (nhuw
trong day quin mat xich) nhung nhin toan bo thi day 1a
day quin bude da (hinh 2-2b va 2-2d).

Hintr 2-1. Day quén mt I6p ba pha: Z; =12, m=3;2p=2; g= 2.
a) day qudn kidu mat xich; b) day qudn déng tam hai mat phang.
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Diy qudn hai 16p cua déng co dién khong déng bo cong
sudt nho thuong Ia loai diy quin ddéng khuon budc ngin.

Khi sir dung dong co dién ba pha 1am doéng co dién mot
pha nén dung day quén hai 16p budc ngin dé gidm séng
khong gian bac ba cua tir thong, tam anh hudng dén dac
tinh khai dong cua dong co dién.
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Hinfr 2-2. Day quin mét 16p mét pha véi Z, = 12; 2p= 2: =4 Q=2

a) day quan kiéu mat xlch; b} day quén kidu mat xich ¢o bai day
buac ngan c) day quin déng tam hai mat phang budc di; d) day
quén d8ng tam hai mat phing c6 b day budc ngan,
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Trong dong co maot pha con dung day quén dic biét got
la day quin “sin”. Dé 1a loai day quin tao duoc stc t
déng hinh sin ¢6 d6 chinh xdc cao, trude day thuong ding
trong cac dong co khong déng bo thudc hé théng tu dong
nhung nay diung ca cho nhitng dong co thudng. S6 vong
ddy cla cdc béi ddy dit trong cdc ranh phin bé theo mot
quy luét nhat dirh (hinh 2-10 v 2-11) nén c6 thé dam bao
stic tir dong va mat do tir thong khe hd khong khi cia mdy
dién phan b& gin hinh sin, vi vay goi 1a day quan “sin”. Day
quin niy c6 thé triét tiéu hoic giam mot cich ding ké séng
bac cao (bac 3, 5 va 7). Xét theo bdi day, day qudn “sin”
giéng nhu day quin mot pha kiéu déng tam (hinh 2-10).

Trong dong co mot pha cé dién tré khai dong 16n, dé
dam bao tri s6 dién tr& khai dong, mot phian day quan pha
phu dige quin theo cach day dai (hinh 2-3). Lic d6 s
vong day tic dung khong bao géom sd vong day quéin doi
ma bing:

Wi =Wg - Wy

trong dé Wy, la s0 vong day tic
dung pha khéi dong; Wy la téng s6
vong diy pha khdi dong; Wy, 1a s6
vong day quin doi cua pha dé.

Hinh ddng day quin kiéu day doi
giong nhu day quin mét 16p.

3. So do ddy quén dong co mot pha

Béng co dién mot pha diy quin ¢;B
phu cdt ra sau khi khai dong thuong
la day quin mot 16p va hai l6p. Day
quin chinh thudng chiém 2/3, day Hinh 2-3. B6i day
quin phu thudng chi€m 1/3 téng s&  quan theo I6i day dai.
rénh stato.
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Day quén phu cia dong co dién dung khi lam viéc van
néi vio ludi dién. Hai day quén chinh va phu chi€ém s6
ranh bang nhau & stato.

Ché tao day quin mét 1dp don gidn hon day quin hai
16p, hé s6 1ap ddy rinh cao hon (vi khong cé cdch dién 16p)
nhung tén tai séng khong gian bic cao nhiéu hon trong
dudng cong sitc tir ddng.

Néu trong day quin hai 16p ding budc ngin dén 1/3
bude cuc thi cé thé hoan toan triét tiéu séng stc tir dong
bic ba cha diy qudn chinh v¥ phu. Déi véi day quan 16p
don, do day qudn chinh rai trong 2/3 téng s& ranh nén séng
stic tir déng bac ba ciing tu triét tiéu. Nhu vay bién do séng
sitc tir dong bac ba cia diy qudn phu ¢é thé dén 25% bién
d6 séng co ban. Cic séng bac cao khic (bac 5,7, ...) d6i
véi day quan mot 16p ciing thé hién khd 1d.

Déi vai dong co khong dong bd cong suit nhd mot pha
c6 phin tt khoi dong khi ding diay quén “sin”, diy quin
chinh va phu khéng can phan phéi s6 ranh theo ty 1& 2:1
ma chi cidn dit cac b6i day cia hai pha trong rinh stato
theo mdt quy ludt di chon.
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Hinh 2-4. So d6 phan d&u ndi day quan mgt ldp,
Z=24,2p=4,0,=4, Gy = 2.
a) day quan co béi day budc ngan (£, = 1);

b) day quén brdc ngan (£, = \/5/2)
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Hinh 2-4 1a so d6 day qudn khai trién moét 16p bai day
buéc ngin cla dong co dién mot pha cé dién trd khai dong
AOTIB 11/4 véi Zg = 24, 2p = 4, O, = 4, Oy = 2, trong d6
mot phdn boi day cua pha khdi dong ding day quin doi.
Mic di diy quén ndy ¢é bsi diay budc ngin nhung nhin
toan bo thi day quin la buéc di, tic 12 h¢ s6 budc ngin k, =
1. Vi vay khi goi day quan mét I16p 1a buée da thi nén hiéu
l1a day quén dé rai vao ¢ ranh thudc mét pha coa dai pha
do, dis bude cha boi day 1a da hay ngin.

Nguyén tic tao nén diy quin mot 16p va cdch xdc dinh
anh hudng cla budc ngin cé thé bi€u thi trén hinh sao stc
dién dong. Hinh 2-3, 2-6 thé hién sy phan chia rinh cla
cdc pha véi day quin budc di va bude ngin hinh sao sic
dién dong va d6 thi vecto chi cach xdc dinh hé s& day quin
cua day quin mot Iép véi Z; = 24, 2p = 4.

Hinh 2-5. Hinh sao stc dién dong.
a) day quéin c6 bdi day budc ngan (xem hinh 2-8a);
b) day quéin burdc ngan {xem hinh 2-6b).

Trén hinh 2-5 ¢ thé thdy cdc rinh trong moét dai pha
chi thuéc vé mét pha, do d6 mac du phin dau n6i cla bsi
day da dugc rit ngdn nhung buéc day khong bi rit ngin va
hé s0 &, vén bang 1.
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Khi cidc ranh trong mot dai pha thudc vio cdc pha khic
nhau thi hé¢ s& day quin gidm xudng do bude cua diy quin
bi rit ngan. Trong vi du, hé s6 dé tir by, = 0,838 gidm
xudng con ky; = 0,672.
£ A

&/
£
£ /fj
)
Va £

g

Hinh 2-6. DG thi vecto sic dién dong dé tim hé s& day quan.
a) Day quén c6 bai day bude ngan; b) Day qudn bugc ngan.
Gian dé khai trién cha day quén hai 1&p cia dong co
dién mot pha cé dién trd khai dong 16n véi Z, = 24, 2p = 4
nhu ¢ hinh 2-7.

b
8y 4y Az

Hinft 2-7.Gidn dd khai trién cha day quén hai iop dong co dién
mét pha cé phan tlr khéi dong.
Z,=24:2p=4; Q,= 4, @, = 2, A/A,- pha chinh; B,B,- pha phu.
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So dé ddu day thudng biéu thi theo sy phan b6 cha day
quan trén chu vi stato. Hinh 2-8 biéu thi so d6 dau day cha
day quéin mét 18p c6 bai day rit ngin cia déng co mot pha
kiéu AOJNIB 11/2 (Zs=18,2p =2, Q. =6, Q5 = 3).

Hinh 2-9 1a so d6 ddu day cia diay qudn mot 16p, béi
day buéc ngin clia dong co dién dung AOJIB 11/4 (Zs = 24,
2p =4, Qn = Qg = 3). Pac diém cla day quén trong hinh 2-4
12 trong hai pha c6 4 b6i day “phén tin” (bsi day chia 1am
hai ntra). Day quén nay goi 1a day quan c6 bsi diy phan t8,
s6 té bdi day biing s6 cuc.

Hinh 2-8. Sa 46 ndi day cla day quan mét lop dong co dign mot pha
c6 phan tir khi dong véi Z, = 18, 2p= 2, G, = 6, @y = 3.

Hinh 2-11 v& so d6 khai tri€n day quén “sin” cta dong

co mot pha khéi dong bing dien trd (Zs = 24, 2p = 4), déng
thoi biu thi su phan bd cla cdc day quén trong cdc ranh
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theo don vi tuong d6i 14y s6 vong day nhiéu nhat cia mot
boi day quan chinh lam don vi. Hinh dang cua day quan
“sin” giéng nhu day quin mot 1&p (chi khic s& vong day)
nhung trong ranh s& cé hai canh bén cua hai bai diy thudc
hai pha khidc nhaun (hinh 2-10). Nhu vay ciing gin gidng
nhu day quén hai 16p. Vi vay xét rieng vé két ciu diy quén
“sin” di téng hop duge dic diém co ban ciia day quin mot
16p va hai 1dp thudng.

Hink 2-9. So do néi day cla day quan mét 16p dang co dién dién dung
mot phavei Z; = 24, 2p=4, Q, = 0, = 3

Uu diém ciia cong nghé day quan “sin” Ia toan bo diy
quin cda mot pha cé thé dit trong mot miit phing (16p), cho
nén pha khéi dong c6 thé dat & 16p trén tién cho viec quan lai
khi sta chtta. T4t nhién cdc b&i day c6 vong day khic nhau
lam cho viéc quan day phic tap hon.
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Hinh 2-10. BG tri day quan trong ranh khi bai day cé s8 vong day
khac nhau. 1- bdi day pha chinh; 2- bgi day pha phu.

Hinh 2-11. Day quén “sin” cla dong ce dién mét pha
cO phan tir khdi dong vi Z = 24; 2p= 4.

a) phéan bé day dan trong cac ranh;
b) cach du day: A,A,- pha chinh; B,B,- pha phu.
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2.3. Tinh toan day quan stato

1. Hé sd day qudn
Trong trudng hop chung, hé s6 diay quéin cua mét day
quén rai budc ngan bang:
kv = kovkyy (2-1)
trong do:
k.- hé s6 day quén séng bic v clia diy quin;
k.- hé 56 rai séng béc v;

k,.- hé s6 buée ngan cla séng bac v.

Khi s6 pha m > 2, hé s& day quén d6i xing nhiéu pha
v6i s6 ranh ctia mbi pha dudi méi cue bit ky (s6 nguyén
hay phan s3) bing:

.oV
sin = —

e Ky
kdv Zkayv :—ﬁ—" (2-2)

csin— " —

neo kg

trong d6: m- s pha; v- bdc ctia séng sirc tir dong; c- tir 6
clia mot phan s& khéong thé rit gon nita khi ¢ 12 phan s6;
. kl y- N . ar ~
—=——-¢g V0l ¢ va d la s0 nguyén; ¢=
d o ky 2pni
mot pha dudi mbi cuc; k- hé s6 lién quan dén s& 1ép day
quin, ¢ day quin hai 1ép thi &, = 2, day quan mot 16p &, = 1;
kqe- hé s6 lién quan dé€n ddi pha cia day quin; véi day quin
ba pha v&i 56 dai pha 2m = 6 (dai pha 7im = 60°) thi &k, = 2;
véi day qudn hat 16p c6 sé dai pha 2m = 4 (dai pha #/m =
90°) thi kg = 2.

Trong trudng hop dac biét, cong thic chung ciua hé s6 day
quin cta day quin ¢6 2m dai pha c6 thé don gian hod nhu sau:

V6i day quéin bude ngan ba pha:

[a sO rinh cua
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by, —— 2 i (ﬁ Ev) (2-3)
. v 2
¢ sin -——
6

trong dé ¢ duge xdc dinh theo cdc diéu kién sau:

» day qudn hai Idp: ¢ = —(}
¢

L
d’

¢fd 14 phén s6 181 gidn (¢ va d 14 88 nguyén), khi ¢ 12 s0
nguyén thi ¢ = ¢;

e day quén mot 16p: %=

2 .
ﬁ:ﬂ la bude day quin.
Zs

0,5
14
CSinj —
[6(>J

Bing 2-3. Hé sd qudn rdi cita ddy qudn ba pha

e 1 2 3 4 5 5 7
k| 1,00 | 0965 | 096 | 0,058 | 0,057 | 0.956 | 0955

Hé s6 quin rai cua séng co ban &, = c6 thé

tra & bang 2-3.

Véi day quin mét 16p bude du ba pha:

0,5
By =2 ]
o (2-4)
g sin —
6y
Véi day quin budce ngan hai pha:

by, = 2207 sin[ﬂ %vj " (2-5)

. v
¢ Sin —
4¢
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trong dé ¢ duge xdc dinh theo cdc yéu cidu di néu & cong
thae (2-3).
Vi diy quin mot 1ép bude du hai pha:

k= 0707 26

v
. v
g sy —-
[44}

b6i véi dong co dién mot pha cé phin tir khoi dong, hé
s6 day quan cia mdi pha phai dwge tinh riéng theo cong
thic sau:

Véi day quin hai Iép budc ngan mot pha:

k.pv.(Q
z

km,z—ﬁs-ﬂn{[?jrv] (2-7)
Qﬂn[mpy} 2

Zg

sin

trong d6 Q 1a s béi day cia day quan dudi méi cuc.
Cong thite (2-7) thich hop véi Zg/2p va Q 1a s0 nguyén.
V&i day quan mét 16p mdt pha bude ngin (day quén déng
khudn):
z.pv.Q

sin -Z
kdv=————iim~sm{ﬁfv] (2-8)
Osin T.pV 2

5
trong dé Q 1a s6 bdi day cua day quan dudi mbi cuc.
Cong thiic (2-8) thich hop véi Zy/2p va Q 1a s8 nguyén.

Véi day quan mét 16p mot pha bude di:
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. T.pV.
sin —l—g

0 sin ———
$
trong dé Q 12 6 rinh cha mdi pha dudt mdi cuc.
Cong thite (2-9) thich hop vo1 Zg/2p va Q 1a s6 nguyén.

2. S6 vong ddy mai pha

S6 vong day mbi pha cia dong co ba pha va s6 vong day
pha chinh dong co mot pha (bao gém ca dong co Jicu
dung) ¢6 thé xic dinh theo cong ihitc vé stic dién dong cum
ttng trong day quén stato:

3 = l”‘(E(’!dl‘ﬂ (2_10)
dkg f DLy
E Uim — L amZs !
trong dé kp == = | d m=Ss | (2-11)

Udm U

dm

E,,- sttc dién dong pha dinh mic; U,, - dién dp pha dinh
miic; /,,- dong dién pha dinh miic; k- hé s song;, @ - tir
thong khe hd khong khi; &y - hé s6 day quén co ban; Zg - tro
khdng day quéin stato.

Do dién dp giang trong mdy di¢n nho tuong doi 16n nén
hé s8 k; nho hon so vdi dong co khong déng b thuong.
Ngoii ra dién tré tic dung cla dong co cong sudt nhod ry
khong bo qua dugc va c6 thé so sanh duge véi dién khing
xg cita day quén stato nén [Zg # Ixg. Cong sudt may dién
cang nhoé thi anh hudng cla rg cang 16n. Trong nhiing mdy
cong suft rit nhoé thi rg > xg.

Khi tinh todn s8 vong day Wy, hé s6 ke lic ddu chon
trong khoang 0,7 ... 0,9; tri s6 nh6 dung cho nhitng mdy
cong sudt tuong doi nho.
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Sau khi tinh duge dién tré day quin stato rg va dién
khing xs cling nhu dac tinh lam viéc dinh miic cia dong co
dién, cin nghiém lai tri 88 cia kg gid thiét ban ddu. Hinh 2-12
la dé thi vecto kg trong dé dién 4p, dong dién va géc @ déu
ldy & trang thai dinh mdc. Lic ddu ¢6 thé tham khao theo
hinh 2-13, 2-14, 2-15.

Né&u theo dé thi vecto tinh ra k¢ khdc nhiéu so véi trj s6
gia thiét ban dau thi phai cin ¢t vio tri s6 kg vira tinh dugce
dé tinh lai s6 vdng day clia day quén.

Khi diéu kién lim viéc
thay déi (tir khong tdi dén Lo x
ngin mach), hé s8 k. cla Pox >
mdy dién nhé thay déi it LS gt
nhung cling lam anh hudng
dén dién khdng hé cam «x,
trong ung voi tir thong khe .
he khong khi. Anh huéng
nay dic biét r6 khi cong £fm )
sudt dong co tuong doi nho.
Cé khi phai can cit vao tri s&
mdi cia kg O trang thai ngan
mach dé tinh lai tham s6 x,,.

Heé s6 séng kg duge chon
theo d6 bio hoa rang cua

déng co dién. Hinh 2-72. B4 thj vecto dé

N . xéac dinh 4,
T théng trong khe ho

khéng khi:

@ = ast.l.B;. 107, Vebe (2-12)
trong d6 ;12 hé 56 cung cuc tir tinh todn. Hé s& nay va hé
s6 song ks phu thudc vao d6 bio hoa rang stato vi roto. Su
bdo hoa viing rang s& din dén sy bang ddu cia dudng cong
tir truomg O khe hd khong khi (hinh 2-16), trong d6 dudng
bang ddu 2 cit dudng cong séng co ban / & diém c6 gée w
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trong khodng 33 ... 36° so vdi truc cla séng (14y trung binh

w = 35°). Vi vay tir cam v6i tri s& khong bien do B, =

B,..cosy = 0,82B,,,. Tit B, xdc dinh cudng d6 tix trudng H,

theo dudng cong tir hod séng co ban va sau diy ting két

- H,
0 82

trudng song co ban. Véi khe hé khong khi quan hé H = f(B)

qua tinh todn lén H_,, =

. B .
la tuyén tinh nén H_, =" nhung véi mach tir thi
o]
khong duge, vi vay phéi ding dudng cong tir hod da hiéu
chinh dé tinh todn cubng do tir trudng trén ring va géng.
Vilydoddldy a;=2/mr=064 viks=1,111atri s6 & song

co ban.

1 emw I
2P =i g/‘ A A A AT PR A
S T AL NI ELSS CHETESTITERL A LEGSA S IE S
20 =4 % A
P aandt

Y0 50 {00 15¢  29¢ 258 MG 350 407 450 (w)

Hinh 2-13. Quan hé cos g = f {£,,} cla dong ca cong suat nhd ba pha.

cosy
Z L, //// ’////, s
] P XTrTT Zi2p =2
7//' %/ 7 f/////////7 I Er I,
&t
5
& a 30 490 /3¢ 780 zsg 80 J57 408  ASq LA

Hinh 2-14. Quan hé cosp = f (P, ) clia dong ca dién cong suit nhd
mgt pha cb phan t{r khai dong.
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Lose ;
75 A e e
J% =24

Pt
450 50 {00 50 zod 250 300 350 400 450 (w)

Hinh 2-15. Quan hé cosg = f (P,,) clia ddhy co dién dung.
3. §6'thanh ddn trong rinh va tiét dién day ddn

D6i v61 dong co ba pha (m = 3) vi hai pha (m = 2) ¢6 56
rinh ctia m6i pha nhu nhau thi s6 thanh din trong méi ranh
bing:

Zm.Wg.a We.a
H,. = -

(2-13)

Zs Pq

0 v Iy 180°

Hinh 2-16. Buong cong tir hod trong khe hd khéng khi
may dién khéng dong ba.

iji v6l dong co dién mot pha c6 day qudn chinh chiém
2/3 tong s6 ranh thi:
_3Wsa Wea

Zs  pQ

(2-14)

T
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Tiét dién day quédn stato (d6i v6i dong co dién mot pha
12 day quan pha chinh) bang:
Iy
Sg=—"
ST ad
trong do /,,, - dong dién pha dinh mic; J - mét dé dong dién;
« - 6 mach nhanh song song.
Dong dién pha dinh mic dong co dién mét pha va ba
pha c6 thé tinh truée theo cong sudlt tinh toan Fy:
P
o =
an m'Udm

(2-15)

boi vl dong co dién dung ciing tinh dong dién trong
pha chinh nhu vay. Lic dé, trude hét coi dong co dién nay
12 dong co dién hai pha d6i xdng, dong dién pha bing:
Iy, = Fs
dm =T,
V2 Uy,

Mat do dong dién cé thé chon trong pham vi J = 6 ... 8,5

(2-16)

A/mm?*; giéi han cao dung cho dong co dién céng suat
teong d6i nho.

Khi diing dién mét pha cung cdp cho dong co dién, do
trong dong co dién pha chinh va phu phan bé khong gidug
nhe ¢ dong co doéi xing, dong dién tinh toin thudng cé
khdc so v6i dong dién thuc t€, cho nén lic ddu nén chon
mit d6 dong dién & gidi han duéi. Mat do dong dién thuc
t& s& duge hiéu chinh khi tinh todn dac tinh 1am viéc.

Day quan dong co dién khong dong bo cong sudt nhd cd
thé ding cdc loai day di¢n theo ky hiéu Nga nhu sau: Day
men ¢6 do bén cao IDB-2 ding cho cich dién cdp A va day
men chiu nhi¢t I3TB dung cho cdp B, day I3TBM hay
O3TM dung cho cdp B va F.
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Can cd vao tiét dién &, chon duong kinh ¢d day tiéu
chudn S (xem phu luc 2). Tiét dién day doéng trong ranh
stato: )

Sps=8s. U, (2-19)

2.4, Tinh toin day quan “sin”

Muc nay s& thao lugn chi y€u vé céch tinh day quan
“sin” ctia dong co dién mot pha thudng.

Tac dung cla day qudn sin 1a bd tri day din trong rinh
mét cich hop 1y d€ cé duge dudng cong stc tir dong F, = f(x)
gin hinh sin trong khong gian. Day quén “sin” c6 thé hoan
toan triét iéu séng bac ba. So vdi day quin hai 16p cé thé
triét tiéu séng bic cao t&t hon (bac 35, 7...). D& dat duoc yéu
cdu d4, phan bé thanh din trong rdnh u,; = @) (u, - s6
thanh dan trong ranh i} phai theo dang dudng cong nhu &
hinh 2-17. Phan b6 day din trong riinh c6 thé cé dang hinh
chir nhat khong hoan chinh, hinh tam gidc, hinh thang... Tit
hinh 2-17 (hinh niy cé thé ding lam thi du nghién ciu phan
b6 theo hinh thang cha diy din trong rinh) c6 thé thdy dudng
cong stc tir dong phan b theo hinh thang.

Tinh todn hé s6 diy quén cia diy quan “sin™ vi chon
phan b6 cé lgi nhdt cha diy din trong ranh cé diém dic
biét hon loai day quin thudng.

1. Hé 56 ddy quén

Khi phén b8 trong rinh cba cic thanh din day quin
“sin” n,; = @(x) di dugc xac dinh (hinh 2-17) thi hé sé day
quin song bac v cua diy quén d6 1a ty s6 gilia bién dé séng
bac v clla sic tir dong F,,, vl bién d¢ séng cling béc cua
day quén tap trung F_..:

kdv ~_-—m"":“‘ (2'20)
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goi la day quén t&p trung hay boéi day don u,, = @(x) khi
trong hai buéc cuc 27 chi diat mot boi day, béi day nay
nam trong hai rinh cdch nhan ding mot budc cuc 7.

| L 1

walilvsy | 51
i
Nt |t

o k
| Xp R X . I % n.x
. ;I-%Wé m

a) 8)

Hinh 2-17. Phéan b8 day dan cia day quén hinh “sin® 4,(x) va duding
cong sic tir dong f(x) véi g = zp/7 (a) va £= 0 (b).

Bién do séng bac v clia dudng cong sifc tir dong hinh thang
bing:

4;;;2
Frny == [f(x)sinid (2-21)
T o
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Do dudmg cong stc tir dong day qudn “sin” la doi xiéng
nén tich phan trén chi 1ay tir 0 dén /2.

D1 vai dudng cong stic tir dong d6i xidng, bién d§ sdng
bac v bing:

Fo. =i[f(x0)+ ZAf(xi)cos V_.L'i] (2-22)
%4

trong d6 x, 1a tri s6 ban ddu tuong ing véi dudng cong di
qua diém 0 trong dudng cong siic tir dong & hinh 2-17 va
hoanh do x; bién thién trong khoang 0 dén 7/2.

O0<ux, <72

Luong tang trén truc tung & bt ky mét diém nao trén
dudng cong sdc tir dong bing:

Af(x) = 1(x) — f(x;,) (2-23)

Lugng tang d6 dng véi tri s6 x & hodnh d6 cd thé xdc
dinh trén dudng cong siic tir dong va tuong tng vl s6
thanh dan dit trong rinh u,,.

Khi day quan tap trung, hinh khong gian cta sic tir
déng la hinh chit nhat ¢é chiéu cao 1a f,(x), nhu vay bién
dé song bac v bang:

4 2
Froey =— [fo(x)sinvadx =
79

mcy

L) (2-24)
v

Vi vay hé s6 day quédn cia day quén “sin” bing:
T flag )+ ZAf(xi Jeos v,
. fo(x)

trong duv M(x) = 0 va1(xg) = 0 khi f= ap/Z;

k

(2-25)

i, :
fxg) = khi f=0
" soc gilfa truc dudng cong stc tir dong véi vi tri
d:  ¢ncuaranh (i = 1).
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u,, 1a s6 thanh din nhiéu nhdt trong mot rinh clia day
quén “sin”. )
T omi2
f.(0) = Y Af(x;) (2-26)
0

Thuc t€ f, cé thé coi nhu 1a sic tir dong cua téng s6 day
din clia mot pha dudi mot cuc nén cong thic (2-25) ¢6 thé
viét thanh:

kg, = f(x0) +y T cos X (2-27)

2. Chon cdch phdn bé thanh ddn trong ranh

Muén cho dudng cong stc tir dong c¢6 dang hinh sin thi
phan b3 thanh dan trong cdc ranh u,; phai theo quy luat
sau: :

Uy = Uy - COSX; (2-28)
trong dé goc dién: x, =G+ (G-1) (7/%) (2-29)
& day 7 1a s& thit ty cla ranh dudi mbi cuc; ul, la s6 thanh
diin trong rinh vé 1y thuyét 13 16n nhét (bién do cuc dai cia
dudng cong hinh sin cia tri s6 thanh din trong ranh);

7, 14 56 rdnh dudi mbi cuc (hay buéc cuc tinh bing sé
ranh);

[ 1a gbc giita truc dudng cong stc tir dong véi vi tri ddu
tién cla ranh,

Theo so dé trién khai day qudn & hinh 2-17 ta thay
p = np/Zs (hinh 2-17a) hay #= 0 (hinh 2-17b). Nhu vay s&
thanh dan 16n nhét thuc t€ sé bang:

Uy = Uy . cosfF  khi B= ap/Z
U = UL khi = 0.

Khi chon phin b6 cia diy din trong ranh, d8i véi day
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v

qudn “sin”, néu triét tiéu duge tat ca song bac cao trong
dudng cong sic t¥ dong thi t6t nhdt nhung trén thuc t€
khong thé lam nhu thé duge. Vi vay phuong dn phan bg
day din t8t nhét cdn chon 12 hoin todn triét tiéu séng bic 3
{séng bic cao quan trong nhit trong dong co dién mot pha)
va lam y€u séng bic 5 va 7. Pudng cong phan b6 day din
u; = @(x) ¢6 dang hinh thang véi day trén bing 1/3 budc
cuc ¢6 thé thod man diéu kién d6. Muén vay, s6 ranh stato
dusi mbi cuc phai chia chin cho 3, nghia 1a Zy/6p phai 1a
$6 nguyén.
Nhu vdy s6 rdnh stato phai chon la:
Zs =12, 18, 24, 30, 36, 42, 48 khi2p =2
Z,=12, 24,36, 48 khi 2p = 4.
Cdc rinh ndm trong pham vi ddy trén cta dutng phan
b6 day dan theo hinh thang s& ¢ s6 thanh din nhiéu nhét
U, V6i heé s6 14p day ranh cho phép.

Trong hinh thang sitc tir dong pha1 14y cdc diém sau lam
gbc (xy = 0):

, Z ] .
1) Néu 7, = 2—5 l1a s0 nguyén 1é [f(x,) > 0] (hinh 2-17a)
P
thi 14y diém giita ctia riinh cé s6 thanh din nhiéu nhét.
. Z . .
2) Néu 7, = 2—5 1a s& nguyén chin [f(x,) = 0} thi tay
P

diém giita & giifa hai rinh ¢é s6 thanh din nhiéu nhdt (hinh
2-17b).
Dé triét tiéu séng bac 3 thi h¢ sé day quin séng bac 3
phdi bang O:
) + ZAf(x Jcos3y;
fo(x)

Muén thod méan bicu thic (2-30) thi 1 s6 phai bing 0,

kgy = (2-30)
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nghia la téng céc tri s6 duong bing tong cdc tri s6 am, c¢dn
f(x;) bang 0 hodc la mot s& duong.

Néu 3x; < % titc 1a x; < % thi cos3x; 1a s§ duong.

Néu 3x, > -g— titc 1a x; > 365 thi cos3x, 1a s6 am.

Do d6 dé triét tiéu séng bac 3 thi quy luat phan b6 cédc
thanh din hop 1y nhét khi t6ng stc tir déng do cdc ranh cé
hoanh d6 x; < % sinh ra phai bing téng sic tir déng do cic

ranh c6 hoanh do¢ trong khoang % <x; < %

Bang 2-3 ghi tri s6 g6c cla cic ranh trén truc hoanh x;
khi 7;/3 14 s nguyén, diy din trong cdc rdnh phan bd theo
hinh thang.

Bdng 2-4. Tri 56 ctia x; trén truc hoanh

Khi /3 1a 56 18 Khi 7/3 1a s& chan
X =0 X =0
2
11:—p7r x1=—e—ﬂ'
Zy g
4p ip
X2 = Xz—_
£ Zy
6 5
X3 :""*'?'ﬁ X3=_p
2y Zy
8 7
X4 :_pﬂ' 14:.__;_’_72-
Zg Zg
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3. Trinh tu tinh todn

Céch tinh todn day quén “sin” nhu sau:

1) Chon s& ranh stato theo diéu kién Zy/2p bing boi s6
cla 3 d€ phan b8 mdt cdch hgp 1y nhét cdc thanh din vao
cdc¢ ranh.

2) Truée hét dung don vi tuwong ddi bé tri cdc thanh dan
trong rianh clia day quén chinh va phu, dng th&i xét dén s&
thanh din t6i da u,,, c6 thé dat trong cdc ranh chiém 1/3
buéc cuc va gift cho canh xién cua hinh thang dugc thing.
Chudn dang d€ tinh don vi twong d61 thuong 12 s§ thanh
din nhiéu nhét trong rinh chiém 1/3 budc cue (18y u,, = 1)
hodc téng s& vong day cla mot pha duéi mot cuc Wy/2p.

3) Vdéi quy ludt phan b6 diy din da xdc dinh, v& hinh
thang sikc tir dong F(x).

4) Vé&i phan b6 day quén nhu trén, kiém tra hé s& day
quin cia cdc séng bac 1, 3, 5, 7. Sau d6 theo diéu kién k,;
= 0 (cong thitc 2-30) va kys, kg7 nho nhat d€ hiéu chinh lai
& thanh din phan bd trong ranh thich hop nhit. Lic d6 su
dung bang 2-4 va cic cong thitc (2-18), (2-19).

5) Can c& vao quy luat phin b6 thanh din trong ridnh
(theo don vi twong 46i) so bo tinh todn s6 vong day cua
mot bdi va s6 boi diy ctia day quén chinh va phu. Cin chi

¥y ring hé s& day quin cla hai pha trong day quin “sin
giong nhau, tic kg, = kyp-

6) Can cit vao nhitng diéu kién sau dé xdc dinh kich
thudc rdnh:

a) Dua vio mat d¢ dong dién chon ti€t dién day dén.
Liic dé day quédn chinh duge xét theo ché d6 dinh mic con
day quin phu theo diéu kién khéi dong.
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b) Hé s8 lap ddy ranh &, < 0,75.

c) Viéc 14p ddy cdc rinh bang day din cla hai pha la
déu nhau va déi ximg.

7) Thiét k&€ dang, kich thudc rdnh stato va hiéu chinh
k&t qua tinh todn cua hai day quin.

8) Tinh chinh x4c hé s6 diy qudn cua song co ban va
cdc séng béc cao.

C6 thé xem thi du tinh todn day quin “sin” theo trinh tu
trén & muc 13.4.

2.5. Ridnh va gong stato

1. Chon dang rdnh stato

Stato mdy dién nhd cé thé diing céc dang rinh nhu &
hinh 2-18: hinh qua 1é, nira qud ¢, hinh thang. V&t cdc
dang rinh nay chiéu rong ring sé d.éu subt cd chiéu cao
ranh.

Ranh hinh qua 1& (hinh 2-18a) c¢é khu6n dap don gidn
nhat, tir tr& & ddy ranh so véi hai dang ranh kia nhd, vi vay
giam dugc sitc tir dong cin thiét trén rang.

Dang ranh hinh nlra qua 1¢ (hinh 2-18b) cé dién tich Idn
hon dang ranh hinh qua lé.

Dién tich rinh dang hinh thang (hinh 2-18c) ldn nhét
nhung tinh céng nghé kém hon dang rinh hinh nita qua lé.

Néu khong dit van dé giam gid thanh khuon dap, c6 thé
ciin ¢t vao dién tich rinh va tri s6 stc tir ddng dé tinh todn,
so sanh gilra ba dang rinh sau d6 chon phuong dn t6t nhAat.

2. Kich thudc ranh va gong stato

Chiéu rong ranh stato b,; dugc xdc dinh theo két cau,
tirc 14 xét d€n: d6 bén cha rang, gid thanh cua khuon dap,
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d® bén cua khuoén va déng thoi dim bao mait do tir thong
qua rang B, ndm trong pham vi cho phép, thudng B,s < 2
Tesla.

Chiéu cao géng stato:

A
hys =02 b, —> (2-31)
P
Chiéu cao niy bi han ché bdi mat do tir théng cho phép
trén gong. Chon kich thuéc miéng rinh nhv sau: chiéu cao
miéng ranh Ay = 0,5 ... 0,8 mm, chiéu rong miéng ranh by,
=dq+ (1,1 ... 1,5) mm, trong d6 d 4 1a dudng kinh day dan
ké cd cich dién cilia day quén stato.
Kich thuée rinhk hinh qua 1é (hinh 2-18a) tinh nhu sau:

] H(D+2h45)*bstS
f] =

2-32
Lo+ ( )

z(D, —Zhgs) — by Zg

Lo+

(2-33)

(]2 =

trong d6 D,, D 1a dudng kinh ngoai v dudng kinh trong
cua stato.
Chiéu cao ranh:

Dy =D =2y

Ing = 5 (2-34)
Chiéu cao phin thang ctia rinh:
M= hy—0,5(ds + d| + 2h,5) (2-35)
Dién tich rinh:
Vs . 1
Ses = g(dﬁ + (fg)fghlz(di +dy) (2-36)

Kich thuée ranh hinh nira qua 1é (hinh 2-18b) tinh nhu sau:
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38

(D +2hyg) — bys Zs

)
ZS_'ﬂ'
2D, -2h.g)
hy :M_bzs
5
D, —-D-2h
Chiéu cao rinh: fig Lo TS

2
Chiéu cao phdn thing cta rinh:
hyy=hg—0,5(d, + 2h,5)
Dién tich ranh:

ﬁdlz i
= ——+—hy,(d +d
3 2 12(d, 2)

s

(2-37)
(2-38)

(2-39)
(2-40)

(2-41)

Kich thudc rianh hinh thang (hinh 2-18c¢) tinh nhu sau:

o D+ Qs +hs)

= b

| Zs
Zg
; 1 \
Thudng hs + hys = gbg vi:

Dy —2hyg)
2 Z zs
- Dl]VD_ZhQS
Chiéu cao ranh:  hg=———""—"-

2
Chiéu cao phin thang ctia ranh:
Bir = heg — (B + hyg)

Dién tich rénh:

1
S, = E[hlz(bl +hy )+ hy(by + ”43)]

(2-42)

(2-43)

(2-44)

(2-45)

(2-46)



il e

Hinh 2-18. Ranh stato.
a) ranh hinh qua Ié; b) ranh hinh nira qué 18; ¢) ranh hinh thang.

3. Cach dién rdanh

K&t cdu cdach dién rinh nhu & hinh 2-19.

Dung gidy cdch dién cé tring mang mong téng hop day
0.2 ... 0,25 mm lam cdch dién ranh.

Dung g6 cimng, bakélit, tre lam ném day khodng 1,5 dén
2 mm.

.

T

HH
zammzk

Hinh 2-15. Cach dién ranh
1. t&m 16t ranh; 2. tam 16t gitra hai 16p (kni day quén c6 hai lap)
3. ném.

Miy dién c6 cong sult vai  odt  tr& xubng thudng
khong diing ném ma diing mét 16p cich dién day dp lén.
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Cach dién ranh cta diy dong co dién cong sudt nhod 4A
12 mot 16p bia trdng mang téng hop day 0,2 mm.
Heé s6 1dp ddy ranh:
2
PR ISP Y (2-47)
er _Scd
trong d6 d,, 14 duding kinh day din ké ca cach dién; u, 14 s6
thanh dan trong mot rdnh; §,, 14 dién tich rdnh; §.; 12 tiét
dién cach dign rinh bao gdm cd ném.
O cic nha may ché tao, c¢é khi ding cong thirc sau dé
tinh hé s6 lap day ranh:

2
= Peatte (2-48)
48,4
& day kjy ndm trong gidi han sau:
Ecuc 2p 2 4 6
He s6 &} 0,41 0,39 0,37

O mdy dién c¢é vong ngin mach trén stato 1am thanh
dang cuc tir, ¢6 thé coi nhu stato cé s6 rinh bing sd cuc tir
ma chiéu rong cla ranh gita cdc ranh chinh bing chiéu
rong cyc .

Mat dé tir théng trén cuc it thudng chon nhu sau:

Bes<0,8 ... 1,0T.
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Chuong 3. RANH, GONG VA LONG SOC ROTO

3.1. Chon tham sd day quan roto

S6 ranh roto duge chon theo sw phéi hop ranh Zy/Z; da
néu (muc 2.1). 86 ranh réto it (Zg < Zs) ¢6 loi cho viéc dic
nhém bing dp luc vao réto, déng thoi cé thé dam bao
thanh din cha 16ng séc réto ¢6 tiét dign du 16n.

Kich thudc roto (gong, ranh, thanh déin 16ng séc va vanh
ngdn mach) mot mat phy thudc vao mat do tir thong cho
phép clia rang va gong roto trong diéu kién it ti€ng On, mat
khdc phu thuodc vao yéu cdu vé ning luc qua tai cia may
M]Tlﬂx

dién: My = "
dm

Moémen cuc dai cla dong co dién mot pha ¢6 lién quan
téi dién tr& tic dung cla roto, vi khi dién trd roto 16n thi
mémen hdm cua
tu truong nghich

cang tang, do d6 *|# / ~

lam giam tri s6 / "““~'--'.’.~~___~

cuc da} cla / =~ =M,

momen tong hop. A vl Y ] ;’- 5
D}'eu ) nay k}'1¢:1c 2, 1< 17 =3
vél dong co dién ; M .

ba pha. Hinh 3-1  f—1i ~N-1 1/

cho quan hé giira . Mz f
mémen cua dong  _im j/

cg dién mot pha
cé dién trd cua .

N i 18 Hinh 3-1. Quan hé M = f(s) cla dong cd
ro’t.o rat lon 50 dign mot pha khi dién trd tac dung cla
vai hé so trugt. mach dién rdic 1on.

61



Khi dién tr¢ tic dung cua ’

roto ry thay déi, quan he M A Re o
gifta momen téng hgp trén Ly Z

truc dong co M = M, + M, R

véi hé s& truot nhu & hinh NZRz

3-2. Tir hinh 3-2 ta thdy, khi '\
dién trd roto tang l1én thi [ / ¢\ \
nang luc qué tai gidm xudéng \
vi hé s6 trugt ing véi M, U R
ciing ting Ién (sau nay s& ky

hiéu hé sé trugt d6 bang s,,). Jéﬁk
Pong co dién dién dung (tir
trudng elip) ¢6 quan hé vé
moémen va hé s6 truot nhu ¢ g 0z 0F 0608 4
hinh 3-3. Tir dudng cong

)

N

thay ring tir trudng nghich Hinh 3-2. Quan hé M= f (s)
anh hudng khong lén dén clia dong co dién mdt pha
mémen téng hgp nén anh khi trong mach réto ¢6

hudng cia dién dién tré khac nhau.
trd roto dén M,

cing it. B6i v6 + [y
déng co  dién
khoéng déng bo
ba pha léng séc
cong suvit tr 10 / ) ~
dén 60 W, tién
chuin Nga quy @
dinh  bdi  s6 Z T M
mémen cuc dai M
My, = 1,5 ... 2,2
(trt s nho ing
véi dong co dién
cong sut nho).

NN
x

\

[
o

Pl
\

e
N

Hinh 3-3. Quan hé M= £s) cha déng co dién
dién dung khi dién trd trong mach dién roto rat 1on.

bong co cong suit nhé mot pha do Lién X6 (trude day)
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s&n xudt cé m_, hoi nhé hon dong ¢o ba pha.

( dong co ba pha ti trudng quay tron, quan hé gilta

M oass S VA 8, nhir saws
5 §
A
s 5
mmax = = i (3i1)
2+ .8,

trong 46 p = 2ryry.

Khi di xdc dinh duoc sy, va m,,, , ¢6 thé theo cong thie
{3-1) tinh ra s,,.

Véi may dién nho, tri s6 cla y trong khoang 1 dén 3. Néu
trong cdng thic (3-1) 14y y= 2 thi sai 5§ cling khang lén.

Hinh 3-4 thé hién quan hé s, = {(s54,) v&i y= 2 va a,,, khic
rhau. & dong co dién mot pha roto léng séc s, = 0.2 .. 0.3,
Khi hé s6 trugt thay ddi trong khodng s,, dén s thi 4nh
hudng cia tir tudng nghich dén tri s6 clia momen c6 thé
bd qua, déng théi khi tinh todn réto cé thé st dung céng
thic (3-1) hay dudng cong & hinh 3-4 dng véi dong co dién
t trydng tron.

Khi tinh d€n dac tinh lam viéc cta dong co dién mot
pha, tri 38 cla m,,,, 5, VA Sg, phal duge hiéu chinh néu xét
dén anh hudng cda tir trudng nghich.

Céa chid ¥ ring d6i vai dong co dién modt pha cd bod
phan ngat day quin phu khi may 1am viéc, ning luc qud tai
clia may duge xdc dinh theo M, & trang thdi mot pha (chi
ndi voi day quin stato dé dAdm bao hé 56 truct 5, cin thict).
D61 v6i dong co dién cong sudt nhd o6 thé dung cong thic

don gian sau:
S =1- ]1-105 R (g (3-2)
A
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1 b
trong d6 a = > arclg .
xn

x, 1a dién khdng ngin mach.

Quan hé rl=1°(sm) nhu & hinh 3-5.

Xn

RERENLY

\é
\

~J7
<

—~~
N=

'\\
[~
™~z

%\
NS
\\\\

g

g .

J gol g0z §03 §oF 405 G oF ZI7 Z08

Hinh 3-4. Quan hé gilta 5., va &, v@i cac boi s6 momen cyc dai
m,.. khac nhau.

- D€ dat duge nang luc qua tai cdn thiét, cdn tinh todn
tham s& roto theo trinh tu sau:

64



«) Hé s6 trugt dinh mifc cua dong co cong sudt nho
thudng chon trong khoang 0,03 dén 0,07,

2T (A

.20 /J

a.15

L]

8,40 ' =

o
/i
O G BT OF 88 1 1.7 74 46

.
Hinh 3-5 Quan hg 2-=1(s,).
XFI

Trong day déng co cong suit nho, hé s6 truet cia dong
¢o mot pha cé day quén khdi dong s, = 0,033 ... 0,05. Céan
cit vao hé so trugt dinh mite va bdi s6 momen cue dai m,,
da cho, cin cit vao dudng cong & hinh 3-4 d€ xdc dinh s,,.

X

h) So bo 1dy x, = 2xg. Can ¢t vao cong thire (3-2) hodc
dutmg cong rgfx, = f(s,) & hinh 3-5 tim ra dién trd tac
dung cla diy quin réto.

¢} Can ¢& vao dign tr&d roto va sé ranh roto di chon, tinh
ra dién tré cin thiét cia mot phdn tir 16ng séc roto:

v _ ’-RZer:l?R

2 W AmWkas
Zr

trong do s, - dién trd thanh din 16ng séc;

r, - dién trd ctia phin vong ngidn mach gitta hai

thanh dfn;

rg - dién trd clia 16ng s6¢ da quy doi.

(3-3)

Fot =T+

2.sin
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D61 vGi dong co mot pha ¢6 phidn tir khai dong, trong
cong thitc (3-3) phai thay chif s6 4 bing 8.

d) Chon thanh din va vanh ngidn mach cua 16ng séc roto
phdi 1am sao cho dién tr& tic dung thoa man tri s6 cla r,
ma tiét dién lai phu hop véi mét d6 dong dién cho phép,
mat do tir thong trén ring réto ciing nim trong pham vi cho
phép. Khi so bo thigt k€ cé thé 1dy téng dién tich cdc thanh
din roto (bing déng) bing khoang 80% tong dién tich
thanh dén stato (vdi roto 16ng séc dic nhom thi bang 160%).

Mat do dong dién cho phép cia thanh dén nhom trong
roto dic nhém nhu sau: véi dong co dién ba pha va déng
co dién dién dung J, = 3 ... 5 A/mm’; v6i déng co dién mot
pha c6 phén tir khéi dong J, = 2 ... 3 A/mm’. Mat do dong
dién trong thanh din bing déng 1én hon, twong tng cé thé
chon bang 6 d&n 8 A/mm® va 3,5 dén 5 A/mm’.

Mait d¢ dong dién trong vanh ngdn mach 1a J, = (0,6 ...
0,8) J.. Ti€t dién vanh ngan mach S, vao khoang 2,5 dén
3,5 l4n tiét dién thanh dén §..

¢) Can cit vao kich thuée roto di chon, tinh dén khang
roto di quy déi (xem muc 4.2) déng thoi nghiém lai dién
khing ngin mach x, = x5 + xz. Néu két qua khang phi hop
v@i gia thi€t ban ddu 1 x, = 2xg thi c¢in cit vao dudng cong
¢ hinh 3+4 xédc dinh lai tri s6 rg. Tiét dién thanh din va
vanh ngin mach ciia roto lic y s€ phai sita lai cho dén khi
dat dugc k€t qua phu hgp. '

3.2. Chon dang va tinh toan réto

"Réanh roto cé dang hinh tron, qua 1&. Thudng 14 ranh
miéng kin dé ddm bido do bén cua khuén ddp va tién cho
viéc dic nhém (hinh 3-6).
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Theo quan diém vé ché tao khudn dap thi ranh tron don
gian nhit nhung ti€t dién thanh dén roto ¢ thé khéng di,
khi d6 phai déi thanh rinh qua 1é. Ranh qua 1& ¢6 thé thiét
k& dé chiéu rong ring duge déu theo chiéu cao cia rinh.
Pé cho nhom c6 thé 1ap ddy ddy rdnh khi ddec, dusng kinh
ddy d,g (hinh 3-6¢ va d) khoéng duge nho hon 2,5 mm.

y.)
Aux # fae ek
% s K
g < Ty
g‘q
a) ) c)

Hinh 3-6. Cac dang ranh cua rdto.
a va b) ranh trdn; ¢ va d) ranh hinh qua 13

0 dong co cong sudt nhod, dé dam bao do bén ciia khuon
dap, chiéu cao miéng ranh nhé nhét 18y vao khoang hy, =
0,3 ... 0,4 mm.Vé&i ranh kin, khi bido hoa phén chiéu cao
miéng ranh A,z c6 tic dung nhr miéng ranh ho. Chiéu rong
miéng ranh h& lay bing e =1 ... 1,5 mm.

Kich thudéc ranh tron (hinh 3-6a va b) tinh nhu sau:

. :F ’2(5"'1 '{)]ﬂ'_bZRZR (3_4)
* Lp + 7

trong dé O - duding kinh trong stato;
Zp - 86 ranh roto:
hgg - chiéurong g1 0

ix = dy + hag 12 chiéu cao rinh réto.
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rudy
4

Kich thuéc ranh hinh qua 1é (hinh 3-6¢ va d) tinh nhu
sau: ’

Tiét dién ranh: Sy =

Zp+m

Chiéu cao phén thing ciia rinh:
; Ze (b +d
o =0.5 [D ~ 28 +hyg)—dig — L(—ZR——”‘—)} (3-6)
P

Chiéu cao ranh:
hl’R :O’S(le +d2R)+h12R +h4R (3'7)
Dién tich ranh:

Sk :%(dﬁk +d3 )+ 0,5k (dig +dyr) (3-8)

3.3. Tinh todn hé s6 ranh nghiéng

Pé gidm-ti€ng &n vd mémen ky sinh, stato hoac réto
déng co dién roto 18ng séc thudng 1am ranh nghiéng (hinh
3-7). Véi dong co cong sudt nhod thuong lam ranh nghiéng
& roto, bude nghiéng ldy vao khoang mot bude rinh stato.
Khi rinh nghiéng & stato thi budc nghiéng bing khoang
mot budc ranh roto. Hé s6 ranh nghiéng xét dén su giam
stic dién dong cam dng trong mot day quin do tir théng
chinh ctia day quén khic sinh ra, vi vy c6 thé tinh gin
giong nhu hé s6 clia day quén roto:

2sin{ar,, /2)

&y

trong d6 a, =ﬁz—2p—ﬁn 14 géc & tam ranh nghiéng, rad;
R
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h . - g L1 -
B, =— la do nghiéng ranh biéu thi bing phan s& cla
R
budc rdng roto;
b, 1a d6 nghiéng ranh tinh theo cung tron cia réto, mm;
tp =—— la budc rang réto, mm,;
Zg
D’ =D - 24 1a dudng kinh ngoai réto, mm.
Khi dung ranh nghiéng, do séng bac cao cia tit trudng bi
triét tieu twong doi it nén i thong tan tap cd ting lén.

Hinh 3-7. Ranh nghiéng § roto 16ng soc,
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Chuong 4. TRO KHANG DAY QUAN STATO VA ROTO

4.1. Tr6 khang day quén stato

D6 chinh xdc cua tinh todn mdy dién phu thuoc vao do
chinh x4c cua tinh todn tham s6. Vi vay viéc xdc dinh dién
trds va dién khdng day quin stato rit quan trong.

Giéng nhu may dién khong d6ng bd thong thudng, khi
tinh todn so bo vdi tai thay déi tir khong tai dén dinh mirc,
cé thé coi trd khéng stato (rs, xg) va trd khdng réto (rg, xg)
khéng thay déi.

Khi dong co dién 1am viéc dén hé s6 trugt gidi han s,
tng vé1 M, thi dong dién day quin stato /g va roto [, vugt
qud tri s& dinh muc, lic dé tir truong tan & ring bat ddu ¢
hién turgng bio hoa, vi vay x5 va x; gidm xudng.

Khi x > x, , dic biét khi s = 1,
trong thanh dfn r6to cé hiéu iing
mat ngoai nén trd khing cla roto
thay déi. Tuy vy, vi kich thudc

rinh déng co dién cong sudt nho l
khong 16n, anh hudng cha hiéu tng ¢ i !
mit ngoai & thanh din r6to dén

tham s& rg, xz clia roto nhd hon |

nhiéu so vdi dong co dién thuing,
do d6 d6i vdi dong co dién cong
suit nhd thudng cé thé ding clng
moét tham s6 dé€ tinh dic tinh lam

iec va dac ti 5 do Hinh 4-1. M6t né
viéc va dac tinh khéi dong. o 6t nira

phan tlr day quan.
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1. Pién trd cua ddy qudn stato

Dién trd tac dung clia day quin stato bing:
Ls

, & 4-1
5 (4-1)

sy =P

trong do rg, 1a dién trd tic dung cla day quan ¢ nhigt do6 ¢, °C;
Ls 13 téng chiéu dai diy din cta mét pha diay quén stato
{trong mot mach nhanh song song):
Le=21,W:. 107 m; (4-2)
Wy 1a s6 vong day ndi tié€p cia mot pha.
Iy, =1+ 1,12 chiéu dai trung binh cla nira vdng day tinh
theo centimet (hinh 4-1);
l4 - chiéu dai phdn dau néi:
ly=k,+2B, cm; (4-3)
trong dé 7, =tV 3 Yo ld bude diy quin trung binh cua
b6i day biéu thi bing s6 rdnh;
' =£§‘—b— 12 bude rinh & dudng kinh trung binh, cm;
S
Dy = D + h 13 dudng kinh trung binh, cm;
D - dudng kinh trong stato, cm;
ks - chiéu cao rdnh stato, cm;
k, vd B 1a h¢ s§ kinh nghiém, 18y &k, = 1,2 khi 2p =2 va
k, = 1,3 khi 2p = 4; B 13y trong khodng 0,5 dén 1,5 cm;
S¢ - tiét dién day dan, mm?;
a - s6 mach nhénh song song;
p - dién trd sudt chia vat lieu day quiin & nhiét 46 lam
viéc tinh todn, Q.mm?*/m;
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D&i véi cich dién cap A, E, B, nhiét d6 dé 1a 75°C; cép
F, H 13 115°C (xem bang 4-1}.
Pé&i v6i day quén dong khuon cé thé ding cong thic sau:
- J";?[b ﬁ
P
trong d6 £ 1a budc day quén cha bdi diy tinh theo phan
trim cia budc cue.

Ty

Bdng 4-1. Dién trd sudt cita kim loai ditng trong
ding co dién, Q2mm’im.

Vat liéu Nhigt 6. °C : !
T 20 75 115
dang 1/56 1/46 1741
nham 1134 1128 1/25
| nhém dic roto 1128 1123 /205

2. Pién khéng tdn ciia ddy qudn stato

Khi tinh todn dién khdng tan cua day quin cé thé sir
dung nhiéu hé sé kinh nghiém va cong thirc, trong séch
nay néu lén nhitng céng thic thusng ding.

Tir tan c6 thé chia lam ba loai:

a) tir tan rdnh

b) tit tdn do séng béc cao gy nén (U tan tap)

c) tr tan phén dau noi.

Can cif vao ba loai tir tan trén, trong c6ng thic tinh toin
dién khdng tan stato xg ngudi ta dua vao ba hé sé tit dan: A,
- hé s6 tir din rdnh; A, - hé s6 tir din tap va A, - hé so tir
dan phin dau ndi.

Dién khdng tan cua diy quin stato dugc tinh theo cong
thitc sau:
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2
=058 LW s 5y (4-4)
100 100 pg
trong 46 LAs= A, + A, + 4,12 hé s6 tir dfin t6ng; f - tdn s6
nguon dién; p - s6 doi cyc; Wy - s0 vong day noi tiép cua
mot pha; ¢ - s6 ranh cia mét pha dudi mét cue (déi véi
déng co dién mot pha ding s6 rinh dudl méi cue cia méi
day quén Q thay cho g); /s - chiéu dai tinh todn cua stato.
af Hé s6 tr din cia ti tdn ranh

Hé sd A, phu thudc vao kich thudc vi hinh dang rénh
cing nhu loai day quan (1 16p hay 2 16p). Khi tinh todn chi
xét dén tir tan & thanh ranh va miéng rinh (khéng xét dén
ti tdn ¢ ngoai ranh). Trong day quédn hai 16p budc ngin, vi
trong mot 6 rinh cé diy quin cna hai pha khic nhau nén
téng tit théng mée vong gidm xuéng, do dé A, ciing gidm
nén phai ding hé s6 kg va kg dé xét su gidm xuéng clia he
s6 tir ddn A, . Hé 58 kg c6 lien quan dén budc ngan.

Hinh dang rdnh stato clia dong co dién cong sudt nhod
véi vi tri boi day dat trong ranh nhu & hinh 4-2. Hé s6 tir
din ranh cua ranh hinh qua 1¢ (hinh 4-2a) va nia hinh qua
1& (hinh 4-2b) nhu sau:

by
A, = Sy ky+|0,785- 25+ by e kgl (4-5)
_3d| 2(11 dl b4S

Hé s& tir din cba ranh hinh thang (hinh 4-2c¢):

Ch J 3h h
A = —‘kﬂ+[—'2—+——3—— 4S]kﬁ1 (4-6)
L3b| by b +2byg 1745

Khi tinh todn hé s& tir dan, cé thé xdc dinh kich thuéc
rinh theo kich thuéce 14 thép diap sdn, kich thudc 5, theo
cdch dién day din. Néu mép dudi cia diy quin & phia dudi
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tam cua phdn nia §6ng tron dudng kinh d, thi A, cé gia tri
am (hinh 4-2).

Foss

Hinh 4-2.

Bing 4-2. Hé 50 kg va kg,

Loal day quén B ke 1 ke

Day quin hai lopbaphava | 2 <p < T+95 1+38
mét pha 3 16 L 4

, 1+3
Day quan hai I6p hai pha g <1 35 B

4

Day quan mat Igp vai bat ky g=1 1 1
s6 pha nao

Hé s6 ky va kg, tra & bang 4-2 theo hé s6 bude ngidn y/r
cua day quin. Néu 1 < #< 2 thi khi tinh todn hé s6 kg va
kg, phai ding 2-/ thay cho f.

b/ Hé s& tix dan ciia it tdn tap

Heé s6 tir din cia tir tdn tap xét dén anh hudng cla ti
trudng song bic cao (séng diéu hda ring va séng diéu hoa
cla day quin) gdy nén {ir théng mdéc vong tdn trong day
qudn stato. Theo 1y thuyét mdy dién, séng béac cao cua tit
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trudng stato cdm dng trong day quin stato sic dién dong
tin s& cd ban, con trong diy quin réto quay thi cam ing
stic dién dong tdn s& cao do d6 trén thuc t€ khong tham gia
vio viéc truyén ning lugng ti stato sang réto. V1 vay
thong méc vong séng bac cao ¢é thé coi nhu tit théng méc
vong tan cia diy quéin nay.

Ngudi ta thudng diing tir tan gitta cac dinh rang dé thay
tir tan tap. Loai tir tdn nay cd khi goi 1a tif tan trong khe hd
khong khi vi tir trudng tuong ung chi yéu phu thude vao sy
din tit cia cac dudng sic tir trong khe hd khong khi.

Tinh todn chinh xdc tit tan tap 14 mét viéc kho khin,
nhit la khi tinh todn cdc tham s6 cia mdy dién xoay chiéu.

i l
i _7‘:5y/
L N‘ 4,1
’J” A
1

/2/4/

1]
?tfg

g
g5 47 gz 11 13 15 47
Hinh 4-3. Budng cong F = f{4/4) theo hé s& ranh nghiéng 4,

O dong co dién nhd, do céc bSi day clia day quéin rai
mat pha cé hinh dang va kich thude khong giéng nhau, s6
ranh cia médi pha dudi méi cuc ¢ va O tuong dai it nén tinh
toan cang phic tap.

Heé s6 A, phu thuoc vao kich thude mdy dign (budce rang,
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khe hé& khong khi) va s6 liéu day quin. BE rong miéng ranh
stato va roto cling ¢6 anh hudng nhit dinh dén tir tan tap
(hé 36 khe h& khong khi ks phu thuge vao bé rong miéng
ranh). Khi s6 rinh méi pha duéi mdi cuc ¢ va Q tuong doi
it (trong dong co dién cong suit nho thudng nhu vay) thi tur
tan tap la phdn chi yéu cia téng tit tan.

Hé s& tir ddn cia tif tan tap tinh nhu sau:

t
A, = —— 4-7
t 11,95_1(5 fs ( )

trong d6 f¢ 1A budc rang stato; & 1a khe hag khong Khi.

%0
NS
7’ )
%\
c‘)o
14 ST
\ f”m% L
Za & sl

1,9
\M/ Lo

Zs

a6
‘g5 4r gy 1A 1,3 1,6 47

Hinh 4-4. Budng cong G = f{#/4) clia cac hé s6 ranh nghiéng.
Khi 4, > 0.5, £/t > 1 thi G= 1.

Hé s6 khe hd khong khi:
ks = kss ksp
trong d6 kss , ksg 12 hé s6 kKhe ho khong Khi cia stato va roto.

S+b:;‘—S
kss = (4-8)
y 54 bas .957_,]”475),
J tg
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5 +-‘%—&
ks = (4-9)
"y b G )
) IR

trong dé f va b,y 12 bude rang va bé rong miéng ranh roto;

& 1a he 56 1ién quan dén ¢, B, t/ts, B,

£, = b Jty 1a 80 nghiéng cia ranh tinh theo ty s6 budc
rang roto;

h, 14 dé nghiéng cua ranh tinh theo cung roto.

Hé s6 & c6 thé xdc dinh theo cong thic trong bing 4-3
va dudng cong O cdc hinh tir 4-3 dén 4-7.

Néu pha chinh cia dong co dién moét pha chi€m 2/3 s§
ranh stato thi hé s6 d6 cling c6 thé tra theo dudng cong &
hinh 4-8. Khi mdi pha chi€ém mot nira s6 rinh stato thi tra
theo dudng cong & hinh 4-9.

P6i v6i déng co dién cd vong ngan mach, hé s& tir din
chia tif tan tap stato ¢6 thé xdc dinh theo cong thic sau:

004687
S = Ton

ks 100

of Hé sé tir ddn cia tiy tan dau noi

Tiu tan dau ndi cing rit phic tap, phu thudc vao loai
day quan (day qudn hai 16p dong khuon, diy qudn dong
tam, diay qudn phén tin hay khong phan tan (hinh 4-10) va
géc do nghiéng cha phin ddu ndi (ba mat phing, hai mat
phing) nhu & hinh 4-11.

Tir thong méc vong & ddu ndi va chiéu dai phin dau néi
I, ty 1& thuan véi binh phuong s6 rinh cia mét pha dudi
mot cuc ¢” hode Q7. Ti thong tan phin diu ndi déi véi day
quin khong phan tdn bao 14y tat ca ¢ rdnh; trong day quin
phan tdn thi bao 1y q/2 rinh. Tir thong nay khdc vdi tir tan
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ranh vi tir tan ranh khéng lién quan véi g—1 rinh ké bén
cla cling mgt pha.

G,

ARRDaPs 7

31— A /y/
AN o/
-

it

g2 A 0

/%% 7%
g - - ts
4506 47 48 4% 18 17 12 13 14

Hinh 4-5. Budng cong G, = f(£/4) clia hé s ranh nghiéng.
Khi /45> 1.5; 6,=0.5.

20

O

v

/
v
e -
LT A
?

WA R

Y

MAANANANA S
N N
=

|+
/4

7
a5 37 77 Kj

Hinh 4-6. Budng cong £, = f(£./4) cda hé s6 ranh nghiéng.
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AZ
94
F 4
%/‘
4D
2,3
T
,d/:/’“ 7
g2 7 T
A/ .
A/// J
g1 o —
. £
- 4 |48
s B
0 B1 4233 5485 46 47

Hinh 4-7. Dudng cong AZ = f{ 5,5/} cia cac ty s8 b,./5 (8 roto clng dang
dudng cong nay vai b/t va ,./5 d8 tim ra AZ),

14 —

5 Z3 {18 "
‘2 § zp ﬁgﬂiﬂzg |
’ ] 53—/
10 -l

0 62 8f 46 48 1,0 1,2 14 46 48 40

I

Hink 4-8. Dudng cong ding A& tioh tir tan tap dong co mét pha khi 58 ranh
cla céc pha chiém 2323 va Z,/3.

Cong thic tinh dién khdng tan phan dau néi nhu sau:
Wy Wg
vy =Af gty = lyq.cq =4af ug —— 1., (4-10)
Py P

trong d6 I, 12 chi¢u dai phdn ddu ndi cia day quan;
¢, 12 hé s6 kinh nghiém lién quan dén kiéu day quén;

Aq =qu.tdl.’:1 hé 86 tir din cua tir tan dfu noi.
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08

Bdng 4-3. Hé 56 &

2

Day quén ba pha co
rang nghiéng
(ddi pha 60°%)

- _EN
es=2{rin, -]

CN
_azlen, G-
( # 4(7]

2
—k.fs[’i] (14 52)
ts

#;, — xem bang 4-2

Day quén hai pha
(ddi pha 90°)

AN
=2\ Fkg —~1-1-
s [ d 24]
_AZ[Gk _ﬂ]_
1 Zq
/ 2
- Es[,i} (1 47)
5

khi <1t &, = 4

Hésd A G, F, C, tra
theo duiing cong trong
hinh 4-3 + 4-6
AZ theo dudng cong &
hinh 4-7.

Ne—{1-|y—ql}+
+%{1~|y—2q|}+

+{1-1y-3q1}

N=1+{1-]y-2¢q|}
Khi buac di M= 1




Being 3-4 (tiép theo)

3 4
al @< é bude dt M=1
2p
& :2[F-kﬁ1 - budc ngén:
Qzy Q+y=# -ézi N=1
He s8 £, G, F;, G P
tra theo dudng cong Zs .
i+ g2 trong hinh 4:3 + 4.6 | @#y Q+y= 2% N=1i2
' " AZ theo dudng cong
@ hinh 4-7, Q=y Q+y» 55_ M= 112
2p
Q= ¥= _Zi N=1
4p

bl 0= 25 Butcdd N=1
2p

Budc ngan M= 2




&s

Zar e
s »14 ﬁ:/
b

=

T o] | e 4

| e
T

0 62 04 46 88 10 1,2 1,% 1,6 18 2,0

Hink 4-9. Budng cong diing dé tinh tir 1an tap dong co dién
mét pha khi s& ranh c0a hai pha bing nhau.

o) )]

Hinh 4-10. Phan du néi cla day quén ddng tam
a) phan tan, b) khang phan tan

Hink 4-11. DY nghiéng cla phan d4u ndi day qué’zn.
a) day quén hai mat phang; b) day quan ba mat phang.
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V@i day quin ¢6 boi day phan tdn, hé 8 tit din A, nhd
hon. Rit ngin budc day quin cing lam gidm A,.

Heé s& tir din cla tir tan ddu néi c6 thé tinh theo céng
thirc sau:

- DB&i vai day quin mot 16p mée xich va hai 16p ba pha:

Ay =0,39%(zd ~0644.7) (4-11)

trong d6 S =§y—.
q

- D6i véi diy quéin mot 16p dong tim ba pha;
a) Day quén ba mit phéng:

Ag =0,47-j’-(1d ~0,647) (4-12)
b) Day quin hai mat phing: .

Ay =0,67%(ld —0,647) (4-13)
- DGi v6i day quén hai 16p hai pha:

I :0’19_611’"(11:1 —0648.7) (4-14)

- D61 v6i day quén déng tam hai pha:
a) 86 t6 bSi day clia mdi pha la 2p (day quan phan tén):

Aq =0,27%(1d —0647) (4-15)
b) S6 t hai ~ha m” pha la p:
‘ =0,47%(ld —0,647) (4-16)

- Déi v6i day quén hai I6p mat pha:

Ay :0,28(1 -06 ‘“Z’ "’]%(ld ~0648.7)  (4-17)
S
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trong d6 B = -Zy—-zp.
8

Vi day quin d6ng tAm mot pha:
a) So té boi day 1a 2p (day quén phan tdn):

g =0,39 (1—0,6 2; ‘Q)%ud ~0,647) (4-18)
5

b) S6 t6 béi day 1a p:

Ay =0,67(1—0,6 25 'Q]—?-(zd —~0,647) (4-19)
S

Khi 0 =2va 2p.0 > 1 cé thé diing céng thitc (4-17),

Zg 3
(4-18) va (4-19) dé tinh;
. . 2pQ 2pQ
Kh =1 —_—= > -, tri (1 - 0,6 duoc
1 Q va Z 3 gid tri ( Zs )

thay bang 0,8.

4.2. Tré khang réto

1. Pién tro téc dung ciia réto

Pién tré tic dung clia day quén long séc roto:
4mW52k§S ry

R = 2 rl + = kl2rpt (4'20)
Zrkar 2sin? == ﬁp

) R

Trong cong thitc trén, dién trd cla phin tl 16ng séc roto
bing:

84



Fy
2 P

R

2sin

trong dé r, 1a dién trd thanh din roto; r, l1a dién tré vanh
ngin mach; Z; 12 s6 ranh cua roto.
Trong cong thitc (4-20), &, 13 he s6 quy déi dién trd
roto sang day quéan stato; k, tinh theo cong thirc sau:
4mW¢ kg
kyy = —— 08 (4-21)
Zrkir
trong dé ks 12 hé s6 day quin stato; kg = k, 12 hé s& day
quin roto 16ng s6c¢ khi lam rénh nghiéng.
béi véi dong co mot pha ¢ phin tit khéi dong, trong
cong thikc tinh k,, phai thay s6 4 bing s6 8.

.2
Khi =R >, trong cong thirc (4-20) sin - ¢6 thé thay
2p Zy
bing day cung 2
Zg
Dién tré tic dung cia thanh dén réto:
/
h= p_R‘ ., Q
51
trong dé s, 12 tiét dién thanh din roto, mm?: /; 1a chidu dai
thanh déin réto, m;
Khi roto diic nhom, tiét dién thanh din bing tiét dién rinh.
Dién tré tdc dung cia phdn vanh ngin mach gifra cic
thanh dén bing:

D, 1072 0 423
r, = p———m |, -
Vs Zpahb (4-23)
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trong d6 D, 1a dudng kinh binh quan cla vanh ngin mach,
cm; a va b va kich thudc tiét dién vanh ngin mach, mm;
pla dién trd sudt cia vat 1iéu o nhiét d6 lam viéc tinh todn
(bang 4-1). V&i cich dién cdp A, E, B nhiét d6 d6 1a 75°C
vacdpF,Hla 115°C.

Tiét dién thanh din va vanh ngin mach cua réto duge
chon theo mat d6 dong dién cho phép (xem muc 3.1).

2. Dién khang réto

Dién khang tan day quéin roto da quy ddi sang day quén
stato bang:

A4
g =xg =R 4-24
RS T2, (4-24)
trong d6 X Ay 12 tng tir.din tan cla roto;
2
!
LAg =4 _R_Z_S(kﬁ] (4-25)
ls Zg \kgr

a) Véi doéng co dién nhiéu pha:
l
Ag =Ag + g 1+50 | Ap—>+Agp  (4-26)
ky In
b) V&i déng co dién mot pha:

I’LR = ﬂ’l’R + A’tR + de (4‘27)
trong d6 A , Ay, Agg 12 hé $6 tir ddn tan ranh, tap va déu
ndi cia roto; F, 12 hé s6 rinh nghiéng; &, 12 hé s6 can (d6i
v6i dong co dién nhd k, = 1); Iy, I5 12 chiéu dai 11 sit réto
va stato.

He s6 tir ddn tdn ranh tiét dién tron (hinh 4-12a) bing:

b
A :(0,785~ R ]k“ o lax (4-28)
dR b4R
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Khi ranh hinh qua 1&¢ (hinh 4-12b) cé:

2
2
_ h
D =| Py i ﬁ&jﬂw@+ﬁ& (4-29)
SdiR t IR b4R
e
b4 dr—y X
l:#*
-
{ n?i i
| (&8
2R ™~
Q"\
vl
)

a} .

Hinh 4-12 Kich thude dé tinh tir 1an réto.
Dai vdi rinh miéng kin (b, = 0), ty s6 byp/hye duoc

thay bing dang thifc sau:

03+1Jzﬁﬁ4m
I

trong d6 [p la dong dién thuc t€ trong thanh dén roto;

4 12 chiéu cao miéng ranh.
Néu [y = 5d; thi diing cong thife (4-29).
Hé s6 tir dén caa tir tan tap: :
;
I S 4-30
® " 110 5.4, ¢r ( )

ﬂ.“.ﬁ‘i&)
)

trong d6 & = f(Z; ;
fr

-mu§&<5:
p
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Ex 21+%-—”1’———AZ—— (theo hinh 4-7)

Zy  1-(p/Z)*

e khi Zr > 5:
2p
.
Er =1_A2=f(ﬂ,hi}
tR O

D6 véi dong co dign c¢6 vanh ngdn mach, hé s§ tr dan
ciia tir tan tap roto ¢ thé xdc dinh theo cong thitc sau:

Pr 2
Arn =0,165- -k
(R Z6.ks dR

& day ks 1a hé s6 day quan réto, thudng 14y bing hé s6
rinh nghiéng.

He s6 tir din phédn ddu néi:
29D, g 47D,
]2 2a+h)

4R = (4-31)

Zg! 2sin 2
Zg
trong d6 a 1a chiéu day (huéng tryc) cia vanh ngan mach;
b 1a chiéu rong (huéng tdm) clia vanh ngén mach.
Néu vanh ngin mach 4p sét 18i sat roto (réto dic nhém)
thi ¢ dugc thay bang a/2.
4.3. Pién khang tan do rinh nghiéng 6 roto sinh ra
Do & roto ¢6 ranh nghiéng nén dién khadng tan ting lén.
Trong dong co nho, dién khing tan do rdnh nghiéng sinh ra
dugc tinh gop vao dién khdng tan tap.
0] dong co mét pha cé vong ngin mach thi xét riéng va
dugce tinh theo cong thife sau:

88



Xog = 20,y (4-32)
trong 44:
X, - dién khang hé cédm;
o, - h¢ s0 xét dén rinh nghiéng:
t
o, =164 L. 20
Zp Iy

& day b, la d6 nghiéng rinh; f; 12 buGe ranh roéto; p 1a s6
déi cuce; Zg 1a 56 ranh roto.
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Chuong 5. TINH TOAN MACH TU

Tinh todn mach tir bao gém tinh dong dién tir hod /, ,
thanh phdn phan khing caa dong dién khong tai va dién
khdng tuong Ung vdi khe hé khéng khi x,,,.

Dong dién tir hoa cia déng co khéng déng bo nhiéu pha
c6 thé tinh theo cong thic sau:

091, Wk
Fo 27 m 7STAS (5-1)
2 P
trong d6: F 12 sic tir dong clia mbi cue dong co;
1, 12 dong dién tir héa ctia dong co.

Né&u tinh theo sitc tir dong mdt doéi cuc F,, = 2F thi dong
dién tir héa biang:

_ Fmp
M 0.9Wskys

Thanh phdn phdn khdng clia dong dién khéng tai bing

dong tur hoa:

(5-2}

I,= Ty
P&i véi dong co mét pha ¢ phan tir khai dong (m = 1),
dong tir hda duoc tinh theo sic tir ddng pha chinh, tic 1a:
. I mWskas
P
Dong dién tir héa clia dong co dién mot pha ¢6 phan tlr
khai dong:

F=09

] = Fp = Fmp
M 09Wskyg  18Wkgg

(5-3)
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Do dong co dién mot pha ¢ dong dién thi tu nghich
nén thanh phin phan khing cla dong dién khong tai 16n
hon nhiéu so v&i dong tir héa, udc tinh bing:

I, ~195I, (5-4)

Sitc tir dong mdi doi cuc cla dong co dién khéng déng
bo bing:

Fo=Fy+ Fp+ Fup+ Fug+ Fp (5-5)
trong d6 stic tit dong khe hd khéng khi bing: .
Fs=1,6k;5.B5.10° (5-6)

G day Bg 1a mat 4o tir thong khe hd khong khi, Tesla;
d'1a khe h& khong khi, cm;
ks 1a hé s6 khe ho khong khi:

kg = kgs . ksy
. Is s I'r
trong do: kg = va kyp = ——
. tS - }’55 [R - }/R(S
— (b45 /5)2 A - (b4R /5)2
ST 54 (b 10) TR T 54 (b 16)

fs va fy 12 bude rang stato va réto;
hss . bsg 12 bé rOng miéng ranh stato vi réto.
Stic tir dong ring stato:
Fzs = 2Hz5.hyg (5-7)
Cuodng do i trudng Hyg tiy thude vio loai thép k¥ thuat
dién va Bys cua rdng (tra theo phu luc 1). Péng co cong
suit nho hién dai ¢ By < 2 Tesla. Mat d6 tir théng trong
ring dugc tinh theo cong thiic:
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t
B,.=B 5 5-8
“ ’ bZS 'kc ( )

trong d6 15 = ZE 14 budc rang stato; b, la chiéu rong ring;
S
k. 1a he s6 ép chat 181 sat (xem bang 5-1).

Bdng 5-1. Hé s k,

Chiéu day ta Oxy hoa bé mat ~ Phi son céach dién
théf’ ky thudt thép can thép can thép can thép can |
dién, mm néng ngugl néng ngugi
0,35 0,93 0,98 0,91 0,95
0,50 0,95 097 0,93 0,95

Trong dong co dién cong sudt nho, 1a thép ky thuat dién
thudng duge oxy héa bé mait hodc phu son cich dién.

Dai véi ranh ddy bing thi chiéu cao tinh todn ring bing
chiéu cao rinh h,g = h . (xem hinh 2-18b va ¢);
Dai véi ranh hinh qua 1& (hinh 2-18a):
hzs = hys — 0,14,
Sic i dong ring roto:
Fzg = 2hyg hgg
Cutng do i trudng Hyp tra theo dudng cong tir héa cia
thép k¥ thuit dién trong phu luc 1 theo B:

t
B,y = Bs - —2X 5-10
ZR 5 Pk { )

Vi ranh tron (hinh 3-6a va b) chiéu rong ring tinh todn
bing:

bZR = tR”3 - 0,94dR (5—11)
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' T d e .
trong dé fpn = —— Dy +—| 12 budc ring tinh todn; Dy,
Zg 3
15 dudng kinh véng tron qua tdm cia rinh tron.

Da&i v6i ranh hinh qua 1& (hinh 3-6¢ va d):
hZth’rR_O’ldR (5'12)

Mat do tir thong & rang réto Bz khong nén 16n hon 2
Tesla.

Suc tir dong gbéng stato:
7(Dy = hys)

2p

trong dé D, la dudng kinh ngodi stato; A 13 chiéu cao
gong stato.

FS:H

s (5-13)

g8

Cuong do tir trudng H,s duge xdc dinh theo mat do
thong gong stato B,s va tra ¢ dudng cong tit hod dung cho
gong:

@-10*

=———— , Tesla (5-14)
o]
B 2hgglsk,

trong d6 @ 1a tir thong, Vebe; /g 12 chidu dai 15i sit stato, em;

Mat 40 tir thong cia gong stato trong dong co dién cong
suit nhé hién dai ldy trong khoang B, = 1,2 ... 1,9 Tesla.
S& cyc cang it thi mat do tix thong & gong cang cao.

Do mat do tir thong phan b khong déu nén dudng tir
ho4 da dugc hiéu chinh Iai nhu & Phu luc 1-2.

Sirc tir déng gdng réto:
7(d) + hgr)

2p

Cudng d6 tir trudng Hx dugc xdc dinh theo By:

Fer =Hgg (5-15)
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=— 7  Tesla (5-16)

trong 46 l; 14 chiéu dai 16i sit roto;

hgg 12 chiéu dai gong roto:

D-25-2d,
hor =—T6—- hye , Tesla (5-17)

tfong cac cong thire trén d, 12 dudng kinh truc; Ay 12 chiéu
cao tinh todn cua rang roto.

Mat do tir théng gong roto thudng trong khoang 1 dén
1,9 Tesla.

Cén chid y riing trong bang diic tinh tir héa H = f(B) cua
thép ky thuat dién, ngudi ta da chia lam hai bang tinh riéng
cho phén rang va phdn gong.

Hé s8 bdo hoa rang:

B+ g+ Fy

k
z F,

(5-18)

He¢ s6 bio hoa tinh duoc &, < 1,5 1a dat yéu céu.

Cdn chi y 13 d6i véi dong co it ti€ng 6n, mét do tix
théng rang va géng stato va roéto khong nén vuot qud cic
tri s6 sau: B; < 1,3 Tesla va B, < 1 Tesla.

Theo tinh todn mach tir, thinh phin phan khing cia
dong khong tai (xem cong thifc 5-2 va 5-4) tinh theo dong
tir héa phdi nho hon dong dinh mdc tinh theo céng thiic
2-17 hay 2-18 (khoang /,, = (0,6 ... 0,8 I,,). Néu I, > I,
thi phai giam mét d6 tir thong & khe hd khong khi B;. C6
khi phdi thay d6i kich thuéc vai doan mach tir va tinh lai
mach tit.
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Dién khang hé cdm (con goi la tir héa) bing:

Xm =Elﬂ=_—kEIUdm (5-19)
r n
hé s8 kg xdc dinh nhu ¢ muc 2.3.
Dién khing hé cam ciing cé thé duge xdc dinh theo
cong thuc:

2
vy = L6m— Wsks Al (5-20)
100\ 100 ) 100k36 k,p
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Chuong 6. TINH TOAN TON HAO

Dong co khong déng bo cong sudt nho ciing gidng nhu
mdy dién thuding, khi 1am viéc c6 cdc loai tén hao sau:

1) Tén hao sit & 16i sét va roto;

2) Tén hao déng trong diy quén;

3) Tén hao co;

4) Tén hao phu.

Phuong phdp co ban dé tinh cdc tén hao clia déng co
nho ciing khong khdc nhiéu cach tinh t6n hao clia may
dién thudng, diém ddc biét khi tinh tn hao cha mdy dién
nho la: .

1) Khi tinh tén hao sdt phai xét dén t trudmg thuin va
nghich trong mdy dién mot pha.

2) Cong nghé gia cong va chit lugng 1ap rdp cdc chi tiét
mdy dién nhé ¢6 anh hudng rit 16n dén céc tén hao. Khi
tinh tén hao, yé&u 16 cong nghé duge xét bing mot hé s gia
cong mi hé s& nay thay déi trong pham vi khd 1dn. '

Do con thiéu nhiéu cdc s& liéu kinh nghiém lién quan
dén 16n hao trong cac mdy dién nhé céa cdc nude cho nén
dén nay cich tinh todn t6n hao ciing chua dugc chinh x4c.
Nhing cong thic lién quan dén yéu t6 cong nghé can duge
nghiém thém.

6.1. Tdn hao sit

Tén hao sit bao gém t6n hao sat trong phdn rang va
gbng cula stato va roto:
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P’{‘:P{RS+P%R=P+gS+P'{ZS+P’{'gR+PT"ZR (6—1)
trong dé Pr = Prgg + Przg 12 ton hao sat stato, W;
P = Pr,g + Przg 12 t6n hao sit roto, W.

Tén hao sat phu thudc vao mat do tir thong va tdn s6 ma
hai dai lugng nay lai lién quan dén diéu kién lam viéc ciia
mdy dién.

Trudc tién phai xdc dinh tén hao tinh todn theo mat do
tir thong va tdn s di cho. Lic tinh todn ldy kg di ding o
trén va tin s6 nguén dién f, con mat do tir thong thi theo
tinh todn mach tir.

Tén hao tinh todn cla gong stato va réto:

1,3
. iy
PTg =1,6p|‘0/503g2Gg (5 B W (6‘2)

trong d6 p, gs0- Sudt tén hao cha thép, W/kg, tra theo bang

6-1;
B,- mat d6 tir théng tinh todn cla géng stato hodc
r6to; Tesla;

f - tin s6 tir héa xoay chiéu;
G,- trong hrong tinh todn phidn gong, kg;
Trong lugng gong stato tinh theo cong thirc:

GgS = 7187Z(Dn - th)thlSkC' 10—3’ kg (6'3)
Trong lugng goéng réto tinh theo cong thite:
G = 7.87d, + hg)hplek . 107, kg (6-4)

trong dé D, la dudng kinh ngoai stato;
hes . hgr 1a chiéu cao tinh todn gong stato va réto;

k. 1a hé s6 ép chat 15i sit;
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Is , I 12 chiéu dai 161 st stato va roto;
d, 1a dudng kinh trong réto, cling la dudng kinh truc.
Bing 6-1. Sudft ton hao thép k§ thudt dién p, 5, véi bién do

mdt do tie thong B = 1 Tesla, tdn s6 f = 50 Hz va chiéu day
1d thép bdng 0,5 mm.

Ky higu thép silic 1211 1212 1213 2011 2013 2111 2211

Suft tén hao py g5, Wikg | 3.3 31 28 35 25 35 28

Tén hao tinh todn phin ring stato vi réto:

1,3
PlZ = 1,8[)1‘0,50 B%Gz(%J kgC N W (6'5)

P1oss0 12 sudt tén hao clia thép tra theo bang 6-1, Wikg;

B 1a mat d6 tit thong tinh todn phin rang stato hay roto,
Tesla;

G; 12 trong lugng tinh todn phén ring:

G, = 7,8b,h, Lk 1077 | kg (6-6)

trong dé Z 14 s8 ring stato hay roto;

b;1a chiéu rong tinh todn cda ring;

h; 1a chiéu cao tinh todn clia ring;

k, 1a hé s6 gia cong (xem bang 6-2).
Bdng 6-2. Hé 56 gia cong k,,

Cach gia cong L4 thép khéng La thép cb cach dién | La thép co cach dign
stato cach dian, khong 0 nhumg khong 0 {oxy hod) vaco
Khéng gia céng 1,1 09 G3
Mai 12 1,0 09
Tién 15 12 41
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Khi tinh toan dic tinh lam viéc cia dong co dién va t6n
hao st &@ mbdi diém déu phai xét d&€n mat 4o tir théng thuc
t€ va tdn s6 dong dién roto (f = s.f).

Tén hao sat thuc t€ trong stato va réto dong co dién mot
pha 13 téng cta t6n hao sit do tir trudng thudn Prg (Pg)
vi L trudmg nghich Prg, (Prg.) gdy nén.

Doi voi stato: Prg= Prgy + Proa, (6-7)

Dai voi roto: P = Prgy + Prgo (6-8)

( bt cit trang thai 1am viéc nio, thanh phén tén hao sit
chia tit trudng thuin va nghich clia dong co dién ¢6 thé tinh

theo quan hé sau:

Tén hao sit stato do tir trudng thuin gay nén:

2
, E
Pre; = Pis [ p . ] (6-9)

eVim
trong dé Pjg - t6n hao tinh theo (6-2) va (6-6);
E, =1, Zz,, 13 stic dién dong thi tu thuan & trang
thdi quy dinh;
1,,- dong dién thit ty thudn tinh theo (7-1);
Zza1 - téng trd mach dién thd tu thudn tinh theo
(7-2).

Tén hao sit stato do tit trudng nghich sinh ra:

2

. E

Prsy = Prs [ . J (6-10)
E~dm

trong d6 £, =14, Zga, 12 sic dién dong thd ty nghich &
trang thai quy dinh;
I,, - dong dién thit ty nghich theo (7-2);
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Zia, - tong trd mach dién thit ty nghich anh theo

(7-8).
Tén hao sat roto cia tir trudng thit ty thuan:
2
E, 13
P =P 5 6-11
TR1 = FTR (kEUdm J (6-11)
Tén hao sat réto cla tir trudng thi tu nghich:
£\
Py =Pt 2 (2-0)" (6-12)
™2 = ITR [kEUdm ) |

trong dé Prz 12 tén hao sit tinh todn cia réto tinh theo
cong thic (6-2) d&€n (6-6); s 1a hé s& trugt & trang thii quy
dinh; £, va E, 1a stc dién ddng thit tu thudn va nghich.

6.2. Tinh toan anh hudng cia tén hao sat dén tri so
cua dong dién stato

C6 thé xét inh hudng clia tén hao sit dé€n dic tinh cha
dong co dién bing cdch dung dong dién phu do nhitng tén
hao nay giy nén. Dong dién nay s& dugc cong thém vao
thanh phin tic dung cua dong dién stato. Cin cit vio tri s6
clia dong dién cé ké ca tén hao sit d€ tinh ra tén hao déng
stato va ton hao trong phén ti khdi dong, tir dé tinh dién dp
phdn t¥ khdi dong va quyét dinh cosg. Tat cd cdc tri s6
khdc khi tinh todn déu khong xét dén tén hao sat.

Dong dién phu do t6n hao sit gy nén vdi ti trudng
quay tron bing:

PTS

Lo =5 6-13
AT=T ( )
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Dong dién phu do tén hao sit cta tir truomg thuan pha
chinh gdy nén v&i tir truong elip:
Prg +
1;\1T - TSI PTR] (6—14)
E,
Dong dién phu do t6n hao sit cua tir trudng thuin cua
pha phy gy nén:

Iyr = Tawr (6-15)
k
Dong dién phu do tén hao sit cua tir trudng nghich cua
pha chinh gay nén:
Prey + P
[y =152 LR (6-16)
£,
Dong dién phu do tén hao sit cla tit trudmg nghich cha
pha phu giy nén:

Il
Igor =—225 (6-17)
k
Dong dién phu do t6n hao sit elia tr trudng chinh gay
nén khi tir truomg dap mach:

Prg + Prgy

E, (6-18)

r
Ty =

Dong dién phu do tén hao sit cla tit truong nghich gay
nén:

Prs; + Prro (6-19)

Lyop =
A2T E,

6.3. Tén hao co

Tinh toén chinh x4c tén hao co cila dong co nhd rit khé.
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Trong ché tao, khi tinh loai tén hao nay thudng ding cic
s6 liéu riit ra theo kinh nghiém, vi vay céng thirc tinh tén
hao co déu 1a nhing céng thitc kinh nghiém. So véi nhitng
dong co thong thudng, ddng co cong sudt nho vé s6 lugng
con qua it dé diic két thanh s& liéu gido khoa. Vi vay viéc
tinh to4n tén hao co cang thém khé khin.

Véi nhimg dong co khong déng bé cong sudt 16n hon
100 W, khi tinh tén hao co cé thé ding nhitng cong thite
kinh nghiém cla mdy dién ¢ vira s& néu sau day.

Tén hao co ciia may dién thoéng gid huéng kinh (khéng
c6 rinh théng gidé hudng kinh, & ddu réto 6 lap cdnh quat):

n 2 D } -
Pea = k[f@@] {102)} (©-20)

trong d6 D 1a dudng kinh stato, mm,;
khi2p=2,k=5khi2p>2,k=06.
Tén hao co clia may dién théng gié huéng truc (quat ly

tAm):
2 4
p. =065 | [ L (6-21)
1000 {100

Tén hao co clia méy dién 1am ngudi bing quat gié thédi
ngoai (quat ly tdm):

a V(DY :
PCﬂ' = k( . _n (6_22)
1000 100
R D
trong d6: khi2p =2,k =1,3 ,(1_ 1080}

khi2p>2,k=1(v6i D, > 100 mm).

Cé thé uée tinh tdn hao co nhu sau:
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P.,=0,1P,, khi P, < 60 W;
P, =0,05P,, khi Py, > 60 W.

6.4. Tén hao dién

Tén hao dién bao gém tén hao déng trén day quén stato,
roto va tén hao trong phén ti khai dong.

Tuy theo tinh chét cua tir trudng trong mdy dién (tron,
elip, dap mach) ma s& dung nhiing céng thic khdc nhau dé
tinh t6n hao dién. Pong co dién dung va dong co mot pha
cé phan tir khdi dong cé tir trudng elip khi khoi dong.
Dong co ba pha va néi chung dong co dién dung & trang
thdi dinh muc cd tir trudng quay tron. Dong co mot pha ¢d
phdn tit khoi dong khi lam viée ¢6 tir truong dap mach.

Trong trudng hop chung, tén hao déng trong stato cia
doéng co mot pha trén stato ¢6 hai day quan vdi tit trudng
elip bang:

Po= g7 roa + Isg'rsg (6-23)
trong dé I, va Igy 12 dong dién diy quin chinh va phu ¢6
k& d&n tén hao sit;

Fsa Va I'gy 12 dién tré tic dung ciia ddy quén chinh va phu.

Trong trudng hop dic biét, tdn hao dién ciia day quén
stato bing:

1) Khi tir trudng quay tron:

Pps = migy’ Fsa (6-24)
2) Khi tir trudng dap mach:
Pps =15 rsa (6-25)

Trong trudng hop chung, khi dong dién thi tu thuan vi
nghich cua tir truong elip khong bing nhau, tén hao dién
cla day qudn roto bing:
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Ppr = 2(’rRm2 + IRA'.’2) TrRA (6-26)
trong d6 Iz, va Iga, 12 dong dién thi tu thuén va nghich
clia 1610; re4 12 dign trd réto.

Khi tinh t8n hao day quin réto, diing dong dién stato dé
tinh s& thudn tién hon, vi vy theo mach dién thay thé€ &
hinh 7-1 ta cé:

2 - 2 s
Txar” Tra = 1oy 7 'jaL-S
2 _ 2
Iran” Tra = La2 - gan (2--8)

Cho nén tén hao dién & réto bang:

Por = 20,50 jar -8 + 2000 gan (2—8) (6-27)
trong d6 [,, va I, - dong dién th& tr thuan va nghich cta
stato;

F'raj VA I'’gay - dién trd tdc dung cla mach dién
thi tu thudn va nghich {xem (7-3) va (7-8)].
Tén hao dién clia day quén r6to khi tlr trudng quay tron:
Por =m0 rgas (6-28)
Khi tir trudng dap mach [, = I,, = 1,/2 t6n hao trong
day quin roto bang:
Por = 0,5 1,2 [ ga)-s + Fran(2-5)]  (6-29)
Tén hao trén dién tré khéi dong:
Y (6-30)
trong d6 r, 12 dién trd khéi dong.
Tén hao trén dién dung:
P.=1gr, (6-31)
trong d6 r, 12 dién tré twong duong do tén hao dién moi
cla tu dién.
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6.5. Ton hao phu

Tén hao phu ciia dong co khéng déng bo cong suit nhd
rit khé x4c dinh chinh xdc. D€ tinh toan gin ding tén hao
nay c6 thé dung nhitng céng thic clia may dién thuong:

P
P, =0,005 2. (6-32)
n
trong dé 7 1 hiéu sudt cia déng co.
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Chuong 7. MACH DIEN THAY THE CUA PHA CHINH

Tinh todn dic tinh déng co khong déng bd mot pha
cong suft nho dwa vao phuong phdp thanh phidn dé&i xing
ciia hé théng hai pha.

Theo phiaong phap nay, v&i dong cog moét pha ngudi ta su
dung mach dién thay th& nhv ¢ hinh 7-1 va 7-2.

Xw T Xes

Hinp 7-1. Mach dién thay thé pha chinh.
a) vdi dong thir tr thuan; b) vdi dong thir ty nghich.

Mach dién thay thé pha chinh (hinh 7-1) do hai mach
dién déc 1ap ing v&i hai dong dién thit tu thuidn va nghich
hop lai.

Mach dién trong hinh 7-1 ¢6 thé dung cho déng co mot
pha c6 phan tir khéi dong ciing nhu cho déng co dién dung.
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Mach dién thay th€ & hinh 7-2 ding cho déng co dién
mot pha ma day quin phy di bi cit ra. D6 1a hai mach dién
ndi lai ma tham s8 ing v&i tir trudng thuin va nghich duge
chia déi, vi lic d6 dong dién chung /, gip do6i dong dién
thit ty thuin va nghich (hai dong dién bing nhau).

baéi véi dong co dién ba pha chi diing mach dién thay
th& cia dong dién thuin. Trong mach dién thay th&€ dang
thao luan (hinh 7-1 va 7-2), ta cé Zg, = rga + jxga 12 tong
tr& day quén stato; rg, 12 dién trg tac dung tinh theo (4-1);
X4 12 dién kKhing tinh theo cong thire (4-4}.

Mach nhanh tir héa trong mach dién thay thé chi bao
gom dién khang ti¥ héa. Dién khdng nay tinh theo céng
thite (5-26).

Tén hao sit tinh theo ddng dién phu (xem muc 6.2) .

A

P
ZA4 Xea 1!(;7:'—4) __rgd

Hinfr 7-2. Mach dién thay thé pha chinh (khi da ¢t day quan khéi dong).

Mach dién réto bao gém dién khdng tan cla roto xz, va
dién tré tdc dung cla roto tuong dng vdi dong dién thi tr

N

. LT r R ) _ \
thuan va nghich R2& va “R& (¢ 13 he 6 trugt). Pién tré
s

-3
rga va dién khiang xg, tinh' theo cdc cong thic (4-20) dén
(4-31).
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Trd khang x,, , Xga » F'ra d4 quy d6i vdo day quin pha
chinh A.
Téng tré thif tu thuin cia pha A (xem hinh 7-1) bing:
Zay=Zsp + L'ra1 = ras + jXa (7-1)
trong d6 bao gbém téng trd day quin stato Zg, va tong tro
“mach phan nhanh, tic 13 tdng tré cila mach dién do mach
tir héa va mach roto ghép song song v6i nhau.
Téng tré mach phan nhénh tit trudmg thuan:

Z'gar = F'rar + JX Rat (7-2)
trong dé dién trd tic dung cia mach dién phan nhanh:
2 'Ra
*mA s
Ra1 = (7-3)

2
(L@‘J +(xmA +xRA)2

s

Dién khang mach dién phan nhénh:

2
r
RA
Xma [—s J + XA Xpa (Xma + XRa)

2
[m—A] + (xmA +Xga )2

A

(7-4)

Dé don gian tinh todn, ¢6 thé dén ra cdc tham s6 «, B
va d6i cong thic (7-3), (7-4) thanh:

P AP Xpas
TRAI =”ﬁ (7-5)
a
H )
RA o ts”
' YRA
XRair = 22+ﬂ2 "B Xga (7-6)
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. g x
trong d6 a = RA ; B= mA

Xma T XRa Xma T XRa

Téng trd thit tu nghich chia pha A:
Zpsy =Zsp + Lgpz = Taa + Jxp2 (7-7)
trong dé téng tré mach phan nhanh tir trudng nghich:
Z'gar = Igaz + jXraz

Pién tro tic dung clia mach phan nhdnh tir trudng nghich
I gar Va dién kKhdng x’g,, tinh theo cdc cong thie (7-3) dén
(7-6) nhung trong nhitng cong thitc dy thay hé s8 trugt s
bing (2 — s).
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Chuong 8. TINH TOAN PHA PHU

8.1. Pai cuong

Tham sé chia pha phu dong co khong déng bg cong sudt
nhd mét pha quyét dinh dic tinh khoi dong cia dong co va
déi véi dong co dién dung con quyét dinh cé tinh ning 1lam
viéc,

i U X U A

5 l S T11
A< 43S A2 | cFTCx

Q‘ [A, UC 3 | FK Uf‘ S | v J-

oq o'eo
R/ ) Lw £ ]
lopa” e 00l S P
oe )"_Uﬁ }“—UB 8
) 5) c)

Hinh 8-1. Su d6 nguyén Iy cla déng co dién mét pha.

a) ding dién dung khdi déng; b) dung dién trd khai dong,
¢) ding dién dung dé khdi dong va lam vigc.

Noi dung tinh todn pha phu Ia xdc dinh tham s& cua pha
phu va chon phédn tir phu (dién trd, dién dung).

Trong dong co mot pha c6 phén tit khéi dong ngit ra
(hinh 8-la va b), phdn tit phu chi ding cho muc dich khéi
d6ng, nhung phin tl phu ciing ¢ thé ding dé céi thién dic
tinh lam viéc nhu & dong co dién dung (hinh 8-1c).

Tinh todn pha phu d6i véi tat ca cdc dong co mot pha Ia
tinh todn nhimng s6 liéu sau:
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13 Ty s6 bién 4p cia s6 vdng day tdc dung cla ddy quéin

phu va chinh:
k :M_B_ (8-1)
kaaWa
trong dé W,, Wy 1a s6 vong day quén chinh va phu; ky,, ke
12 hé s6 day quén. _

2) Tri so clia phan tr phu 1y tudng nhat:

a) Dai véi dong co dién dung: dién dung C, cha tu dién
lam viéc (hodc dién dung C, v&i dién tro phu).

h) V&i dong co dién khoi dong bang dién dung hay
dong co dién khdi dong va 1am viéc bang dién dung: dién
dung C cua tu dién khoi dong.

¢) Véi dong co dién mot pha khéi dong bing dién trd -
dién tro khai dong r

Khi biét ty s6 bi&n 4p c6 thé tim ra diéa tr& tic dung va
dién khdng cta pha phu, s§ vong day mébi pha, ti€t dién
day dfin va tri s8 cta dong dién.

Chon chinh xdc ty s6 bién 4p va dién dung cua tu dién
lam viéc c6 thé dam béo trang thai 1am viéc cua déng co
dién dung ly tuong nhit, tic 1a trang thdi dinh mic hay &
tai di cho (cho biét hé s6 trugt) tao dugc mot tir trudng
quay tron.

D6i véi dong co mot pha khdi déng ngit roi ra, viée
chon hop 1y ty s6 bién dp va phin tir khodi dong c6 thé dam
bao dac tinh khéi déng cin thigt. Khi tinh toidn pha phu
dong co mot pha, tham s& cda pha chinh rg,, Xga, Fras Xra» Xma
¢6 thé coi nhu d3 biét (xem chuong 4). Nhitng tham s& niy
khi tinh todn pha phu 1an cudi cing s& duge diéu chinh lai.
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8.2. Trd khéang cua day quan phu

Dién trg tdc dung rgy va dién khéng xg cia day quén
phu cé thé biéu thi thong qua tré khang day quén chinh va
mot hé s6 quy déi. Trong dong co dién mot pha d6i xing
(nhir déng co dién dién dung), s6 rinh mébi pha, sy phan bs
day quén cdc pha, dang va kich thuée ranh déu nhe nhau.

Lic dé do tir ddn cua tir tin A, vd A, bing nhau nén
dién khang tan day quén stato ty 1é v&i binh phuong cla sé
vong day va ta cé:

2
Asp _Ap [ﬂ] (8-2)
Xsa  Aa \Wy

nhu vay dién khing day quan phu:
xsp = Koxsy (8-3)
Trong mdy dién d6i xing, néu tong tiér dién day déng
trong rdnh nhu nhau, tic 14 ti€t dién diy din cua ddy quin
ty 1& vé&i s6 vong day, thi dién trd tic dung coa pha phu
dugc xdc dinh théng qua dién tré pha chinh va binh
phuong cua ty sd bién 4p:

lwWg =p IWWBkzpk2 lwWa _i2
Sp Sa Sa
k
trong d6 Iy, 12 chiéu dai binh quan mgt vong day.
Tiét dién day din cha day quin B vd A c6 thé khéng
chénh nhau & 14n ma 1a ¢ 14n. Trong trudng hop d6 dién tra
tic dung cia pha B la:

s =P rsa  (8-4)

W, k ;
Tsp =P \; /AI =k-t-r5p (8-5)
A

112



Trong trudng hop chung s6 rdnh danh cho day quin
chinh va phu ¢6 thé khéng bang nhau, téc 12 0, = a.Q5.

Vi du trong déng co ¢6 phan tr khai dong, ty s6 O,/0p = 2.
Trong trudng hgp nay t dan cic pha ty 1& nghich véi 56
rinh danh cho pha do:

N
An  Us

Nhu vay dién khdng tan pha B bang:

2
Xsg = kza{i—d'q—] Xsa (8-6)
dB

C6 thé coi ty s6 tiét dién day din cla cdc day qudn bang:
— SiZa 5:Zg - $:0a2p 5:082p - kqa k-a

Sa 1 5 :
Wy Wy Wa Wy kap

trong d6 S, 12 tiét dién rinh khéng ké cich dién; Z, v Z,
la s6 ranh danh cho day quin pha A va B,
Trong trudmg hop nay dién trd téc dung pha B bing:

Swkes  Sa_kip

kA kc%A

sB

2
] TsA (8-7)

kdB

Do & ddy quén phu ctia dong co dién cé phén tit khai
dong Cy va rg , mat d¢ dong dién cho phép tuong d6i 16n
nén ti€t dién diy din diy quéin phu thudng chon nhd hon
tiét dién day dfin day quin chinh.

Khi 0, = a.Qy , ti€t dién day din pha B s& sai léch
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t.a. id—A 14n, nén dién trd tic dung diy quén phu bang:
dB

.2
I'sp Ekra[ﬁ"{\*] ?‘SA (8‘8)
dB

8.3. Tinh toén ty so bién ddi va phin tir dich pha cia
dong co dién dung

Do hai day quén cla dong co dién dung déu tham gia
qué trinh khéi déng va lam viéc nén day la loai dong co
dién mot pha loi dung triét d€ cdc day quén nhat.

Dién dung ndi vao day quén phu cla stato cé thé lam
giam tiéng 6n ciia dong co dién.

Hinh 8-2. Béng co dién dung cd dign dung lam viéc.
a} so.dé nguyén ly; b) 8 thi vecto khi tir trudng quay tron.

Doéng co dién dung gém céc loai:

a) Bong co cé madt dién dung lam viéc C, (hinh 8-2a);

b} Déng co cé dién dung lam viéc C, va dién dung khdi
dong Cy.
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Néu diéu kién sit dung dong co khong doi hdi cé momen
khoi dong 16n thi ¢6 thé dung dong co dién dung cé dién
dung lam viéc ma khong cdn thém thiét bj khdi dong dé cat
dién dung khaoi dong.

Ty s6 bién dp cha ddng co dién dung duge xdc dinh theo
diéu kién tao ra mot tir trudng quay tron khi tai dinh mic
{thuting cho sin).

Trong truong hop chung, day quén doéng co dién dung
trong khéng gian c¢6 thé xé& dich bat cit géc d6 nio va ¢6
thé 1oi dung viéc thém tu dién hodc tu dién véi dién (16 tic
dung vao day quéin phu dé dat dugc tir trudng quay tron.
Trudng hop phé bién nhét 12 day quan dat léch 90° trong
khéng gian, déng thoi dang ty dién 1am phdn tir dich pha.
Truéng hop ndy s€ duge nghién cin kj thém. D&i vai
nhiing trudng hop khidc nhu: 1) day quin xé dich mot géc
tily ¥ trong khong gian, ding tu dién 1am phdn ti dich pha
va 2) day quén xé dich mét géc 90° trong khong gian, diung
tu dién va dién tro phu lam phin tir dich pha thi dusi day
chi dan ra nhiing céng thic ma khéng chitng minh.

D6i véi dong co day quén xé dich 90° trong khong gian.
diéu kien dé dat dugce tir trudng quay tron la:

HakaaWya =IgkggWy (8-9)

. koW

JUp=Ug 222 (8-10)
kisWp

C6 thé diing d6 thi vecto & hinh 8-2b dé thuyét minh diéu
kién dat duge tit trudng quay tron. Cong thite (8-9) chi rs,
stc tir dong hai pha phai bang nhau vé tri s8 va léch nhau
90° vé thoi gian. Tit cong thitc (8-10) thdy ring tri s6 dién
ap quy ddi cha mdt pha va pha kia phai bing nhau va lech
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nhau 90° vé thdi gian.
Né&u lam cho dong dién thi tv nghich cia déng co dién
mot pha bing khong:

[ =U Ly + Ly
Az =Up =
ZpaiZpy +Zpy Ly ‘
thi ta duogc: e +jkZy =0 (8-11)

trong dé:
Zy = KZsy + Zo= (Kray + 1) + j(Kxs, — Xe)
r. va x, 1a dién trd va dién khing cla tu dién.
Thé& Z5;, vao cong thitc (8-11) dwuoc:
kzzm + Zc + jk.ZAl .: (kerl + rFo— k-.xA[) +
+j(kP g, —x, + kry) =0 (8-12)
Néu 56 ranh danh cho pha chinh va phu nhu nhau va hé
s§ 14p ddy rinh biing nhau (cin cit vio tinh hinh thirc t&
cta dong co dién dung) thi cong thitc nay 12 chinh xic.
Vi€t cong.thitc (8-12) thanh phin thyc va phin 4o ta
dugc:
Broa+r.—kxy=0 (8-13)
Kxp ~ x, + kg =,0 (8-14)
Cian cif vao cong thitc (8-13) tinh ra ty s6 bién dp cia
dong co dién dung:

2
k= Xa1+yXa — 4

2ra

(8-15)
trong d6 r., v x,; 13 dién tr& tdc dung va dién khéng cta

mach dién déng tri thtt tu thuin cda pha chinh khi s = s, ,
(hay bdt ky mét s ndo cho trudce).
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Dién tré tdc dung cia tu dién nén dinh trude. Sau khi
tinh toan, tu dién lam viéc s& duge hi¢u chinh lai theo muc
luc san phdm. Khi tri s8 r, theo muc luc san phim va tri s6
dinh trude khic nhau qud xa ta phai tinh lai. Néu ldy r, =0
thi cong thitc (8-15) c6 thé don gian di rdt nhiéu:

k="Aloygg, (8-16)
a1
trong dé @, 1a géc 1éch pha gita dong dién va dién dp pha
chinh. _ ‘

Trong diéu kién ti trudmg quay tron, dién khing cla tu
dién lam viéc ¢6 thé tinh theo cong thic:

Yoy = Kxp 4 kry = (K + Doy Q0 (8-17)

Tir cong thic (8-17) thdy ring, khi tir trudng quay tron,
dién khang cua tu dién phai bang téng dién khing cia hai
day quén:

Xy = KOX0 + Xa = Xy + Xa L (8-18)

bién dung cua tu dién 1am viéc:

%
Comi—;
2fx,

trong dé x., 1a dién khang cda tu dién, Q.

uF

Dién dung cha tu dién tinh ra phai duoc chon lai theo tri
s6 gin nhét cla tu trong muc luc sdn phdm va tix dé xdc
dinh dién trd tdc dung cua tu dién. g

Néu s6 ranh danh cho pha chinh va pha phu bing nhau
nhung ty s6 tiét dién day dong cta pha chinh va phu $,/Sg # £
thi ty s& bi€n 4p (khi r. = 0) c6 thé tinh theo cong thic gin
gidng nhu cong thirc (8-13) nhy sau:
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k= ZALZHNA (8-19)
TRa1
trong d6 ¢ = §,/5g 1a ty s4 tiét dién day din day quin chinh
va phu.

Trong trudng hop nay dién khing cia tu dién duge tinh
theo cong thic (8-17), cOn ty s6 bi€n 4p thi tinh theo céng
thite (8-19).

Truong hgp théng thiedng nhit, néu s6 ranh pha chinh va
phu khéng giéng nhau thi ty s& bién 4p (khi r, = 0) bing:

2
k
k: kdB

- (8-20)
Fral
trong dé:
S k
a=2a. Sa_ K
Op  Sp kyg
hic d6 dién khang cua tu dién bang:
Xow = k¥ (@.Xsh + X'ga)) + kory, (8-21)

trong 46 ty s8 bién 4p duge tinh theo (8-20).

Khi sir dung cong thitc (8-15), (8-20) dé chon chinh xdc
ty s6 bi€n 4p thi viéc dung tu dién dé duge tir trudmg quay
tron khong han 1a kinh t&€ nhat.

Qua phan tich thdy ring géc @ = 45° tuong d6i t6t, vi
khi cosgy qué nhoé thi s6 vong day day quén phu sé ting
lén nhiéu lam cho dién 4p trén day quin vi trén tu dién
ting lén; né€u cosgy Ién thi s8 vong day gidm, tri s dien
dung ting lén. Néu s6 vong day day quin phu ting lén thi
c6 loi khi v&n hanh lién tyc (dong co dién dung) nhung
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khong ¢6 loi khi khoi dong. Giam sé vong day quén phu
xudng thi mémen cuc dai s& tang 1én chut it.

Néu diéu kién 1am viéc yéu cdu dat tir trudng quay tron
(vi du dong co dién ghi am yéu cfu quay déu va khong
rung) thi c6 thé dung phuong phap dién dung thém dién tr&
phu.

Khi ding dién dung va dién tr& phu dé tao ra tir trudng
quay tron (hinh 8-3) ta c6 thé cin ¢ vho cong thic (8-13)
va (8-14) tim ra ty s6 bién 4p, dién dung va dién trd phuy,
lic dé trong cong thite (8-13) phai thém tham s& dién tr&
phu r:

Kray—kxy +ro+r=0 (8-22)
Ue = -JISTCV .
i e =0
T f/'c . I
Ig x|
AL %
0 0 _JM,‘,_
o 0% L_U U fgr ‘
F Ug
a) )

Hinh 8-3. Dong co dién dién dung co dién dung lam viéc va dién trd phu.
a) sd d& nguyén Iy; b) dé thi vecta khi to trudng quay. tron. '

Néu day quén hai pha léch nhau trong khong gian mot
goc bat ky 6, va trong pha phu c6 ndi dién dung lam viéc
(hinh 8-4) thi dé tao ra tir trudng quay tron, sic tir dong
clia hai day quin phai bing nhau vé tri s8, cdn vé thdi gian
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léch pha nhau mét géc @ = 180° —¢F. Liic d6 ty so bi€n 4p
bing:
re cos(B+p,)

(8-23)
coS@,
Dién khdng cla tu dién:
X = —Kratg(8+ @) + Kxy, (8-24)
trong dé tg@a ~Zal
Tal

Vé6i dong co dién dung cé dién dung khéi dong va lam
viéc, cdch tinh dién dung khdi dong xem & muc sau.

8.4. Chon ty s6 bién 4p cia dong co dién mét pha va
tinh phan tir khéi dong

Trong déng co modt pha cé phdn tir khdi dong (dong co
dién cé day quén khdi dong bi cit ra & hinh 8-1a va b), ty
s& bién ap k va tr} s6 cla phén tir khoi dong (dién dung ¢y
hoic dién trd ry) phat trude hét thda min diéu kién di cho
(khi s = 1); dat dugc momen khdi dong 16n nhat My, hé s6
phdm chdt cao nhdt (My/Iy),.. » DOl s6 mémen khéi déng
dd cho my = My/M,, , boi s6 dong dién khoi dong da cho
ix = Ixflym

Khi mémen cuc dai nhé hon mémen khdai dong, c6 thé
dat duge hé s& phdm chét 16n nhét va lic d6 dong dién
khdi dong s€ gidm di 13 rét.

Hai diéu kién dat dugc momen khdi dong lon nhdt va
dong dién khoi dong nhd nhit thwdng méau thuin nhau.
Nén xdc dinh dac tinh khéi dong clia dong co dién theo chi
tiéu khéi dong ndo quan trong nhat,
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Trén thuc t&€, thudng yéu cdu dat mémen khdi dong cang
16n cang 16t v6i dong dién khéi dong khong 16n 1am.

J

-

@)

b)

Hinh 8-4. Dong co dién dung c6 day quan léch nhau mot goc
bat ky trong khong gian.
a) 50 dd nguyén Iy; b) do thi vecto khi ti trugng quay tron.

Muén thi€t k& hop 1y pha phu phai chi ¥ hai diém sau:

1) Vi dong dién khai dong déd cho phai dat dugc momen
khéi dong 1dn nhit.

2) V4i dong dién khoi dong da cho phai dat dugc hé s6
phiam chét 1én nhit, tic 12 ¢ ty s6 Mg/f 16n nhit.

Momen khai dong déng co mét pha bing:

My = %'Z(Iim _IiZK)r{lAK (8-25)
Mgy :

trong d6 I,k va I, 13 dong dién thit tw thuan va nghich
khi khoi dong;

121



1 rak 12 dién trd mach chinh ctia pha A khi khéi dong (s = 1);

ha 12 toc do déng bo.

Cong thic trén cé thé chuyén thanh ham s& cia céc
tham s6 trong mach dién thay thé:

97,4'2kU§ FRAK réKxAK ‘X;sKrAK
MK = : =

nay (rak + Xax) Fak + XBx
= 2A(réK2AK F_;.rBKrAK) (8'26)
TBK + XBK )
97.4 kU2 &,
trong d6 A= ATRAK \y = U,

2
Ra(TAK + ¥4k )
- Dong dién khdi dong khi dit cic tham s6 mach dién
thay thé& pha chinh va phu thinh quan hé ham s6:

roa2 r 2
f.K = I AK \FrAK rBK) (':'AK ' BK) X (8_27)

2 2
Fgg + XBK

U

{2 2
Fag + Xag

Trong cong thitc (8-26) va (8-27), r’px va x'gg 1a dién
trd tdc dung va dién khdng cha pha phu d3 bao ham tro
khéing ctia phin t khoi dong ry va xg.

trong d6 [, = 14 dong dién khdi déng pha A.

P&l véi ddng co cd ndi tu dign trong pha phu, dién
khang xpg ¢ tri s6 am nén thé vio cong thirc trén phai cé
dau trir. '

Trong nhitng cong thic trén cdc tham s6 co chi s6 AK &
phia duéi 1a tham s6 clia mach dién thay thé€ cta pha chinh
khi khéi déng (s = 1) (xem chuong 7).
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Far = Fa2 = Taks

Fal = Faz2 = Fags

"’ ral = T'ra2 = Frak

Hinh 8-5 12 dé thi vecto thé hién quan hé gita dong khdi
déng v&i ddc tinh cia phan tir khéi dong. Dé&i v6i dong co
mot pha, khi mémen khéi dong di cho My ty 1é thudn véi
I« va bing hing s6 thi ding dién dung lam phdn tir khai
déng s& dugce dong khdi dong nho. Néu ding dién cdm lam
phén tir dich pha thi dong dién khdi déng s& 1dn nhat. Vi
vay dé dat duoc muc dich trén néi chung khong ding dién
cam.
bé tiét kiém day déng,
mat dod dong dién cho =0,
phép cua diy quan phu cé
thé 16n hon day quan
chinh 2 dén 3 1an, c6 khi
dén 5 lan. Lac d6 ty sé
tiét dién day din cia day
quin chinh va phu khong
phai 1a k.akd—A ma la
dB

kd_A

La ,trong d6 ¢ > k.

dB

Tang mat do dong dién
¢6 thé ché tao day quan dé
dang hon va ha gid thinh
vi dit tri s8 clha k tuong
d61 16n, hé s6 14p ddy ranh

Hinh 8-5. Dong dién khdi dong cla
déng oo mét pha cd phan i khdi dang
khac nhau (dign cam L, dién trd £, va

dién dung G.) khi momen khéi déng
cing s& khong tang lén. khong dgi (M, = 4,
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Tri s6 cha ¢ c6 thé chon bing (1,2 ... 1,5)k. D61 véi dong
co ¢ 6 1an khoi dong khong nhiéu ¢6 thé chon dén 1,8k,

Trong trudng hop chung (xem muc 8.2) n€u s& rinh day
quin chinh va phu khéng bing nhau (Q, # Q3), déng thdai

. .S k N
ty so tiét dién ddy dan cia day quin S—A=t.a.—di, thi khi
B 4B
kh&i dong tré khing cla pha phu c6 thé biéu thi bing trd
khang clia pha chinh.
Dién trd tac dung:
kq

2
I"BK = kta[‘k—AJ Fsa + kzr,RAK + ry= Fek + 7 (8"28)
dB

trong dé r, 1a dién trd pha phu hay dién trd tic dung cta tu
dién r:
_ 9
Op
rex - dién trd téc dung cha pha phu lic khoi dong.
Dié¢n khing:

2

k ’

Xgg = k*a) %A Xa — K Xgag — X, = Xgg — X, (8-29)
kdB

trong d6 x, 1a dién khang cia tu dién (chi diing cho dong
co dién cé dién dung trong pha phu); xpg - dién khédng pha
phu lic khdi dong.

Péi véi nhitng trudng hop didc biét, khi t =k via =1
cong thitc (8-24) va (8-28) c6 thé don giin héa nhu sau:

’-,BK = sz'SA + kzr’RAK + ry= kerK + Fy=rgg + re (8‘30)

[ — 12 2 N _
Xgg = Kxga + K Xpag — X = Kxag — X = xpg — &, (8-31)
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Déi véi dong co khoi dong bang dién trd hay dién dung,
trong nhitng diéu kién khdi dong khdc nhau, c6 thé ding
cong thirc (8-26) va (8-27) dé dén ra cong thic tinh phin
tir khoi dong.

Dé tim ra tri s6 ctia phdn tit khoi dong bao dam moémen
cuc dai, phai vi phan xpg hay rgg trong cong thic (8-26)
va 14y dao ham béng 0.

Cong thitc diing dé tinh tri s6 cla phan tir khai dong bao
dam hé s& phdm chét 16n nhdt c¢6 thé din ra tir d6 thi vong
tron cha dong khoi dong cia dong co dién mot pha.

Sau khi dd cho boi s8 dong dién kh&i déng vi momen
khéi dong, tri s6 cha phdn tir khdi déng ¢é thé tinh theo
cong thitc (8-26) va (8-27).

Lic khoi dong, khi tinh tham s6 pha phu phai xét dén
loai dong co dién. Momen khdi dong cuc dai c6 thé tinh
theo (8-26), titc 1a ding cdc tham s6 pha phu thda mian
diéu kién My, (bang 8-1) thé vao cong thitc chung vé
momen khai dong dé tinh.

Lic d6 momen khoi dong bing:

2 2 i
VFAK T XAK T Xak Zax XAk
A = A -

TBK 'Br

Néu 14y diéu kién dat hé s§ phdm ch4t 16n nhit hay

dong dién khoi dong di cho sin thi ¢é thé tinh mémen
khai dong theo cong thie chung (8-26).

MKmax = (8-32)

Dong dién khdi dong trong tit ca cdc diéu kién khdi
dong (ngoai trudng hop dong dién khéi dong da cho sdn)
c6 thé tinh theo {8-27).

Trong di€u kién khéi dong di cho, dién khdng clia tu dién
duge xdc dinh theo dién khdng 1’ cua pha phu (bang 8-1).
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Xoa = Xpg + |Xpgl (8-33)
trong d6 xg 11 dién khang pha phu khéng c6 phdn tir khi
dong. -

Pién dung cia phén tit khéi dong:
_10°
- 27f Xk
trong d6 xcg 13 dién khdng cia tu dién khéi dong.

Dién 4p trén tu dien: Ue = lZex (8-34)

trong d6 Zeg 1a téng trdy trén tu dién.

CK , /JF

Viéc chon ty s6 bién 4p cla dong co khoi dong bing
dién dung khong phai 1a mot cong viéc riéng biét vi dién
dung, dién 4p trén tu dién, hé s 14p ddy rinh va mot loat
cdc tri s6 khac déu phu thudc vao tri s6 cla ty s6 bién 4p.

Can chi ra rdng, d6i véi dong co mot pha khai dong
bing dién dung, néu yéu cdu dat dugc moémen khéi dong
cuc dai thi ty s6 bién dp c6 thé tinh trude theo (8-18) va
(8-20). D6i véi dong co dién dung thi xdc dinh theo diéu
kién tir trudng quay tron O trang thdi dinh myc.

Pé dat dugc moémen khdi dong di cho sidn (tat nhién
moémen ndy nhd hon mémen cyc dai) thi ty s6 bién dp &
phdi 16n hon dong co dién dung, nhu vay cé thé giam bét
dién dung cdn thiét nhung phai chi § ring hé s6 14p ddy
ranh cho phép sé han ch€ viéc ting k lén.

Néu di cho boi s6 dong dién khoi dong, khi tinh pha
phu dong co khdi dong biang dién dung véi diéu kién dat
momen va hé s& phim chét cuc dai, ty s6 bién 4p sé xdc
dinh theo dién trd tdc dung cia pha phu (xem béng 8-1).

Viéc tinh todn cu6i cing pha phu dong co dién dung
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thoa man yéu cdu khéi déng Iy tudng nhat chi cé thé thuc
hién bing phuong phdp lap mot loat phuong dn véi nhifng
tri 6 khdc nhau cia cdc tham 8 sau: ty s6 bién dp k, dién
khdng tu dién xgx (Cx), hé s6 lap ddy rinh, s6 vong day
ctia pha chinh va phu. Quan hé giita tat ca cdc tham s6 trén
khong thé gop lai trong mot cong thirc duge.

Néu chi xét dén anh hudng d6i véi riéng chi tiéu khoi
dong thi c6 thé dp dung nhitng phuong phdp sau:

Né&n mémen khéi dong qud nhd, ¢6 thé ding phuong
phép sau dé nang lén:

I) Tang dién dung,

2) Tang dién tré réto,

3) Tang s6 vong day quédn phu, nghia la tang ty s6 bién p.

Néu dién ép tu dién qud 16n thi phai tang:

1) Dién dung,

2) Dién tro day quan phu;

3) Dién tro roto,

Néu dong dién khoi dong qué 16n thi phai:

1) Tang dién trd roto,

2) Ting s6 vong day quin phu dong thoi gidm dién
dung cia tu dién khéi dong.

Tinh todn djng co dién 6 dién tré khoi dong ry

Trong tat ca cic diéu kién kh(’)‘i.dcfmg, tham s8 pha phu
dong co dién moét pha khdi dong bing dién trd ¢6 thé tinh
theo cong thifc trong bang 8-2. Mémen khoi dong cuc dai
c6 thé tinh theo (8-26), titc 14 can cif vao tham s6 pha phu
théa mén diéu ki¢n My, (bang 8-2) thé vio cong thic
chung vé mdmen kh&i déng dé tinh:
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{2 2

XBK XBK

MKmax =A

Né&u diéu kién cin c6 1a dat duge hé s8 phim chit cuc
dai hodc dong dién khoi dong di cho thi mémen khai dong
duge tinh theo cong thite chung (8-26).

Dong dién khéi dong vai tat ca cdc diéo kién khoi dong
(trudng hgp dd cho dong dién khéi dong) tinh theo cong
thirc (8-27).

bién trd phu cua pha phu:

]'K =I‘;3K _J'-BK (8'36)

trong d6 rgg 1a dién tré tdc dung pha phu khi khéng cé
phén tit khéi dong.

Khi thiét k&€ dong co khoi dong bang dién trd, giam nhé
ty s& bi€n dp k 1a ¢6 lgi vi nhv vay s& nang cao dugc
mémen khoi dong cuc dai. Tri s6 & ¢6 thé nhd hon hoic
bang 1. Nhu vay boi s6 mémen cuc dai c6 thé dén 1,8 +
2,2, tdt nhién lic d6 dong dién khéi dong sé ting.

Mat d6 dong dién pha phu cé thé cao hon pha chinh.

Giam tiét dién day dén ctia day quédn pha phu (r > k) cé
thé gidm tri s6 dién tré khoi dong phu dit ngoai, ¢ khi
bang 0. Mot dong co nhu vay goi 13 dong co dién 1am ting
dién tro trong pha khoi déng.

Giong nhu cdch tinh pha phu cda doéng co dién khoi
dong bang dién dung, cdn phai so sinh nhiéu phurong 4n
vOi nhiéu tri s6 khac nhau cia cdc tham s6: ty sd bién 4p,
ty s6 ti€t dién ¢, s6 vong diy cla hai pha... vd chon 1dy két
qua cé chi tiéu khéi dong tat nhét.
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Bdng 8-1. Tinh todn tham sé pha phu dong co dién mot pha khdi dong bang dién dung.

Biéu kién khdi dong

Dién trd tac dung pha

Dian khang pha

Mémen khdi dong
CUC dal. MKmax

xéKmax:‘fIK(xK _ZAK)

Momen khéi déng .

cyc dai M, vai
- bbi s6 dong dién

khdi dong ix = e
Idm
da cho

Tan =

i, AR+ 28— 02 + Znra)

AR 208 -1

XBK :%(XAK ~Zx)

Hé s8 phdm chat

cuc dai (ﬂ]
/K max

. Xaia = Zaky ik (fak + k)

XK
TaK

Hé s8 phim chit
cyc dai

{ﬂJ v6i boi 6
k)

dong dién khai dong
da cho -




0l

} khdi dong da cho

Bdng 8-1 (tiép theo)

B&I 5§ mdmen khdi

)

i = -t
K ,dm

déng da cho —
i My o o AR~ VAP — M Wi - 2400w
M= —=- & M,
- Myn
o,
XBIJ? = 2 +
BOI s8 dong dién K G

2 2.0.2,.2 2 22
. J(‘K"Ci Mei ek + ek )~ i ek )+ 86 X A

i -l

trong d6 ¢; = Im

dm

Bdng 8-2. Tinh todn tham s6 pha phu dong co dién mot pha khéi dong bang dién trd.

Didu kign khai dong |

Dién ird tac dung pha

Bién khang pha

Mbmen khéi ddng cuc
da.l MKmix

BKmax =ﬂ(ZAK + J(AK)
ApK

"Momen khdi dong cyc

dai M., vOi
ix = L da cho
dm

AK +fAK)

r X,BK'
ki =—28(Z
XpK

L + )
Ki iy - i

22 Zuc — 2O+ Ui W2 + 102k -Hex

(Zak + rax)




Bdng 8-2 (1iép)

Hé s8 pham chit cuc

o]
Jk max

s kAt Lk X Xak + Xak)

g
AAK

&

Hé s& phdm chat cyc

dai [ﬂJ v6i
IK max

f
i = K da cho
dm

" _rAK_ZAK iK
PBR=—"3
IK—1

Boi s8 mdmen khi

Gong da cho, AXAi\/AZXAx—MK(MK»‘ng+2AXAK"AK)
= M oK = .
T M K
Mdm
Boi s6 dong dién khdi e2ra
dagng da cho Tgg = _2' >
-k Ik =&
l"( = ——
fam . J(i& —cH) et (xp + xpg ) —ifxB 1+ igelrk
if ol
' fak
trong d6 ¢= —
L Idm




8.5. P6 thi vong tron ciia dong dién khoi dong dong
co mot pha ¢6 phéan ti khdi dong

Chi tiéu khoi dong clia dong co dién khong déng bo mot
pha: mdémen khoi dong My, dong dién khoi dong Iy va cdc
tham s& day quin phu bao gém céc tri s6 cua phin tir khéi
dong déu c6 thé tinh ra tir 46 thi vdng tron clia dong dién
khoi dong.

Diing d6 thi vong trdn c6 thé nghién ciu pha khoi dong
vé ban chit, ¢ thé tim ra inh hudng clia tham s6 pha
chinh, pha phu va ty sé bién dp dén dong dién khéi dong
va mémen khéi dong.

Puong nhién, dung phuong phép dé thi'dé chon pha phu
12 khéng chinh x4c nhung c6é thé mét cdch truc quan va cé
két qua chon cdc tham s& pha phu 1y tudng nhéit. D6 thi
vong tron c¢é thé gidi quyét twong d8i d& dang nhitng vén
dé quan trong cia thiét k&€ pha phu, titc 14 bao dam cé hé
s6 phdm chat cuc dai.

Sau diy s& nghién citu riéng biét d6 thi vong tron dong
dién khoi dong cla dong co dién mot pha khoi dong bing
di¢n dung hay dién trg.

1. Dong co dién mdt pha khdi déng bang dién dung

D6 thi vong trén cia dong co moét pha khdi dong bing
dién dung nhu & hinh 8-6.

D46 thi vong tron duge vé theo ty 1& xich cha dong dién.

Vecto dién 4p theo hudng truc tung. Pudng kinh vong
tron biang doan AB trén dudng AM song song v6i truc tung,
tuvong duong véi dong dién cuc dai cha day quin phu khi
khdi dong, titc 1a dong dién khi dién khing cta pha bing
dién khdng cia tu khoi dong |xg = |x.|. Trong trudmg hop
A6, téng trd pha phu bing dién trd tic dung:
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Khi ty s& bién &ap
va tiét dién day din
cia day quén phu di
dugc chon thi dién trd
tdc dung cua pha Ay
rex €6 thé xdc dinh
theo (8-28) va (8-30).

Khi dién khing pha
phu (bang xpx — Xex)
thay déi quy tich cua
ddu mit vecto dong
dien khdi dong day
quan phu 7Ig s& la
cung tron AB. Vi dién
trgd tic dung cda tu
dién c6 thé coi la
bing 0 (r, = 0) nén
dién tré pha phu trén
thyc t&€ 13 khong déi.

Trong hinh 8-6
vecto dong dién khéi

— U
Dog]‘l = AB:IBKmax =—dm (8-37)

Tgk

g

Hink 8-6. D thi vang tron dong dién
khéi dong dong co dign mét pha khdi
ddng bang dién dung.

dong pha chinh /7,4 (doan OA) chim sau vecto dién 4p mot

TAK

g6C @,y = arctg
Fak

Dong dién khéi dong Iy 12 téng vecto dong pha chinh
({ax) va dong pha phu ({g) titc 13 bing vecto néi tir géc
(diém O) dén bdt ky mot diém nao trén vong tron. Vi du

161 v&i diém C:
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OA - dong dién pha chinh; AC - dong dién pha phu; OC
- dong dién khoi dong.

Trong hinh v&, chiéu cao cia tam gidc dong dién Khoi
dong OCA (doan CK) 1a mémen khoi dong ban ddu.

Trén thyc t€ moémen khai dong ty 18 v6i tich dong dién
pha chinh, pha phu va sin ctia géc giita hai dong dién va
dién 4p dy: :

My = I JTeg-sin(gax — @ax) = CK

Momen khdi déng cuc dai ciia dong co 1a dudng DF
thdng géc véi vecto dong dién Iy kéo dai va di qua tam ciia
vong tron 0. Ty 1& xich cia mémen cé thé xic dinh theo
tri s6 moémen kKhdi dong cuc dai tinh theo cong thire (8-32).
Hé s6 phim chit M/l cé thé ding ty s6 hai doan trén

. CK . P oo .
vong tron —— = sina dé¢ xdc dinh. Khi sina cuc dai,

nghia 1A OC thanh dudng tiép tuyén voi vong tron thi ty s6
46 s& 16n nhdt. Nhu vAy hé s& phdm chit 16n nhit trong
ng v6i diém C trén vong trdn. Dua vao d6 thi vong tron c6
thé tim ra dién khang pha phu bac gém dién khdng tu khoi
dong. Dién khdng nay thich vng v6i mot trong nhimg diéu

M
kién khai dong san: M (—I—K—J va My hoic Iy cho trudc:
K max

r —_ r2 _2
Ypx =VZpk ~BK
Udm

trong d6 rgg 1a dién trd tic dung cua pha phy; 2’5, = ;
dm
I 12 dong khéi dong cia pha phu tinh theo phuong
phédp d6 thi vong tron theo diéu kién kh&i déng cho
trudc. '
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Dién khing ty dién khoi dong:
| xex | =gk | + | X px ] (8-39)
trong d6 xg la dién khdng pha phu.

Véi dong co khdi déng bang dién dung, tinh todn pha
phu m6t cich 1y twdng nhat 12 diéu hét sic phic tap, vi
trong diéu kién dé yéu cdu phai hiéu ré sy anh hudng 1an
nhau cua nhiéu yéu t8 nhu dién dung cua tu dién khéi dong
trong diéu kién khoi dong da cho, dién 4p tu dién, ty s6
bién 4p va hé s6 14p ddy ranh v.v... Ngoai ra con phai xét
dén su anh hudng 14n nhau cha cdc tham s6 day quin chinh
va phu ciing nhu tir géc do6 cla chi tiéu khéi déng dé chon
sd vong day pha chinh 1y tudng nhit.

Trong muc 8.4 c¢6 néu lén cdch thiét k& pha phu cé dién
dung khdai dong. Viéc thitt k&€ pha phu 1y tudng nhit la
ding cdch v& d6 thi vong tron véi s6 vong day pha chinh
khdc nhau va cdc ty s6 bi€n 4p khac nhau dé xdc dinh cdc
tham s8. Lic dé c6 thé thdy rd anh hudng cla cic yéu to
trén dén dién dung khoi dong va dién 4p clia tu dién khi da
cho diéu kién khoi dong va hé s6 14p ddy ranh.

2. Dong co mét pha khoi dong bang dién tri

D6 thi vong tron dong co dién mot pha khdi dong bing
dién tré nhu & hinh 8-7. Ldy huéng ctia vecto dién dp lam
truc tung. Dudmg kinh cGa dé thi vong tron bing doan AB
trén huéng ndm ngang tiéc 13 bing dong dién cuc dai cha
pha phu véi diéu kién khi khéi dong dién tré tic dung bing
khong. Liic d6 téng trd clia pha phu bing dién khing xg.
Udm
XK

Khi da chon ty s6 bi€n dp, dién khdng xg s& duogce tinh
theo cong thic (8-29) va (8-31).

Do = AB = Iggnn = (8-40)
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Hintr 8-7. D4 thi vong tron déng dién khdi dong dong ca dign
méat pha khdi dong béng dién trd.

Khi dién tr& tic dung pha phu r’gy tir 0 d€n v6 cling 16n,
diém mit vecto dong dién khéi dong pha phu s& di chuyén
theo cung AB. Piémkhang pha phu xg, khong déi.

Trong hinh vé& vecto ddng dién khdi dong pha chinh
I.x (doan &:ﬁ) chim sau vecto dién ap mot géc

* AK
TAK

Pax "—-a:rctg

Dong dién khoi dong I 1a téng vecto dong dién pha
chinh /¢ va dong dién pha phu fg. Trén d6 thi vong tron:
OA - dong dién pha chinh; AC - dong dién pha phuy; ocC -
dong dién khoi dong.

Nhu da néi, trong dé thi vong tron déng co mot pha
khéi dong bing dién dung, ¢6 thé dung dudng thing géc ha
tir ddu miit cua vecto dong dién pha phu xuéng vectg dong
dién khéi dong pha chinh dé biéu thi mémen khéi dong
ban diu.
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Moémen khoi dong 16n nhat vén 13 doan DF thing géc
xuéng vectd I di qua tam vong tron O .

Ty 1& xich clia mdémen c¢6 thé xdc dinh theo tri s6 mémen
cuc dai tinh theo cong thic (8-35). :

Hé s& phdm chét cao nhét twong duong véi diém C khi
v& dudng ti€p tuyén OC (hinh 8-7). Dua vio s6 liéu ciia d6
thi vong tron va diéu kién khdi dong My, » M/l)me: VA
My ., I, di cho, c¢6 thé tinh duge dién trd phu khi khoi dong
bao gém ca dién tro khéi dong:

rox =V Zhk — Yok (8-41)

U .
—dm . . - dong dién khdi dong pha phu

BK
dat dugc trén dé thi vong tron véi diéu kién khdi dong cho
trudc; xgx - dién khang pha phu.

trong dé Z’g =

Dién tré khai dong tac dung:
rk =7 — Tpx . (8-42)
trong dé ryy la dién tré tdc dung pha phu.

Vi cdc ty s6 bién dp khdc nhau (xgg khdc nhau) v& mot
loat cdc d8 thi vong trdn, nhu vy cé thé thdy dwgc anh
hudng cia ty s& bi€n dp dén tri s6 cia mOémen khdi déng
va dong dién khoi dong véi nhitng diéu kién khac nhau vé
mémen khdi dong cuc dai, dong dién khdi dong cuc tiéu,
hé s& phdm chét cao nh4t.

8.6. Dong co cé vong ngian mach

Loai dong co dién nay cé thé coi nhu day qudn phu
ngin mach. Bude day cia vong ngin mach (pha phu B) ciia
dong co c¢é vong ngin mach thudng chiém 1/3 chiéu rong
clia cyc tir.
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Loai dong co dién ndy ding & nhitng noi yéu cdu moémen
khai dong khong cao nhu quat thong gié, cong suit t8i da c6
thé dén 70 W, hiéu suat vao khoang 0,1 dén 0,25, cose = 0,6,
moémen khéi dong rat nhé (tieu chudn Tiép Khic ¢i quy

dinh Mg 0,25) nhung ¢é thé thiét ké cao hon.
dm

Pac diém loai dong co dién nay 1a két cfu don giln,
chidu quay cua dong co dién duge xdc dinh theo vi tri cila
vong ngin mach. Khe hé khong khi 6= 0,3 ... 0,5 mm.
Viéc tinh todn moémen cna loai dong co dién nay phitc tap
vi séng bac cao cé anh hudng chu y&u. Séng bac cao khong
nhitng gdy nén dién khing tan tap ¢é hai ma con gay nén
sy lién hé cam dng tdc dung gida day quéin chinh va vong
ngan mach. Theo 1y luén thdy ring khi ting khe hé& khéng
khi 1én & = 0,5 mm thi¢cé thé c6 moémen khéi dong lén
nhat rhung khi dé dong dién tir héa ting 1&én lam hiéu suft
giam xuéng. Néu lam khe hé dudi cyuc tir khong déu nhu &
dudi 1/3 cuc tir 14y 6 = 1 mm roto ranh nghiéng va kin thi

cd thé dat My > 1,5. Do d6 ta thdy ring nén lam roto
dm )

rinh nghiéng, kin dé khir inh hudng cia séng diéu hoa
ring trén roéto. Ranh cda véng ngdn mach nén néng va ha
dé cho tré khang clia day quin phu ngin mach ¢6 tinh dién
trd. Ngoai ra khi dién trd cha day quin ngin mach va dién
tré roto 16ng séc c6 mot ty 1€ nhat dinh thi tinh nang mdy
t6t nhit. |

Dic tinh moémen cia dong co ¢é vinh ngin mach ciing
giéng nhu cdc loai thuong.
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Chuong 9. TINH TOAN BAC TiNH LAM VIEC VA
DAC TINH MOMEN 47 = f(s)

9.1. Dac tinh va gian dé ning luong cna dong co dién
vai tir truong elip, tron va dap mach

Dic tinh lam viéc cua ddng co mot pha: I, Ps, M, 5, 7,
cosg = f(Py) va dac tinh mémen M = {(s) ¢6 thé tinh theo
cac cong thirc din ra tir phuong phép thanh phan doi xing
ctia hé théng hai pha va ¢é thé ding mach dién thay thé
cla déng co dién mot pha d€ xdc dinh quan hé giita cic
tham s6, dién dp va dong dién thit tr thean va nghich cua
dong co dién mot pha (xem hinh 7-1).

Stato clia dong co mét pha ¢é hai day quin (chinh va
phu), théng thuong léch nhau 90° trong khong gian. Trong
trudng hop chung, stc tir dong cia hai pha dé khong bang
nhau (/,W, # I,Wg), déng thoi cing 1&ch mat gbc bét ky vé
thoi gian. Két qua cua nhifng stc tit dong dap mach ciing
tac dung 4y 1a sinh ra tr truong quay hinh elip. Tu trudmg
quay tron va tir truong dap mach la tir trudng dac biét cla
tir truong elip.

Sdch nay s€ khéng trinh bay ciach din ra cdc cong thic
dac tinh 1am viéc ma chi néu lén k&t qua cuédi ciing.

Trong tit tredng elip ndi chung, dong dién thi tu thuan
va nghich clia pha chinh bang:

2 - jkZ S

iy=U, B2 ALy, v kI, (9-1)
Larlmy +ZprZp

.  Zey 4 kZ

fay =Uy —BLUIZZAL _p D0, (9-2)

ZprZpy +ZpyZy,
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trong dé U 4 14 dien 4p pha (d6i vé6i dong co dién mét pha
U, bang dién 4p day U); Z,, va Z,, 12 tdng tré mach dién thay
thé thir tu thuan va nghich cta pha A tinh theo (7-1) ... (7-8);
Zgy VA Zg, - tong tr& mach dién thay th€ thi tu thuin va
nghich cta pha B.

D6i vdi cdc dong co ma s6 rdnh cla hai pha bing nhau
con tiét dién ddy din pha B khic ti€t dién day déin pha A
dén k 1an (thudng la dong co dién dung), trd khing ciia pha
B trong cong thitc (9-1) va (9-2) bang:

Zyg = (Kryy + 1) + J(Kxsy — X0 (9-3)

Zogy = (Krpy + 1) + J(Kxas — X); (9-4)
trong d6 r,; va x,, 1a dién trd tic dung vi dién khing thia
tu thuan clia pha A; r,, va x,, 1a dién trd tic dung va dién
khang thit tu nghich cia pha A; r, va x_ 14 dién tro téc dung
va dién khdng cua tu dién. _

Déi véi cac dong co dién ma s6 ranh cia méi pha khong
bang nhau (dong co dién mot pha c6 phin tir khéi dong va
mot vai déng co dién dung) khi tinh (éng trd Zg, va Zg,
phai xét dén quan hé cua céc tri s6 &, 1 va @ (xem muc 8-1).

© 2

— dA . 2

ZBI = kta[_k J ]SA +k FRAI +I‘m +
dB

2
. k ,
+ ka| ~dA RETY +k2xRA] — Xe (9-5)
L

2
k
kag

2

_ k

+ j kza(!;ﬂ} x5A+k2xRA2—xc (9-6)
dB
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Cé thé tinh dac tinh lam viéc v dudng moémen M = f(s)
theo cong thic trong cdc bing (9- 1) . (9-3). Bay gio xét
ba trudng hop sau:

1) T trudmg elip (trudng hgp chung);

2) Tix trudng tron (trudng hop dac biét thi nhét);

3) Tir trudng dap mach (trudng hop dic biét thir hai).

Tir trudng elip xuit hién & dong co dién dung trong toian
b6 pham vi hé s6 trugt tir s = 5, dén s = 1, trir lic dat duge
tr trudng quay tron do chon trude dign dung thich hop
(thudng 13 sy,); va lic ddy quén phu cia dong co dién mot
pha ¢é phdn o khéi dong 7 hodc Cy dang ndi vao mach
dién, tic 1a hé sd truot tlt 5, dé€n s = 1.

Tu trudng quay tron xudt hién trong doéng co déi xdng
(ba pha va hai pha), ciing xufit hién trong dong co dién
dung & ché d6 dinh mitc (s = 54, )}, ¢é lic xudt hién ca &
thai diém khéi dong s = 1.

Mach dién thay thé€ khi tir trudng quay trdon vi mach
dién thay th€ clia dong dién thi ty nghich giéng nhau (xem
hinh 7-1a).

Ti trudng dap mach xudt hién trong dong co dién mot
pha ¢6 phin tit khai dong lic lam viéc, lic dé dong co
dién chi c6 day quén chinh ldm viéc. Hé s6 trugt tir s = s,
dén 5 = 5,,. Mach dién thay thé& pha chinh khi tir trudng dap
mach nhu & hinh 7-2.

V6i cac dong co dién cdn phai ti€n hanh tinh toin dac
tinh v&i hé s6 trugt tir s = 5, dén s, dng véi M.

Hé s& truot khong tai s, s€ duge tinh nhu & muc 9-2.

Néu cong sudt tic dung Py tinh theo hé s6 trugt dinh
mitc chon trude khong bing céng sudt dinh mitc (Py # P
thi can phai tinh lai heé s6 trugt dinh mie (xem muc 9.2).

dm)
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Lic s = 1, khi thi€t k& pha phu thi mémen va dong dién
khéi dong ban ddu cua dong co dién mot pha duge tinh
theo cong thitc & chuong 8.

Ciéc cong thire diing dé€ tinh dong dién diy quén stato va
roto duge ghi trong bidng 9-1. Khi tinh ddng dién pha chinh
va phu cé thé ruée hét khong xét dén t6n hao sit, sau dé
trong vecto tic dung cha dong dién pha céng thém dong
dién /,; do tén hao sat gy nén (xem muc 6.2). Nl vay c6
thé don gian hoda rdt nhiéu vi giam nhe khéi lugng tinh todn.

Sau khi tinh todn dong dién pha stato cé xét dén tén hao
sat phai nghiém lai méat d6 dong dién pha A va B:

Biy gi® din ra cong thitc dong dién roto thuc té cua tir
trudmg thuan. Dong dién thit ty thudn ciia réto quy ddi sang
pha chinh:

En

ZRAI

Ipar =

ma stc dién dong thi ty thuan £, = 14,734,
trong 46 Z’¢,, 1a téng trd cha mach dién thit tr thuan;
Zpa 12 tong tré thir ti thuan cua roto.
Cé thé biéu thi dong dién roto thuc t€ clia thanh phdn
thir tu thuan thong qua dong dién roto da quy déi va dong
dién stato cung thit ty pha nhu sau:

" ‘1 mWSde szSde
RA1 ~4ARAl T 5, 5 TiRAl TS5, =
mpWekgr Zykqg
2”IWSde Z;{Al
=1, __H_]_C_,__._
Zpkar  Zpar
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trong d6: m - s6 pha cta stato (d6i véi dong co dién mot pha
va hai pha m = 2, véi dong co dién ba pha m = 3);
my = Z, 12 56 pha cla roto; R
We = 1/2 13 s8 vOng day ciia mét pha réto;
ki = k, 12 hé s6 day quén céa roto tinh theo
(2-10), khi ranh thang &, = 1;
W, - 86 vong day néi tiép cia mdot pha & stato;
k,s - hé s6 diy quén cla stato;
Z’ea1 VA Zga, - mOdun cta tdng trd mach dién va
téng trd thit ty thuan clia roto;
I, - dong dién thi ty thudn cda pha A.
Cong thic tinh dong dién roto thuc t€ thanh phin thi ty
nghich ciing c6 thé dugce dén ra theo phuong phép twong tu.
Cén ¢ vao hiéu ing nhiét ciia dong dién thit ty thuin va
nghich dé quyét dinh téng dong dién réto:

. . " 2mWsk
Iga :'\[(IRAl)Z +Upar ) =—*S_d5\11:21m +TRan
Zpkar

/ 2 , 2
_ 2mWskys {I RAI J N (I Zyaz ]
= - Al A2
Lykgr Zgal RA2

trong d6 fya, vA I,, - dong dién thd tu nghich trong réto di
quy déi sang pha A va dong dién stato.
Véi tir trudng quay tron va dap mach, dong dién roto
thuc t€ dugc coi nhir 13 mot trudng hop dac biét dé tinh.
Cin ci vio dong dién roto thyc t&€ dé xdc dinh mat do
dong dién trong thanh din cia roéto:

5 =k
S,

trong d6 S, 1a tiét dién thanh din roto.
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Cong thirc tinh céng sudt vd momen duce ghi trong
bang 9-2.

Gian dé ndng lwong & hinh 9-1 cho bi€t gquan hé giita
cac loai cong sudt trong truong hop thong thudng nhit cia
dong co mot pha khi tir truong elip.

P
Atz g2
ﬂj z ,
2 4ar'gAzfe- 4}

J !

Rty Fr *

Hinh 9-1. Gidn 6 nang lwgng dong ca dién khong dong bo
¢bng sudt nhd mat pha.

Trong gidn dé nang lwong, mot phin cong sudt ludi dua, -
vao Py tiéu hao frong stato v chuyén thinh tén hao dién
Pps, t6n hao sit P va t6n hao trong phan tir khéi dong Py

Cong sudt con lai ti stato truyén cho roto bién thanh
cong sudl dién ti tha tu thuin Py, va nghich Py, , trong d6
P, khong dii bl vio 161 hao déng réto Py, do dong dién
tht ty nghich sinh ra, phin khong dd ba 46 phii do cong
sudt dién tir thif ty thudn P, b vao (hinh 9-1). T d6, biét
duoge trong ti truong elip, moémen dién tir va cong suit trén
truc dong co dién s€ vi sy tén tai clia tic trudng nghich ma
giam di. Téng céng suft co weén truc Py bing cong suit
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dién tir con lai sau Khi trit di t8n hao déng réto Py, do
dong dién thit ty thudn gay nén. Néu 14y téng cdng sudt co
trén truc tr di tén hao co P, va tén hao phu P; thi dugc
cong suit tic dung diu truc Py, Trong tinh trang tir trudng
elip, do cong sudt tdc dung giam di va cong sudt dua vao
tang lén, hiéu suft cia dong co s€ thap di so vdi tinh trang
tir trudng quay tron.

Béang 9-3 cho cidc ¢bng thire tinh hiév sudt, hé s6 cong
sufit va dién dp phin tir dich pha.

9 2. Tinh todn hé so truot khong va1 va xdc dinh hé
0 trugt dinh mic

D¢ tinh trang thdi khéng tai thuc t€, trude hét cin xdc
dinh hé s8 trugt s, & trang thdi nay.

Xdc dinh s, bing gidi tich 12 mot viéc khé khin, nhit 12
d6i v6i dong co mot pha, vi vay nén dung phuong phép do thi.
Phuong phdp nay dua vao cong sudt dién tir ldc khong tai:

Pdtochitoso"*'P +Pf
PCO + Pf

(9-44)
1-s,

hodc Pyo =

Do trong khoang hé s6 trugt nho Py, = f(s) 12 moét dudng
thing, vi vay khi kéo dii dung thing nay dén s = 0 thi
hé s6 trugt ung v6i giao diém cha dudng ndy véi duong
Fo + 5

1 -3
khong tai déng bo, cong suit dién tir 12 4m, vé tri s6 bang
c6ng sudt thit tu nghich:

—2 % ={(s)v€ trén cling d6 thi 14 5,. Khi s = 0 tic 1a khi

1. - .
Piato =Farz = "'Z'ISA TRAZ (9-45)
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Bdng 9-1. Tinh tean dong dién ciia ddy qudn stato va réto

Tén céc Tt trudng elip Tir trudng trén ~ Tu trudng dap mach
dong dién {truang hgp chung) _(trudng hop dac biét thr nhat) | (trwdng hgp dac biét tht hai)
1 2 3 4

Déng dién pha
chinh khéng xét
dén tdn hao sét

In=la+ig=n+/1;

=/,el? (9-7)

/ay ¥ Iyp x&c dinh theo cong
thire (9-1) va (9-2}

=ra+ /1 =12 (9-8)

Z, tinh theo ¢ong thae (7-1) va
(7-6)

N
/A1=/A2=EIA {9-9)
o

Iy =24 =—-21—
AR 2+ 2y
=l + j 15 = 1pel®A

Zpg va Zpo tinh theo cong
thire (7-1) va (7-8)

Déng dién pha
chinh ¢ xét
dén tén hao sat

T =Un+Ipc)+ 1 1en + /7 = Igp®

{9-10)

/£yc tinh theo céng thire
(6-14), (6-16)

/¢ tinh theo cong thire {6-13)

/re tinh theo céng thic (6-18),
(6-19) :

Ddng dién pha
phu khang xét
dén t6n hao sat

fo=loy+lyy =ty +j g =

Sl _Jhaa g e
= —_——=/pge
Kk °

. / .
Iy =j -2 = 1gel?e
B=/ PR




Bdng 9-1 (tiép theo)

1

9

4

Dang dién pha
phu c6 x&t dén
tén hao sat

fsg={1g +foch+ / fsg =

= Jsg + J o = fepe'®® (9-13)

. .k i
"SB=J"%'="SB5WB (9-14)

Dong dién day

lg=lgp +igg =
="+ B =kel® (9-15)

., . , .1
’S=’SA+’SB=’SA(7+J"?)=

Is = Isp =Igpe'®A

=14+ jif = Igel® (9-16)
2mWskes 2 2Wsk s 2t
. J L S7dS  ZRA1 917 fraa=1y - SIS RAY 9-18
Dong dignthe | AT AN Z ke Zray (9-17) R A e ker Zrad (5-18)
tiy thuan thyc t&
clia réto JERY: Zpat tinh theo cdng thite (7-2}
Zoni = [ﬂ} e
s ,
Ziay tinh theo (7-2)
2mWskys 25 2Wakqs ¥
fong = fpy ———STHSCRAL (g 49 2o =, SVSRASCRAD
Dongdienthit | 7 M2 ZpkamZanz &19) R A A

ty nghich thue
t€ clia roto

2
ZRAZ = (;i‘ks) +X§_A

Zhaq tinh theo (7-8)

Zppp tinh theo cong thirc (7-8)
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Bdng 9-1 (1iép thew,

(trudng hop dic bigt thir nhat)

1 2 3 4 i
dng di :
aqrégté 'fl’:]a o = 2mWykys = 2m¥ ks /I Zia = L
Foto Zrkr ZRkR " Zra Zpker
r 2 r 2 . (9-22) i 2 T 2
[/m ZRA1J +{/A2 ZRAZ] i </ {Zm] +[ZRA2]
ZRat Zra2 Zap = (i“;) + 147 ZRat ZRa
(9-21) s (9-23)
Bdng 9-2. Tinh todn céng sudt vié momen
1 2 3 4
Tén T truéng elip (trudng hop chung) Tit truétng quay trén Tir tru¢ng dap mach

(trréng hgp dac biét thir hai)

Céng sudt dién
ter, W

Fan=Far—Faz =
YiRnt - 2 olins (9-24)

fiaq YA fipg tinh theo (7-3)

Py=miigs  (9-25)
#ap finh theo {7-3}

Fa = Fon—Fae =
12, ,
EI.E(’RA‘I —Raz) (9-26)

RRpq VA fRap ltinh theo (7-3)

G.cm

Mémen dién trr,

97 4-10°
dt =

“rat
g

{9-27)

I—




Bdng 9-2 (tiép theo)

1 2 ] 3 4 |
Téng cong sudt R = Pyl1-5) {9-28)
cg, W
Cong sust co Pi=Pla— PP - (9-29)
tac dung, W P, tinh theo (6-20), (6-21), (6-22), (6-23); A, tinh theo (6-23)
Moémen tac o74.102 )
dung. G.cm = ndbﬂ—s')'lR (9-30)

Téng tén hao,

ZP= Pt Pt Pt Py (Pt Pyt Py {9-31)

ZPz= Pt Pont Pt Py + P

Py tinh theo (6-27) | A,¢ tinh theo (6-28)

Pyq tinh theo (6-29), (6-32)

.

Fos = Prt Fos + A + Fr + P(F)
P.(P.} tinh theo {6-30) va (6-31)

(9-33)

TCéng suat dua
vao, W

Pgs tinh theo (6'23)
PDS tinh theo {6'28)
A, tinh theo (6-9) + (6-12)

P, tinh theo (6-24)
Py tinh theo (6-29)
P, inh theo (6-9) + (6-11)

Fo= Pat P+ B+ Pr (0-34)

B¢ tinh theo {6-25)
Py tinh theo (6-29)
P; linh theo (6-9), (6-2)
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Bdng 9-3. Tinh todn hiéu sudt, cosg va dién dp phdn (i dich pha

Tén Tir trudng elip Tir trudng quay tron Tir trwdng dap mach
(trudng hap chung) {trudng hop dac bigt thir nhat) (tridng hgp dac bigt thr hai)
Higu su&t
; 7=22 (935), néun<05hoicy=1-22 (9-39)
& A
He s cong suat A
ca pha chinh COS @ =K (9-37)
Hé s3 céing suat | i
cita pha phy COS#’B:E; (9-38)
Hé s6 cong suét X
t6ng COS(D:i (9-39) COS @ =CO5 Py
pién ap lc}iay quan Ug = fsp1Zm1 + fsm24B2 (8-40)
phu
Ug=lspZg {9-41)
Dién &p phén L Vdi dong co dién dung Up =/opde (9-42) 4
dich ph
Ich pha Ug =Up i+ A (9-43)

Ghi chir: V&1 dong co ba pha sirdung cdc cong thire tinh todn cho tir truong quay tron trong doé
khong bao gédm cdc céng thite tinh pha phu tir (9-12) dén (9-16).



Khi s = 0 tham s6 cia mach dién thay thé pha A c6 thé
tinh thed céng thic (7-3) va (7-4) va ding phuong phdp
xdc dinh bién s6 dé tinh.

Trong trudng hop ndy, dién tré tic dung cia mach
nhanh thit tu thuln r'g,, = 0. Dién khdng mach nhdnh thu
ty thuan:

. X'rat = Xpa (9-46)

Dién tr& tdc dung thit tw nghich:

Tnr = (9-47)
(ER—A'] +(Xma + xRA )
2
Dién khdng mach nhdnh thit tw nghich:

RA
Xma N T XmAYRA (Xma + XRA)
XRraz = (9-48)

2
(J&J + (—"mA +Xga )2

2

D6i voi déng co dién mot pha ¢6 phidn tir khai dong,
dong dién Is, trong cong thic (9-45) c6 thé tinh theo cong
thifc (9-9) hay (9-10). con d6i véi dong co dién dung thi
_tinh theo cong thic (9-7) hodc (9-10).

Dé c6 thé ding phuong phap dé thi tinh ra hé s trugt s,
* c¢ln phdi tim ra dong dién khong tai va cong sufit khong tai
theo loai dong co dién va dac tinh cla ti trudong.

Vi h¢ s6 trugt dinh mic chor ban déun s,, va cong suit
dinh mic cho P4, khong chdc phi hgp véi nhau nén cé
thé diing hé s& trugt khong tai thuc t€ di tim ra s, dé hiéu
dinh s,,,.

151



7 P
AV
A
A //*’I
V' ¥ |
 V 1
1., N
% -
v 1
rd
2, :
;14:,/ PC:’O'_+P£
p [ L 11354
1¢ : Ad'm

Hiph §-2, D6 thj ding 8¢ xac dinh s, va tinh hé 4 trugt tai s,

Do quan h¢ gilta cong sudt tic dung véi hé s6 truot
Py = f(s) trong khoing hé s6 trugt tlt s, d€n s,, 14 mot
dudmg thang (hinh 9-2) nén hé s& truot dinh mic thuc t& ¢é
thé tinh theo céng thifc:

Pdm
Pim

It

S dm (Sgm —So) 5, (9-49"

trong 46 Pgy.la cong sudt tdc dung ung vt hé s6 truot dinh
mitc chon trudc s,
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Chiwong 10. MACH DIEN NOI THANH MOT PHA
cUA DONG CO DIEN BA PHA

10.1. Dai cuong

Dong co dién khong déng bo ba pha cé thé lam viéc
trong luéi dién mot pha ma khong cén thay déi két céu va
s6 lwong day quéin. Cach thirc 1am viéc ¢6 thé 1a:

1) Mot pha lam viéc bang dién dung;

2) Mot pha khéi dong bing dién dung;

3) Mot pha khdi dong bang dién tré.

Mach dién ddu day thuong ding nhat cua cdc dong co
dién trén nhu hinh 10-1. Trong cdc mach dién dau day
trén, dem day quin hai pha (dudi véi dudi) ndi tiép dé lam
thanh day qudn pha A, con pha thit ba 1am thanh pha phu B.
C6 thé thiét k& dic biét dong co dién khéng déng bo cong
sudt nho vira lam viéc & ludi dién ba pha vira lam viéc ¢
lugi dién mot pha. Nhung chi khi nio chon cdc tham s&
clia mach dién thay thé va cdc tri s6 cha phén tir khoi dong
mot cich hop 19, déng thoi ohitng dong co dién dac biét
nay dat dwoc tinh ning lam vigc va khoi dong t6t thi tinh
thong dung 4y mdi kinh t&.

Do trong tir trudng dgng co dién mét pha c¢6 nhiéu thanh
phin séng bac 3, vi vay loai dong co dién dic biét nay phai
¢6 day quén hai 16p buée ngdn 1/3 dé tranh 1am cho dudng
momen gidm xuéng. Hién tuong nay thé hién ré khi
mémen khai dong rit nho va déng dién khai dong 16n (tic
la mach dién c6 dién tré khai dong).



Néu ldy céng suit tic dung ctia dong co dién ba pha la
100% thi véi ciing mot kich thude cé thé thiét k& dong co
dién lam viéc bang dién dung véi cong suat binh quan
bing 65 d€n 70%, con v6i dong co dién mot pha cé day
quin khdi dong ngdt ra c6ng suidt d6 bing 35 dén 45%
cobng sudt miy ba pha. Cé nhu vdy dong co dlen mgi dat
duge niang luc qud tai vira y.

Néu xét dén quan hé tuyén tinh cla dic tinh mémen M
= f(s) trong pham vi lam viéc (tir & = 5, dén s5_) thi mémen
va hé s8 truot dinh miftc cla déng co dau thinh mach mot
pha ¢6 thé ¢6 quan hé sau:

1) Véi dong co dién lam viéc bing dién dung :

M gan = (0,65 ... 0.7 My
2) Véi dong co dién mét pha c6 day quin khoi dﬁng ngat ra:
My = (0,35 ... 0,45) My

3(2)

2 P P
100 2. .
4

Mfmﬂ” -
”d’ .
A0 4

%z’id‘ng‘ 4¢‘mza‘mr Amm

Hinh 10-1. Quan hé gia momen (tir 5= 0 d&n 5= 5.} vdi hé s trugt
dong co dién ba pha khi ddu khac nhau.
1- mach ba pha; 2- mach dién dung; 3- mach c6 phan tr khai déng

{r hay &).
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Ky hiéu ghi & duéi (111, I1, 1) trong cong thic tuong dng
vl dong co dién ba pha, dong co dién dung va déng co
mdt pha. Hinh 10-1 14 dudng M = f(s) cha ba loai ddng co
ba pha, mot pha lam viéc bing dién dung va mot pha co
dién dung hay dién tr&é khdi dong (hé s6 truot trong khodng
s, dén s,,).

10.2. Tham sé mach dién thay thé cia dong co dién
hai pha dan xuit tir dong co dién ba pha

S6 liéu ban dau chon phan tir phu 13 tham s6 tinh todn
hay tham s& thuc nghiém cta mach dién thay thé déng co
di¢n ba pha:

r, va x, 1a dién tr& va dién khdng coa mot pha day quan stato;

g Vil Xz dién tré va dién khdng day quédn roto dd quy déi
sang stato;

x,, la dién khing twong Ung véi tir trudng khe hé khong khi.

C6 thé nghién citu mach dién ddu thanh moét pha cia
dong co dién ba pha bing phuong phdp thanh phin déi
xitng cua dong co dién hai pha.

Khi dong co dién ba pha ddu thanh hai pha thi ty s6
bién 4p bing:

p=Vekoy 1 (10-1)
Wakaa 43

Khi dem s6 pha quy déi sang déng co dién hai pha ( m
= 2) va s8 vong day quy déi sang day quin lam viéc A thi
hé s& quy déi cha tr& khang roto bing:

my W kaa)* A( _2W, koa)? _

k 12 2=
mu (Wekeg)?  3(Wykep)?

2 (10-2)

trong dé my; v my;; 14 50 pha mdy dién hai pha va ba pha.
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Tham s& mach dién thay thé pha A:

rsa = 2rg 1a dién trd tic dung pha A;

Xga = 2x¢12 dién khdng pha A;

Fra = k122 rg = 2rg 12 dién trd tic dung cla roto quy déi
sang s& pha va s& vong diy cua pha A;

Xpa = %xm = 3x,, 14 dién khing tir héa quy d8i sang

k

day quéin pha A, _

Xga = 2xg la dién tré roto quy doi sang day quén stato
(pha A).

Tham s mach dién thay th& pha B:

Isg = Fs VA Xgg = Xg - dién trd tic dung va dién khéng pha B;

1 C e 0 e .,
Fag = k7rga = 3= 37 la dién trd tdc dung roto cha
pha B;

5 1 : .
Xgp = K Xga = ngA = %xR 12 dién khédng roéto cua pha B.

Mach dién thay thé cia
déng co dién ba pha lic
lam viéc mot pha nhu &
hinh 10-2.

Giéng nhu dong co
dién moét pha, tr& khing Zp Z,
mach dién thi tu thuén '
clia mot pha ¢6 thé tinh
theo céng thic (7-3) va
(7-4). Dién trd tac dung
cua mach dién thi ty

Hinh 10-2. Mach dién thay thé clia dong

nghich Tear VA dien " wen this ty thuan pha 4 va & dong co
khdng 1'pae €6 thE tinh  mot pha cai tao 1y dong co dign ba pha.

Lalny

U;;‘Ki’? ' Zg

&4
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theo (7-3) va (7-4) nhung thay s bing 2s, trong dé:
, I, ) .
gt = 5” RA> - P RrE2 T a’r RAZ
, 1 ) )
X rpt = 'é'xram; X Rrp2 = ;X RA2
Déi v6i dong co dién hai pha din xuit tir dong co dién
ba pha, téng tr& mach dién thay thé thi tw thuan va nghich
pha A va B nhu sau: ‘
Zy = rar i = Qrs + Prad) #J2% 4 Xra) (10-3)
Zps = ras ¥ Jxps = (2rs + 'raz) + J(2x5 + pas) (10-4)

. 1, . 1,
Zgy = rp +jxp = (s + 5"' rat 1) jlas + E’;X rat — X
(10-5)

, . 1, . 1,
Zg=rg + jxg = (rs + 5" raz + Fp) + Jlxg + gx RA2 — Xc)

. (10-6)
Téng trd mach dién thay th€ thi tu thuan va nghich cta
pha B tinh theo céng thic (10-5) va (10-6) bao gém ca
tong trd clia phdn tit phu (khoi dong).
Phuong phap tinh phdn tr phu va dic tinh lam viéc ¢6
quan hé dén loai dong co dién va s€ dugc nédi dén & cic
muc sau.

10.3. Dong co dién dién dung

Dién dung lam viée cla déng co dién dung C, duge tinh
& ché d6 dinh mic, tic 14 54, = (0,65 ... 0,7)84m VOI didu
kién dat dugc tir trudng quay tron. Vi diéu kién nay, dién
dung cta dong co dién dién dung va ty s6 bién dp cd thé
tinh theo (8-15), (8-17) va (8-18). Nhung vé&i dong co ba
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pha d6i thanh dong co dién dung, ty s6 bién dp da dinh la
k=1/43. Vi vay khi sit dung dién dung (khong cé ry) lam
phén it phu thi & s, khong thé dat duge tir trudng quay
tron, do d6 ¢6 thé theo trinh tu sau day dé chon dién dung
lam viéc cua dong co dién dién dung va tinh todn dic tinh
lam viéc.

1. Theo cdc cong thifc sau tinh dién khdng va dién dung

3 1 , 1
|xeo| = kg + kxyy = E(FSA + 7 Ral) E(J‘SA + Xgat) =

1 , 1 .
= f(zrs*' Frat) + 5‘(2-’53'*')5 RAI) (10-7)
6
C, = 10 (10-8)
279“'va

2. Xét dén trong pha B thém dién khing x., , theo céng
thitc (10-3) dén (10-6) tinh cédc tham s& Z,,, Z74,, Z'5, va
Zg VOI 5400 = (0,65 dén 0,7)s,- C6 thé xdc dinh s,
theo cdc s6 liéu ghi trén nhdn mdy.

3. Theo cong thifc (9-1) va (9-2) tinh ra dong dién thir
tu thudn va nghich dé tién phdn dodn do elip cia tir trudng.

4) Né&u 46 elip cua tir trudng rit 16n (dong dién thit tu
nghich I,, rat 16n}, phai c¢in c vao tir trudng elip dé tinh
dic tinh lam viéc M, P, I, cosg, 1, s = f(Py).

Trong truéng hop doé, moémen djnh mitc cua dong co
dién c6 thé tinh theo (9-24) va (9-27), trong dé tham s&
cta mach dién thay th€ theo sy, = (0,65 + 0,7)s4,u-

Né&u moémen dinh mfc tinh duge nhd hon (0,65 ... 0,7)
Mg thi phéi chon lai dién dung, déng thoi tinh todn lai
céc tham s8 mach dién thay thé & s, va M, .
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Ning luc qud tdi cua dong co dién dién dung chi dugc
xdc dinh chinh xdc sau khi tinh xong dac tinh co.

Khi dién dung chon dugc c¢é thé bio dim dong co cé tix
trudng gin tron & bat cit ché do lam viéc nao thi momen
dugce tinh theo céng thire sau:

7 97.4
M[I —g_i 21}\ RA =— 2('\6(]}2)(
Ryp Hgb
_ rh 584U 1
% ; o . 2 2 R? (10-9)
(rsp +rga) +(xga +xpa )" Ngp(ra +x4)

Vily,=Ug=U,= xEU, nén trong cong thifc trén:
Us  Bu
ViR+xl riedd

. D&i v6i dong cq.dién dung cai tao t¥ dong co dién ba
" pha, néu trong pha phiu ¢6 néi dién dung va dién trd phu thi
khi s = (0 65 ... 0 7)Sdmm c6 thé duge tr trudng tron,

I, =

D6 thi vecto dong ca'dien dung c6 dién dung Cy va dién
' trér 7y khi tir trudng.quay tron nhu & hinh 8.3. Trong trudomg
hop dé, dién trd phu tinh theo cong thic (8-22): do k =

1/+/3 nén khi r, =0 dién trd phu bing:

e =xak=r k‘?‘:mﬁm— iO-lO
t ALK =74 NG 3 ( )
Pién dung coa tu dién theo (8-17):
x r
o =kPxy +AT, = 2AL L CAL 10-11
Al Al 3 73 ( )

Khi $gpmr = (0,65 ... 0,7)84410, ch€ d0 dinh miic cila dong
co dugce tinh theo tir truong quay tron. Dong dién khéi
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dong va momen khai dong dong co lam viéc bing dién
dung dugce tinh theo cong thic (9-15), (9-24) va (9-27) véi
diéu kién tr truong elipva s = 1.

Trong thuc t&€ st dung hién nay, c6é thé chon mot tri s&
dién dung lam viéc cho déng c¢o ba pha cai tao thanh mét
pha 1am viéc bing dién dung theo coéng thitc kinh nghiém
Sau:

v

i
C,=k-L | 4F 10-12)
u A (

7 trong d6 I 12 dong dién pha dinh miic cha dong co dién ba pha;
Ula dién ap ludi ma dong co dién dung s& lam viéc ;
k 12 hé s6 phu thudc vao so do ddu day.

(3 tan 6 50 Hz, tri s6 k vA dién 4p trén tu U, nhu sau:

So d6 ddu day k U,V
theo hinh
1d 2800 1,150
1e 1600 2U
2b 2800 U
2c 4800 U

10.4. Pong co mot pha khéi dgng bing dién dung

Trong mach dién mot pha, dong co ba pha d6i thanh
loai khdi dong béng dién dung (xem hinh 1b), do déng co
khi 1am viéc ngit pha phu nén chi ¢é tham sé cha pha
chinh quyét dinh dic tinh lam viéc cia dong co.

Trong mach dién dang xét, céng thic tinh dic tinh lam
vigc cua doéng co dién cing gidng nhu cdc céng thic
chuyén d¢€ tinh dong co mot pha khéi dong biing digén dung
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(xem cong thite dung cho tir trudng dap mach trong bang
9-1,9-3).

Trong trudng hop nay, v6i sgm = (0,35 ... 0,45) 545y ma
momen dinh mic My, > (0,35 ... 0,45) My thi c6 thé coi
dic tinh 1am viéc cla dong co mOt pha cai tao tir dong co
ba pha 1a t&t. _

Momen cuc dai phai x4p x1 mémen cyc dai ciia dong co
mot pha khéi dong bing dién dung thiét k€ riéng. Con dic
tinh kh&i dong thi phu thuéce vao phin tir phu (dién dung).
bién dung C, duge tinh theo céng thic trong bang 8-1 véi

yéu ciu cuoa thiét ké.
- Trong thyc t€ sit dung hién nay, d6i v6i dong co ba pha
cai tao thanh mét pha cé dién dung khdi dong thi tu khoi
dong C, dugc ldy bing:

C,=(2,5..3)Cy, uF ((10-13)
~trong d6 Cy dugc tinh theo cong thirc (10-12).

Khi d6 mémen khéi dong gin bing mémen dinh mic
cua dong co ba pha.

10.5. Dong co dién mot pha khéi dong bing dién tré

bic tinh lam viéc cia déng co mét pha khdi dong bing
dién tr& ddu lai tir déng co ba pha ciing ging nhu dic tinh
coa dong co khdi dong bing dién dung. Khi dong co lam
viéc c6 tir truong dap mach, dic tinh [am viéc duge tinh
theo cong thite (9-1) ... (9-3), con dac tinh khéi dong duge
xdc dinh theo diéu kién néu trong muc 8-4 (xem bang 8-2).
Hién nay trong diy dong co cong suft nhd cia Nga cé ché
tao loai déng co thong dung cho cid ba pha vd mét dién
dung kiéu VAT v6i cong suft ba pha tir 1,2 dén 70 W va
khi lam viéc mét pha tir 1 dén 50 W.

161



Chuong 11. MOT SO DAC DIEM VE KET CAU cUA
DONG CO DIEN KHONG DONG BO CONG SUAT NHO

Do trang bi truyén dong c¢é anh hudng rat ién dén két
ciu mdy dién nén dic diém cla mdy dién nho la s6 kiéu,
két cdu va loai mdy dén xudt rdt nhiéu.

Can ¢ vao yéu cdu ky thuit, dong co khong déng bo
cbng sudt nho c6 thé thi€t k& thanh nhitng kiéu két cau sau:
kiéu kin, ki€u bao vé, kiéu hd, trong d6 kiéu hd it dugc
diing nhit.

9) 4 €)

Hinh 11-1. Thong gib ty lam mat biing quat.
a) hudng truc; b) hudng kinh; ¢) thdi ngoai vé may.

Khi két cdu dong co cdn tinh dé€n hé thdng thong gid
cua miy. Vé6i dong, cd nho thudng ding cic kiéu thong gié
sau: 1) 1Am mat ty nhién (khéng cé quat); 2) trong méy
dién ¢6 cdnh quat dé ty théng gié (hinh 1i-la va b);
3) thong gidé nh& quat dat ngoai may (hinh 11-1 ¢).

Can cu vao chiéu ludng gi6é do két cdu mdy quyét dinh,
hé¢ théng thong gié phéan ra lam hai loai: huéng kinh va
huéng truc. Ngoai ra, dya vao dic diém lam viéc cla quat
gi6, ¢6 thé phan hé théng thong gié thanh loai quat hiit va
loai quat ddy. Khi ding théng gié kifu ddy, khong khi
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ngudi ti€p xic véi cdnh quat trude, do tén hao cia quat ma
kheng khi néng lén trude khi qua may. Khi ding kiéu hiit
thi khéng khi lanh truc ti€p qua mdy truée khi dén quat.
Pong co kiéu kin diing: phuong phdp lam mét tw nhién va
thong gié nhd quat ngodi. '

Trong kiéu bao vé, kiéu hd thi diung kiéu théng gié tu
nhién hay thong gié tu lam mat.

Khi chon kiéu két cdu doéng co cong suflt nhd cdn phai
-xét dén nhitng diém sau:

1) Diéu kién l1am viéc ciia dong co thiét k& trong trang
bi truyén dong di cho, tic 12 biét rd cdn loai két cdu ndo.

2) Néu yéu cdu dong co it tiéng 6n thi thudng ding kiéu
kin. : :

3) Su han ché vé€ kich thuéc dong co d6i véi toan bo
truyén dong co khi.

4) Khi khich hang dat yéu cdu la nhiét d6 mat ngoai
cua dong co tuong d6i thép.

T4t nhién nhiing diém trén ciing khong phdi 1a nhiing
y€u t& chinh quyé&t dinh toan bo két cdu clia mdy.

Thiét k€ dong co khéng thé déng thoi thda min hoan
toan yéu cdu vé€ kich thuéc nhoé ma it ti€ng 6n, vi véi dong
co doi hoi it ti€ng on thi phadi gidm mat do tir thong khe hé
khong khi Bs , déng thoi khong trang bi quat gié (d6 1a
nguén chit y€u sinh ra ti€ng 6n), vi vay kich thuéc clia miy
phai tang lén. Trén thyc t€ ciing khong thé thda min déng
thoi ca hai yéu cdu néi trén véi yéu cdu vé nhiét d6 mat
ngoai thdp. Tuy vy dong co nhd ki€u kin trén thuc t& it
‘tiéng 6n hon gdc loai khic.

Yéu cdu vé it ti€ng 6n anh hudng dén kich thuée hinh
hoc bén trong mdy: quyét dinh sy ph&i hop rinh stato va
1010 Zg/Zy, 4p dung ranh nghiéng, cong nghé ché tao (yéu
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cu ép chit 18i sét stato mot cdch chéc chén, 13 thép khong
ba via, khe hd khong khi that déu, do long doc truc va
ngang tryc cla roto giam dén mic thip nhit), ciing nhu k&t
ciu dong co (dung kiéu kin va & bac d3). T trudng quay
tron thi ti€ng 6n ciing it hon.

b6 6n trong dong co cong suit nhé thudong phai nho
hon 70 dB. ‘

C6 thé khi thoa man mét yéu cdu nay thi khong thé thoa
min duge yéu cdu khdc, vi viy dé c6 thé théa min déng
thdi nhiéu yéu cdu, khi thiét k& phai dung phuong phap
loai dén. .

Két cdu phé bién nhit hién nay déi véi déng co khong
d6ng bo coéng sudt nho loai thudng ding 12 kiéu kin cé
quat gi6 vi kin lam mat ty nhién.

Trong nhiéu trudong hop dong co khéng cdn cé quat
riéng, vi du:

1) Trong ché€ d6 lam viéc ngan han hay ngén han 13p lai
tic dung cla quat rdt han ché;

2) Khi dong co dién kéo co cdu quay, do co cdu dé khi
quay tao duge diéu kién phu lam mdt déng co, tic 13 tao ra
diéu kién 1am mat mat ngodi vo may v.v...

Sau day s&€ gidi thiéu diy dong co dién céng sudt nhod
md&i cia Nga la diy 4A4. Day niy dugc ché tao theo kiéu
kin v&i cip bao vé IP44, v6i céc chiéu cao tam truc H 1a
50, 56, 63, 71 mm, két cdu vo va ndp déu bing nhom (ky
hiéu 44A) ho#ic vd nhom nip gang (ky hieu 44X), d6i véi
dong co ba pha thi dai cong sudt 1a tir 40 W dén 1100 W;
v6i dong co dién dung 4AAT va 4AXI" va dong co dién cé
dién dung lam viéc va khai dong 4AAYT va 4XYT thi dai
cbéng sudt 1a tir 120 W dén 750 W d6i véi téc do déng bo
ng = 3000 vg/ph va tir 90 W dén 550 W d6i véi toc do
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déng bo ng, = 1500 vg/ph; véi déng co dién khoi dong
bing dién trd 4AAE, 4AXE va khoi dong bang dién dung
4AAY, 4AXY thi dai cong suat d6 tir 90 dén 550 W v6i ng, =
3000 vg/ph va 60 + 370 W véi ng, = 1500 vg/ph.

J s z
&

o e s 7

NN
i) f

5 o EAIT]

1+v—-—» jEr—" — —_— 2

HoeL ]

foe

L34

a)

Hinh 17-2. K&t ¢4u (&) va hinh dang bén ngoai (&) clia déng co dien
4AAS0B2 (4AA50B4).
1- 15i sat siato; 2- day quén stalo; 3- rto, 4, 8- nip;
5-truc; 7- canh qual.
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Cin cif vio yéu cu 1dp dat cdc trang bt truyén déng ma
¢hé tao thanh kiéu nim hay ding. Dong co dién c6 thé vira
cé chan vira ¢6 mit bich hodc chi c¢é mat bich. DBong co
dién c6 thé néi véi cdc thiét bi khic bang khop néi hay
puli kéo day curoa.

K&t cdu cua dong co cong suit nhé diy 4AA nhu & hinh
11-2. Loi sit ciia diy 4AA dugc lam bang thép ky thuit
dién cdn ngudi 2013, cich dién cdp B, cich dién rinh [a
mang mong biang polyetylen ddn trén gidy cdch dién diy
0,2 mm, day quin mot 16p, cdnh quat, nip quat gié va hop
d4u day ra lam bang nhya. '
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Churong 12. TINH TOAN NHIET DPONG CO DIEN
KHONG PONG BO CONG SUAT NHO KIEU KiN

12.1. Phuong phap tinh toan nhiét

Do su phian b8 nhiét lugng va sir tAn nhiét thuc t& rit
phitc tap nén tinh todn nhiét dong co cong sust nhod it khé
khin. Phuong phdp tinh nhiét déng eo ¢ trung khong thé
truc tiép ding cho may nho. ' :

D6i v6i dong co khong dong bo cong sudt nhd kiéu kin
lam viéc & ché do lién tuc, ¢6 thé ding phuong phép so d6
nhiét va tén hao twong duong dé tinh.

Phuong phdp so dé nhiét dua trén co s& dinh luat vé
truyén nhiét va tuong ty nhu dinh luat Ohm trong mach
dién. Phuong phdp tén hao tuong duong xét dén céc phin
t6n hao 1am cho day quén phat néng v diung hé s tuong
ing dé tinh do tang nhiét clha day quin.

Dé xdc dinh d6 ting nhiét én dinh @ clia day quén stato,
truée hét phai tim ra nhiét trd Rg clia mdy dién va tén hao
tuong duong P

=Rz P, (12-1)

Quan hé giita tén hao twong dwong véi tén hao thuc t&
nhu sau: '

Py = Pps + ke Pr + keoPror + kP (12-2)
trong d6 kg, kc,, k¢ 12 cdc hé 56 ¢6 quan hé véi tén hao.

Khi tinh todn nhiét thudng khong xét dén tén hao co.

Hé s6 t6n hao va nhiét tré cia midy dién Rpg duoc Xdc
dinh theo thuc nghiém bang miu this.

167



Ding phuong phdp tén hao tuwong duong d€ tinh todn
nhiét cia didy mdy dién cing cé gid tri vi hé s6 thuc
nghiém cé thé x4c dinh dugc dva vao két qua thi nghiém
mét s& miu thit hitu han.

Phuong phép so dé nhiét tuong duong cé thé ding cho
nhimg déng co dién hién cé va cing cé thé dang cho
nhiing dong co dién dang thiét ké. Dung phuong phip nay
c6 thé tinh ra d6 ting nhiét cia cdc bd phin mdy dién vi
vay trong khi thi€t k& c6 thé dung dé chon mot céch chinh
xé4c quan h¢ gia cdc muc tén hao va tri s6 cua nhiét tré.

Do mach nhiét vA mach dién cé nhing dic diém tuong
tw cho nén d¢ tién phén tich va trinh bay, sau day-s€ dan ra
khii niém "nguén tén hao". Mbi ngudn tao ra nhiét thé la
ham s6 cha tén hao. _

Céng thirc co ban cla so dé nhiét thay thé nhu sau:

V=0R, ' (12-3)
trong d6 V la nhiét thé sinh ra dong nhiét tuong dng véi
nhiét gidng trong phdn tir d6, °C;

Q 1a dong nhiét qua phéiri tir, W

R, 1a nhiét tr&, °C/W.

Khi v& so d6 nhiét twong duong, ngudi ta gia thiét:

1. Phdn ddu néi cia day quén khéng truyén nhiét vio
moi trudng bén trong dong co.

2. Toian b6 tén hao cha roto déu khuéch tdn vao méi
trudng trong dong co dién sau khi truyén cho nap va vo.

3. Ngoai t6n hao quat gié, tdt ca nhitng tén hao ma sét
déu c6 thé coi 1a tén hao ma sét cia khéng khi trong noi
bo mdy dién va khi tinh mach dién thay th€ thi céng vio
trong tén hao réto.
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Tinh todn nhiét theo so d6 nhiét thay thé la-loi dung
cong thirc kinh nghiém xdc dinh nhiét d9 clia vo va dién
tr& clia mach nhiét tuong duong va ding phuong phdp tiém
can xdc dinh ¢¢ ting nhiét clla cdc bd phin trong mdy
dién. Trinh tu tinh todn s& duge gidi thidu & muc sau.

Déi v6i dong co d6i xiing (ba pha, hai pha) va may dién
moét pha c6 ché do 1am viée lién tuc, tinh theo cong thirc
xdc dinh nhiét do vé may ta c6 thé thu duge ket qud tot.

D6i véi dong co d6i xiing cé thé ding phuong phép tinh
todn nhiét tré v¥so d6 nhiét tuong duong, nhung déi véi
doéng co mot pha thi phuong phdp nay dang & giai doan
hiéu chinh. '

4— e
B e
= 7 ;% :3,1;;’ F(E*‘; anslp,,
LH IJ_l 'ml ﬂl

Q) ' 4

Hinp 12-1. Kich thudc dang dé tinh nhigt dong co dién kiéu kin.
a) 1am ngudi bang quat; b) 1am ngudi tu nhién.

Chuong ndy néu céch tinh todn nhiét déi véi dong co
kiéu kin c6 quat gié va kiéu kin tu lam nguéi (hinh 12-1).
So d6 nhiét nhu & hinh 12-2.

Mudén dam bao cho dong co dién cé do tang nhiét cho
phép, cén phai chi ¥ chon chinh x4c tai dién tir. Cdch chon
tai dién tir (Bs, A, J) dd duge dé cap dén 6 muc 1.2. D6 1a
nhing s6 hiéu diic két tir nhiéu thi nghiém mdy dién da ché
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tao. Do két cAu mdy dién nho cé nhiéu loai, nhiéu dang
nén khong thé xic dinh duge do6 ting nhiét miy dién theo
phuong phép tinh todn cho moi trudng hop ma doi khi con
phai théng qua thi nghiém dé kiém ching.

¥as
744

Hinh 12-2. Sa 86 nhigt thay thé. Vs, Vi

I - nhiét thé cda ngudn nhigl do tén hae déng stato, réto, tén hao
sat stato sinh ra. &, - nhiét trd cia nap may, Rs - nhiét trd khe hd
khang khi; R, - nhit trd clia v0; Rg- nhiét trd khe hd gila vo vdi 16i
sét stato. Ry, - nhiél trd & phén rang vi 1dn hao déng stato; A, - nhit
trd & 16i sat stato; R, - nhiét trd cla cach dign ranh; @, Q,, &, Qs-
dong nhigt cac bo phan; 6, - & tang nhiét cla day qudn & gita ranh.

170



12.2. Tinh to4n nhiét cua dong co khong déng bo
cong suit nho ba pha lam viéc theo ché do lién tuc

S8 liéu ban déu dé tinh todn nhiét déng co céng suit
nho la:

1y Kich thuéc dong co (hinh 12-1): D, va D - dudng kinh
ngoai va trong stato, cm; / - chiéu dai 161 sat stato, cm; & -
khe hd khong khi, cm; D, - dufm"g kinh ngoai vé mdy, cm;
(hinh 12-3); d, va d, - chiéu réng rdnh, cm; hzg - chiéu cao
ring stato, cm; bz, - chiéu réng binh quan cla rang, cm,
h,s - chiéu cao gong stato, cm; d va d, - dudng kinh day
dan khong ké cach dién va ké ca cach dién clia day quin
stato, cm; k. - hé s6 ép chat 181 sat; Zg - s6 ranh stato.

2) Tén hao:

Pps - tén hao déng stato, W; P; - tén hao sit, W; P, -
tén hao co, W; Pp, - tén hao dién r6to; P; - tén hao phu;
TP- téng tén hao, W.

dtb
7 -
Ay
Fa
i
hzs
-/
Iy —>
Hinh 12-3. Kich thugc ranh Hinf 12-4. So d5 nhiét thay
ding dé tinh nhiét trg cach thé cla ranh.

dién day dan dat trong ranh.
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C6 thé tinh todn nhiét dong co dién khong déng bo cong
suét nhé ba pha & ché€ d6 lam viéc lién tuc theo cic cong
thitc sau:

1) Tinh todn hing s& so d6 nhiét trd vi nhiét the cla
nguén nhiét (bang 12-1a va b);

2) Tinh todn nhiét 46 vo (bang 12-2);

3) Tinh toén theo so d6 nhiét (bang 12-3):

a) So d6 dong nhiét déng tri khi gid thi€t déng nhiét
(hinh 12-2) khéng qua khe hé (Qs = 0); (tinh todn gan
diing 14n thit nhét);

b) Nhiét th€ (d6 chénh léch) clia cac phan tu trong so dé
nhiét thay thé;

¢} Dung phuong phip ty s6 nhiét thé€ & hai bén khe hé
dé tinh dong nhiét qua khe h& va quyét dinh sy phan bs
mdéi cla nhiét lugng (tinh todn gin ding 14n thi hai);

d) Do tang nhiét binh quéan cua day quin stato.

Vi trong mdy dién kiéu kin nhiét 36 & phin ddu néi cao
hon nhiét 46 day déng & giilta rnh nén do ting nhiét binh
quén cla day quan stato bang:

Os = k30,
trong d6 &, = 1,05 ... 1,25 (binh quan 12 1,15); 6, - d6 tang
nhiét cta day d6ng & trong rdnh.

P¢ ting nhiét binh quéin cla day quin stato khéng nén
virgt qué gidi han quy dinh theo tiéu chudn nha nuée.

Phuong phdp tinh todn nhiét s& dugc trinh bay cu thé
trong thi du thuc t€ & muc 13.5.
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Bdng 12-1a. Tinh todn cdc hding sd trong so dé thay thé (xdc dinh nhiét tré)

Nhiét trd

Céng thirc

Chi thich

1

2

3

1. Céch dién cha
day d&n dat trong

ranh.

S day dan va chiéu day cach dién gi thidt &
khodng cach 4,/2 (theo hinh 12-3)

dy &
M=—"—; S1=&(m-N+—
=2, " (m )+2
trong dé:
_d1+d2

2

&' - chidu day cach dién c3 hai bén clra day din. 56
day dan va chidu day cach dién gia thigt & trong

khodng cach: —/%S—

iy

hZS ! ¢ &

== &H=0Tm-11+—

2= 2, ' % (m —1}+ ;

Cén cU vao sa dd nhiét thay thé cda ranh (hinh 12-4)
chigu day dng tri clia cach dién:

Gid thiét tén hao ddng tap trung
& giira ranh, truyén sang hai bén va
day ranh. Day dén tron gia thiét Ia
déy dén chir nhat cé cach dién va
ti&t dién nhy nhau.




LI

Tiép bdng 12-1a

3

__ %%
28y + 6

d

Nhiét trd cla cach dign day dén trong ranh:

__ 9%
ZHC K|
trang d6: £ = Lk, -
C=d, + 2714 chu vi ranh,
¥, - hé s6 dan nhiét
(d61 vai day &, & = 0,0004)

R

2. Ldp réng stato
(vl tdn hao déng
stato)

Nhiét trés & I6p ring siato:
__hs
Szkre
trong dé: 8§z = Zsbaply
. = 0,58 - hé s6 dan nhiét cia sit;
Nhiét tré & 16p ring vi t8n hao déng stato:

4

Gia thit viéc tan nhigt & hai bén
va déy ranh t§ 18 thuan véi chiu dai
(trong dién tich mat bén cha rdnh)

3. Cach dign ranh




Tiép bdng 12-1a

3

trong dé:
&, - chidu day céch dién ranh;
kip- hé sd dan nhiét cach dién ranh

D4i véi gidy cach dign, gifly cich dign + véi cach
dien, gidy cach dién c6 dén mang tdng hop, cb thé
Ay 4, = 0,0005

|—I Gang stato

| .
5. Khe hé gitta
sfato va réto

- s
SgSkFe

trong dé: .

D, +0+2
Sgs =aluly sz—’"-'*z—*hé
d
R =
T sk
rong d6:

& - khe h gitra stato va réto;
ky - he s6 dan nhigt cha khéng khi

klk= 0,00023 B 55 =.710/




Tiép bdng 12-1a

9L1

1 2 3
Ry =
6. Khe hd gitra vd Saskic
méy va |6i sat trong dé:
stato S =g
Khe hé& binh quan gitta vd may va lai sat slato c6 thé
|éy béng 55“) = 0,001
, P
7. Vb may ”ow/kae
trong dé: Nhigt trd trong myc 1 < 7 chi phu
b, - chigu day cla vd méy; thudc vao tinh dan nhiét.
Dy - dudng kinh trung binh cia vo may;
7, - chiu day v méy (khong ké ndp)
c R, = 0,001 Nhiét tr¢ cda ndp mdy va rito phy
8. Nap may J thugc vao tinh ch&t d6i lru va din
Re=05+08 nhiét. Tinh toén ching rat phic tap.
C6ng thire bén 1& cdng thuc kinh
nghiém.

Ghi chii: Cdc cong thite trén ding don vi kich thude 12 ¢m; hé s6 din nhi¢t 12 W/ °C, cm; nhiét tré - °C/W.
Trir R, vh R, ra, tAt ca cde nhiét trd déu phu thudc vao tinh din nhiét.



Bdng 12-1h. Xdc dinh nhiét thé cia ngudn nhiét

—

* Nhiét thé cla Cang thirc Chi thich
ngudn nhiét :
Tén hao sét stato ] Vi =05R Rrs ‘| Hé s6 kinh nghiém 0,5 xét dén sy

. ) L phén bé cla tén hao sit.
trong d6: Tong nhiét trd cha 161 sat stato: L. e e e
V5 - dd tang nhiét cha 15i sat

§ Rrs =R+ Rz stato so véi nhigt do moi trudng,
Tén hao déng Vs = Ris Rt Vs - d ting nhiét cha diém gira
stato ranh so vdi nhiét 6 mat ngodi day

trong d6: Ayg =g + 057 dén &p sat cach dién ranh.
Tén hao roto Vs =P Ry Vg - d tang nhiét ciia réto so voi
trong d6: A, - t8n hao cd khong xét dén tén hao quat | Phiét o khong khi bén trong ddng

co dién.

L
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Bdng 12-2. Tinh todn nhiét 49 ciia vé mdy

Trinh ty tinh toén Cong thirc Chu thich

1 2 3
1. Nhigt d6 mai f
trurdng da cho
2. b tang nhiét gt = P Khi tinh toén & sf:'dl_mg nhigu
Cgab;? may (tinh Scksky hé 6 kinh nghiém:
s ;

; frong dé: \ ) ke ks, ko
Téng dign tich bé mat déng ca dign
72 Hé s§ &, xét dén do thong gié ma
aly ;
Sy=—>"++aDJ), bé m3t ngoai tang 18n; xét dén dnh

n1
co dién c6 quat 1am ngudi
ky=056.1073D0*
kg =1 - déi vdi ddng ca dién ty lam ngudi
ks =$.104n(031-052) ddi val dong
n1
Khi2p=2, ky=15;
Khi2p=4, ky=1,25;

hudng cha 8¢ d6 cla dong co dién.




Tiép bdng 12-2

1

2

3

3. Tinh nhiét bic
xa

i ¥ (e Y
=1634.8,0,|t 2| -|
Fox =163k D (1000} [1000]

Vdi may dién son xanh, luc, xam, thi 4, =0.9;
mau bac &, =0,5; { va £ - nhiét do tuyst d&i cha vd
may va moi trudng. '

K - sudt birc xa trong ddi

fy=ti+8,; H=213 + 1
4. Tinh nhigt tan Py=3P-R,
ra do d6i tuu
5. Xac dinh d¢

téng nhiét binh
quén cda vd may

Khi 20=2, k,, =0,87;
Khi2p= 4, ky = 0,94,

ko 12 hé s8 kinh nghiém.

Néu 6, va @, khdng phi hgp vai
nhau thi phi tinh lai myc 3-5 {tinh
gan ddng lan hai). Lac 46 ldy 8,
bang tri s8 trung gian gita &, va
4, luc dau.
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Tiép bang 12-2

1

3

6. Xé&c dinh nhiét
dé (tinh to4n)
cao nhit cia
may

By =0y Kz
- Vdi may dién 1am ngudi ty nhién
R
kp =089 2|

v

- Voi may dién c6.quat gi6 lam ngudi

/ 05
kg =0,906; -L
SRty

v

by =y + 1,

k- hé s& kinh nghiém

Ghi chi: DBon vi cha nhigt do 1a 46 bach phan, ctia kich thude hinh hoc 13 cm, cong suét la W.

f

Bdng 12-3. Xde dinh do tdng nhiét cra cdc bé phdn mdy dién

C4c diém 8- Cong thi
Tén céc g thife
trén sg d - " " R ’ Chu thich
ghiél thayths| D2 PPEN | Tinh g&n ddng I4n thi nhét |  Tinh gén dung Ian thit hai ‘
. mat ngoal Ve=ly=0 £V -V,
8.9 vd may s Vg=Vy=bny: Q5= ( 3R .
&




Tiép bing 12-3

7 mé_t trong I'/]’ :Va +OéRv 02 tl.':?1 +PT +0;5
v0 may 1 O=0
G=Gi+R;G=R+5A | N7
6 matngodi M =0 + QR Vs =Wy + QR
15i sét
3 mat ngoai W=+ + QR+ Rpz) K=K+l +
cla rang
+ (01 +Oa) (RT +Roz)
%=, ‘
2 bé mat dady | V5=V +QR, Vo=V + @R,
dén trong .
ranh stato
') day din§ | V=15 +lgs V=ly+ls: V=0,
gilra ranh
10 mattrong | Vo =l + RA, Vig =V + RA,
cha nap ~ e
may = 0§=F5R+§1F; + Py =020
11 matngoai | W=l ¥lk Vii=h + AR, |
réto -

=gt

Xac dinh dd tang nhiét cac
bd phan cla may dién theo
s0 d6 nhiét thay thé & hinh
12-2 bang phudng phép
tiém can. Khi tinh toan gan
dung Jan thir ba so sanh
nhiét thé & diém 11 va 3
dé tinh dong nhiét qua

khe h@ khéng khi

ioa=y3"y11

; sau d6 xéc
5

dinh {ri sd déng nhiét @, ,

¢ va toan b¢ Jo tang

nhiét & cac diém.




Chuong 13. THi DU TiNH TOAN

13.1. Tinh toian déng co dién mot pha Khéi dong
bing dién tré

1. Nhiém vu thiét ké

1) S6& liéu dinh mic:

Cong sudt tic dung dinh mifc: Py, =30W;

Toc do quay (dong bo): ng, = 3000 vg/ph;
56 pha: m=1;
Tédn s6 ngudn dién: f=50Hz

~bién ap dinh mitc: Usn =220 V.

2) Ché d6 lam viéc: lién tuc;
3) Diéu kién lam viéc: nhiét d¢ moi trudmg + 40°C;
4) Cac diéu kién dic biét: it ti€ng 6n; boi s6 mdmen cuc

. M A 2
dai m_, =-—"™%>272; boi s6 moémen khéi déng my, = 0,75
dm

va boi s6 dong khéi dong 1,4 < 7,5;

5) Vi tri ctlia truc: truc ding;

6) Cong dung: thiét bi truyén dong trong thi nghiém;

7) Kiéu mdy: kin, lam ngu6i ty nhién. '

2. Xic dinh kich thuéc chi yéu

Vi dong co dién mot pha ¢6 phin tr mé mdy S, = 2.5,
Cong sudt dinh mic cla déng co dién ba pha ding tri:

Poin = B Py =25%x30=7T5W.
Tir duong cong trén hinh 1-1 tra ra: nycosgy, = 0,433,
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Vi vay cong sudt tinh todn ciia dong co dién ba pha
ding tri :
Pomm 75

My cos@y 0,435

Xét dén yéu cdu it tiéng 6n, chon B; = 0,42 Tesla.
Chon tai dudng nhu sau:

‘ )
A=110 Afecm ; A= 5= 0,73; kp = 0,58.

T d6 tinh ra duong kinh ngoai stato:

PP _ 4 | 172,5%1 _
By Adng 058Y042x110x0,73% 3000
9,2 cm.

Cian cit vdo dudng kinh ngoai tiéu chuén, chon
D, =89 mm.
Dudng kinh trong stato:
D=kyD, =058 x 89 = 51,5 mm.
Budc cuc:
7D w5135
2 2
Chiéu dai tinh todn cla stato:
[=AD=0,73x51,5= 38mmhay380m
Chon khe hd khong khi: 8= 0,03 cm.

T=

= 81 mm hay 8,1 cm.

3. Ddy qudn, rdnh va géng stato

Chon rinh stato va réto:

' Zs= 18 va Z, = 15.

Ty s6 Zy/Zy chon dugc phu hop véi quy dinh trong bing
2-1 va phu hop ranh statoe, roto nay hi¢n dang duge ding

183



trong didy théng nhat. Ty s6 rinh stato cta diy quin chinh

va phu trong dong co dién khéi dong bing dién trd chon 1a
2:1,tic Z, = 12, Z, = 6.

S6 ranh clia day quén chinh duéi méi cuc:

%zs %xiS
QA =0 =

2 -6
2p 2
56 ranh cia day quén phu dudi méi cuc:
%zs %le
=2 -3 _3
Cs 2p 2

C6 thé ding diy qudn hinh sin hay day quin hai 16p

budc ngin dé triét tieu séng bac 3. O day ding day quin
hai 16p vé&i bude ngan 1/3 buéc cuc. Bude diy quén 1a:

2
y=F-7==x9=6
3
Hé s6 day quan cia day quén chinh:
sin _RPZQA gig TX1x6 ) <
kan S sinﬂ% = —Llsmg-% =0,772
. . X
Qi smﬂ 6sin id
s 18
Liy a5 = 0,64, kg=1,11, By = 0,42 T duoc:
T thong:

D= 5708510 = 0,64 x 8,1 x 3,8 x 0,42.107* =

0,827.10 Wb
Chon k. = 0,8, s vdng diy cta pha chinh bing:

184



_ Ugmke 220x 038 _
kg fDkygs  4x111x50x0827.107% % 0,722
1331,4 vg

SA

Lay W, = 1332 vg. _
i
i h Poaode o h ]
4!;’6‘ 39]1]01‘1‘12131
I Eon
1 | |t

N

N el
B
&
3
P —

—== o=
M=

| J
i
-

=== (===

\H‘_—'_ ~ =

b

J,

&
4y 4 5, Az

Hinh 13-1. Gidn 6 khai trién clia day quén déng co dién mét pha
khdi dong béng dien trd véi Z = 18; 2p= 2; @, = 6: ;=3

4.Tiét dién ddy dong trong ranh
- Chon 56 mach nhanh a = 1. $6 day din trong mét ranh béng:
2Wsa  2x1332
0. 2x6
Can cit vao dudng biéu dién & hinh 1-2, khi P, = 30 W,
meos@ = 0,3. Nhu vay cong suit tinh toan bing:

P
im0 00 va.
nmcosgpp 0,3

Dong dién dinh mic cla pha chinh (so bo):

U p =222 vg

m

P =
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LB 100
WA Ugy  1x220

Chon mat d6 dong dién Jg, = 6 A/mm?, tim ra tiét dién
day dén:

=0,455 A

I 5 2
sy, =Jama 0455 _ 6 5958 mum?
adgy, 1x6
Chon tigt dién day quy chudn: S, = 0,0755 mm’, nhu
vay dudng kinh day khong ké cich dién d = 0,31 mm.
Chon day din ky hieéu IIDB-2 clia Nga, dudng kinh day ké
ca cdch dién dy = 0,35 mm.
Téng ti€t dién day d6éng trong rinh:

Spsa = Ssaltea = 0,0755 x 222 = 16,8 mm’®
5. Rénh va gong stato

Cin e vio ti€t dién day dén trong rinh dé chon dang
rinh va kich thuéc rinh. Dang rinh hinh ntra qud 1é, bé
rong ring (so bo):

Bgst 0 .
by =—0fs = 042x9 4 him.
Bygk, 1,25x0,97
So bd chon by = 3,2 mm trong d6 budc ring stato
3,14x 51,5 :
tg =Z£=—ll—1x§5—’= 9 mm, chon mat do tir thong rang
s

stato Byg = 1,25 T va hé 50 ép chat k. = 0,97.
Chiéu cao gong (so bo)

Z I8
hgs =0,2h =5 -02x 3,2 % T =11,52 mm. So bo chen kg =
r

11,0 mm.
Chon kich thuéce rinh:
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Chiéu cao clia miéng ranh: A, = 0,5 mm.

Chiéu rong miéng ranh:
bo=dy+(1,1..1,5=036+(1,1..15)=1,46 . 1,86 mm

Chon by = 1,8 mm. |

Cac kich thuée ranh khic:
m(D+2hy)-bZ, (515+2x05)-32x18

| =7,22 mm
ZA —r 18— =
Chon d| = 7,2 mm.
(D, ~2h.q) 89— 2x110
A o Bt LA Zszu—mz 8,5 mm;
Zg 18
Chon b, = 8,5 mm.
Chiéu cao ranh:
D, -D-2h 89-51,5-2x11
hes = > B = > = 7,75 mm;

Chon A =77 mm.
hyy=hs—0,5(d+2hs) =7,7-0,5(7,2 + 2 x 0,5) = 3,6 mm.

et ‘ﬁ‘z:ﬂ,.f
I F i)
.‘.‘,% \ 1l
i \ f
N o
iy ;f &
\ ]
— .
bﬂ‘-_—i& Ays=0.5
ﬂ't=7,2

Hinh 13-2a. Hinh dang ranh stato c6 cach dién.
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Sau khi chon kich thudc rdnh thi kich thudc thyc cna
gong va rang stato sé la:
D, -D-2hg 89-515-2x77 _

hys = 3 5 = 11,05 mm
" _a(D+d, +2h45)_d1 _ASL5472+2X05)
Zg 18
' = 3,219 mm
(D, —2h,) 89-2x11
byg =————E b, _ZB9-2x1109) ¢5_ 3176 mm
Zs 18
_bys +his 321943176

binh quén bys =

=320 mm
2 2

Tiét dién rdnh:
2

S.s -”—dé‘— +0,5hy, (d +by)

_n(12? |

0,5x3,6x(7,2+85) =48,7mm’ -
Kich thude ranh xem & hinh 13-2, cdch dién rinh xem &
bang 13-1.
Dién tich cdch dién chi€m ché trong rinh: S, = 9 mm®.
Hé s& 14p diy rdnh:
_diu, (035)2x222
¢ S S 487-9

=0,685< 0,7

Bdng 13-1. Quy cdch cua két cdu rdanh

Tén Vat lidu Kich thudc, mm Chu thich ,
Déy dan naB-2 dd, =0,31/0,35
Céch dign ranh | Tam cach dién 0.2 mét mét cla ranh
Ném Tam cach dién 03
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6. Tro khang chia ddy qudn stato va réto, tro khdng ciia
ddy qudn chinh stato

Tir bang 4-1 tra ra hé s6 &, va B, tir d6 tinh ra chiéu dai
binh quan cbha phin d4u néi day qudn chinh:

D+ hg)
2

#(515+085) 2

=1,2x 3’+2><l=9,48c:m.

Chiéu dai binh quin ctia nira vong day:
lo=!l+1,=38+948=13,28 cm.
Téng chiéu dai day din cla mét pha:

Loy = 20, We, 1072 =2 x 13,28 x 1332.1072 = 353.8 m
Dién tré tac dung caa day quin chinh stato:
Ly _ L3538
Seu-a 46 00755x1

Heé s6 tir tan phén rinh:

i bys  hy g
/?.r—{igz-kﬂ +(0,785——2~'—+‘—-+*‘~—' kﬂl

Tas =P = 101,86 O

di dy by
7 18 34 05
= x0,813+) 0,785 - ————=— 1+ 22 |x0,75
3x72 ( %72 72 13)x
~ 0612,

trong d6 /1, = 7 mm, A, = -3,4 mm.
_ 7+98 _T7+9(2/3)

k = 0,813;
7 16 16
1438 1+3

Budc rang stato:
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Budce ring roto:
_w(D-26) mx(51,5-2x0,3)

= 10,6 mm
Zg 15

R

Lam nghiéng rdnh & stato, nghiéng mét budc rang réto:
b, =ty = 10,6 mm = 1,06 em
2pb,  2x106

a, = = = 0,417 rad.
D-26 51,5-2x03
Hé s6 ranh nghiéng:
a
2sin— ‘108
7
k. = 2 _2sini1’5 =0,99
a, 0,417
kg = k, = 0,99.
V&i cdc hé s6 sau:
t b
'k 106 _ 1,18 va B, _by 106 _,
ts 9 g 10,6

Sit dung dwong cong & cdc hinh 4-3 dén 4-6 tra ra cic
hés6 F,F,GvaGy:

F=19; F, =026;G=1;G =041.
Véi cic hé s6 sau:
has 15 _ sy Pas (15 0,167.
g 03 £, 9
Tiur dudng cong & hinh 4-7 tra ra hé s6 A, = 0,06

Z
KhiQA=y;QA+y¢ﬁthihé_sé’N:[j,
t
P
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Theo cong thirc & bang 4-3 thi hé s6:

2
F G.N 40,p .2
=2 Fky ——|—-4,| Gk k
& [ Al ZQ,J Z( pr 2QA] Zg dA["sJ "

(1+ﬁn2de) (1 9><075—9£§—x~1—’§}-10,06{1x0,75k

2x6
2
_041x15) 4x6x1 . % (0722)° 106 < (1+1x099%) =
2x6 18 9
= 0,82

Miéng ranh roto 14y bang b, = 1,0 mm.
Hé s6 khe h& khong khi:

5+}i%S 5+%’%
kg = = = 1,122
tg 0,3
5+b—;R— 5+£
kg = = ’ = 1,039
R s, PR IR-be g 10 106-10
g 03 10,6
ks =kgskg = 1,122 x 1,039 = 1,166.
Hé sd tir tan tap:
; _
S &= 2 x082 =1,77

A =Sk
11,95 - ks 119x03x 1,166
He sd tir tan ddu ndi:
id—028(1—06 PZQA) (g -0,648-1)=
5
2
X6) : [948 064-2 J: 1,6
8 3

= 0,28 (I -06

¥
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Téng hé s& tif tan stato:
SAs=Aes + As + As = 0,612 + 1,77 + 1,6 = 3,982,
Dién khang tan day quén chinh stato:

2
xSA=0,158_f_ E/_SA —I_‘Z;“S"'
1003 100 ) pg

; 2
= 0,158x£x 1352 X 38 x3,982 =355 Q.
100 1§ 100 1x6

Sir dung dé thj vecto & hinh 2-14 dé nghiém lai &z Khi

COS@y,, = 0,68 (xem hinh 2-16) va [, = 0,455 vé d6 thi
vecto duge kg = 0,8. Tri s6 nay phi hgp véi tri s6 gia thiét
ban ddu.

7. Chon kich thudc rdnh réto
Chon hé sg trugt dinh mife s, = 0,04.
Khi b6i s6 mémen cuc dai m, = 2,35, tit hinh 3-4 tra

duge s, = 0,2. C6 s, = 0,2, tit hinh 3-5 duoc - = 0,623,

Xm

LAy x, = 2xg4 = 2 x 35,5 =71 Q. So b6 tinh ra:
rR=0623x71=4420.
Cin ctt vao tri s6 trén, tinh dién tré thue cla rotor
Zokir 15% 0,992 x 44,2
2,2 RT 2 2
SWsa kia 8x1332° x 0,722

=(,8788.107* Q.

g =
Dung nhém dic tam thanh din va vdng ngén mach roto.
So b6 tinh bé rong rang réto:

Bgry  0,42x10,6

- = 3,67 mm
Bk, 125x097

bop =
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trong dé: 14y Byg = 1,25 T; k, = 0,97.
Lay by = 3,8 mm.
So bo tinh ti€t dién thanh dan réto:

Z
S =1,685p5 = =1,6x 16,8><E = 32,25 mm*
Zg 15
So bo tinh tiét dién vinh ngin mach:
S, =(2,5..35)8p =(2,5...3,5)x32,25=80,6 ... 113 mm*

Hinfr 13-2b. Hinh dang va kich thudc ranh réto.

- Chon rinh r6to hinh qua 1&¢ nhir & hinh 13-2b, kich
thuwde rdnh réto nh sau:
(D =25 + hyg )] — g Zg
Zp+7
_wx[515-2(03+05)]1-38x15
B 15+7%

dig =

=5,5mm
Lay d, = 3,6 mm, ta cé:

hypg =0.5 {D—Zé‘—a’m ~2hyg _Zg&za_*‘d_m_l] -
ki

15x(38+3,6)

:O,5>_<|:51.5—2><0,3—5,5—2x0,5—
. n

}=4,51mm
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Lay /1., = 4,5 mm.
Chiéu cao ranh roto:
N =05(dg+ dd+ T + hp =
= 0,5%(5,5 + 3,6) + 4,5 + 0,5 = 9,55 mm

Tiét dién rinh roto;

o Al tdg) o dig iy

SR =TT 4 TRy
8 2

(5,52 +367) 55+36

= 222 TR a5k T 2 37 44 mm?
8 2

Tiét dién vanh ngdn mach:
S, =axb=T78x 12 =936 mm’
trong do ldy ¢ = 7,8 mm, b = 12 mm.

__bién trd cla thanh dan:

Ig107° 38107
RID. L3S0 1000
S, 23 3744

175 = P75

. trong d6 chiéu dai thanh dén oto I = /5 = 3,8 mm.
Pién trd ctia phan tr vanh ngdn mach:
D, 107 n-3,89-1072

v75 :p'llj I ———— = 0,378. l() 3 Q
Zelgxhy 23x15x(78x12)

trongdé D, =D - (26-h) =
=51 5-(2x0,3-12)=38,9 mm

bi¢n trd ddng tri cha roto:
, ’ 0,378-107°

=K +——=0441. l() + ———————=0,879.10"Q

0
2sin® & 2¢in? 180" -1

ZR 15
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Nhu vay rg gin gidng voi tri s6 gia thiét ban ddu.

Khi tinh dién khdng tan cia réto, chon by = 1,0 mm va
heg = 0,5 mm.

Khi k, = 1, hé s& tir tan rdnh roto bing:

2
A = }”_R(l_%J +0,66__h4_R_ k +h4_R =

| 3dir 85, R | bar
2
S B Y 2 YT S BN R S % )
35,5 8x37,44 2x55 1
d
Vi hyg = hys +%—0,1¢12R =4,5+%—0,1x3,6 = 5,94 mm
b
vei D _ 0,094 va Pap _ L _ 3,33
g 106 5 03
Theo hinh 4-7 tra ra hé s6:
A, = 0,025;

G=1-A,=1-0,025=0,975.
He s6 tir tan tap: '
' 10,6

H
Ag = —X = .0975 =2,48.
R 11,98 kg 5k 11,9x03x1,17 ’
He¢ s6 tir tan diu n6i:
2,9D :
Agr = - 5 lg 47D, =
a
Zpl| 2sin 2. 2(5 + b]

29%3892 47%x38.92

) RSN
15x38[2sin18(1)5'1J 2’{5 HZJ

= 1,522
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Téng hé s& tir tén:
ZAp = A + Ag + Az = 1,237 + 2,48 + 1,522 = 5,239;

2 2
LA =2l fR_ZS_(ﬁA:_J =5,239 }E[gﬂ] =34

IsZg |\ k4 154 0,99
Pién khing roto:
Xp = Xg 2p 3,55 VLA 30,3 Q.
TAg 3,982

8. Déng dién tir hod

Sau khi tinh todn mach tir s& tinh duge dong dién tir
héa. Hinh 13-3 12 ban vé tdm dap 1561 sit stato va réto.

Siic tir dong khe hd khong khi:
Fy=1,6ksB;5.10* =
=1,6x1,167x0,42x0,03.10*
=2353 A.

Stato va roto déu ding
thép 14 k¥ thuat dién day 0,5
mm k¥ hiéu 2211 khong quét
son cdch dién & bé mat 14
thép. Khi tinh todn sitc tur
d6éng & cac by phan clia mach
tlr, sit dung bang H = f(B) &

Hinh 13-3. L4 thép stato va r6to.

phu luc 1.
Khi &, = 0,97, mat d¢ tir thong & rang stato bing:
: t
Byg =By —3— =042 ) 122 Tesla
bogk, 3,2x 0,97

Stic tir ¢ong & rang stato:
Fis=Hy2hys =6,13x2x077=95A.
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Mat d6 tir thong & gong stato:
@10 0827.10™.10*

g == = = 1,02 Tesla
B> 2hgslk,  2x1,025x3,8x097
Sitc tir dong & gbng stato:
a{D. —h -
Fis=Hyg (Dy —hgs) _o84. 3,14(89 - 1,105) _ 348 A
2p 2
Mait d6 tir théng & rang roto:
B,y :BS—IR——= 0, 106 1,21 Tesla
gk, 3,8x0,97

Sitc tir dong & rang roto:
Foo=Hyp2hy, =602 x2x092=11A.
Mat 36 tir théng & gdng roto:

®.10* 8,27.10™.10*

Bop = = = 1,13 Tesla.
2hoplk,  2x136x4x093

Liy duong kinh truc 4, = 1,6 cm. Chiéu cao gong roto
theo cong thic (5-17) duge hyz = 9,9 mm. Sic tir dong
gbng roto bing:

. ﬂ'(dt +th)

FgR =HgR T= 3,51

Téng sirc tir dong:

BIH16+099) .5 4

Fo=F;+ F;o+ Fpp +FgS+FgR=
= 2353 +95+11+34,8+14,2=3048 A.
Dong dién tir hoda:
_ F.p_ 3048x1
M1 8Weakes  1,8x1332x0,722

=0,176 A.

Thanh phdn phan khing cia dong dién khong tai:
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I,=2[,;,=2x0,176=0,352 A.
Ty 1¢ thanh phin phan khdng so v6i dong dinh miic:
I, 0352
I, 0455

x 100 = 77,4%.

Hé s6 bio hoa ring:

Fy+Fyq +Fzg  2353+495+11
Fy : 2353

Pién khdng ng v6i tir thong khe ho khéng khi:

E_kglUgn _ 08x220

= = 1000 Q.
1 i 0,176

kZhh = 1,09

Ama =

wul

Céc tham s6 tinh duge duge thé hién & mach dién thay
thé pha chinh (hinh 13-4).

ul

Xrg=3550 Mgy = 3030

= 101860 g 4z g

b3

8

K =355 Hpy=303.0

s34 101362 faa 42,

Z-4 "7 3

B

b)

Hinh 13-4, Mach dién thay th& pha chinh dong co dign mét pha.
Pn=30W, U,=220V; a,, = 3000 vg/ph.
a) diing cho dong dién thir t thuan; b) diing cho déng dign thi Lr nghich,
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9. Tinh todn ddy qudn phu
Dong co dién nay diing ddy quan phu cé dién tré 1én. Khi:

%ZS é)(lg
=2 -3 -390
o 2p | 2xl
hé s6 day qudn clia day quén phu bing:

sin Qs

Zs .
kgp =kcky = ——;—~smﬂ% =
Ky T
3sin—
5

Sin3,14><3
= 18 oo Exf.’.lf‘_ = 0,833.
.31 4 3x2
3sin—

Dé ¢6 thé chon ti s6 bié€n 4p lgi nhdt, ta tinh diic tinh
khéi dong vai k = 0,4; 0,5; 0,6 va 0,7 theo diéu kién dat
dugc mémen khéi dong 1én nhat. Két qua tinh toin ghi
trong bang 13-2. D€ tinh boi s6 moémen khéi dong va dong
dién khoi dong phai sit dung cdc tri s& dinh mifc cia dong
dién va mémen. Nhiing tri s6 dé dugc tinh tir dac tinh lam
viéc trong bang 13-2.

Bdng 13-2. Phuong an tinh todn

k 04 0.5 0.6 0.7
M, (kG.cm) 1,60 1,056 0,75 0,539
i (A) AT 382 3,0 2,52
m 1,6 1,05 0,75 0,54
i 114 8.6 7.0 6,0
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Mg _ 733 0,73 vh boi
M,, 1000

s6 dong dién khdi dong iy = Ik = 2,93
Iy 042
in k£ = 0,6. Mémen dinh mirc va dong dinh mic 14y theo
dic tinh lam viée.
S6 vong day caa day quén phu:

Theo bang 13-2, véi myg =

= 7, chon phuong

Wsg = k-Wgs Kan _o6x 1332 % 2722 _ 6927
kin ,833
Lay Wsy = 693 vong.
56 thanh din trong mot ranh:
W,
g = B _ 693x1 =231,
p.0p 13

Ty s& bién 4p bing:
_Wss kdB _ 693 0833

“Wen Kgn 13320722

Khi khéi dong tham s cia mach dién pha chinh nhu sau:

g TRA M2 oo
X\ +xga  1000+303

po—ma 1000 4
Xon + Xra 10004303

aﬂxmAs 0,0429x 0,97 x 10001

g

FRAK =— =41,54 Q
a’ +s? 0,0429 +1
s
xLAaHz iﬂ x0,0429 + 1
a“+s 00429 +1

=31,17Q
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Fak = Fsa + P rak = 143,84 £ xag = Xga + X gax = 66,67 Q.
Khi phan phdi rdnh trong hai pha:
_@a_12_
% 6
thi lic khoi déng dién khdng mach dién thay th€ pha phu
bang: :
kaa

2
— f _k2 _ k2 r —
Xgg =Xgg + Xppg =K & T Xga TKTXRAR =
dB |

2
=06%x2 -[%;%J .355+06% x31,17 = 30,42 Q.

Theo diéu kién dat dugc mdmen 16n nhdt, dién trd tac
dung trong mach dién thay thé pha phu lic khoi dong bing:

X
’ _ “BK 2 2 _
TBKmax L (rAK +yFak +xAK] =

AK
_ 3042 .(1434+ 143,42 + 66, 672) =1375Q.
= 5667

Hé s6 tinh toan:

A=97,4_r§AKU§mk 974 41,54x220° x06 1567
ngy 1 +a 3000 14342 466670

Tinh ra mémen khoi dong:

A'\}"f\K +xfix —TAK 158-1434

= 1,567
XK 30,42

= 0,757 kG.cm = 757 G.cm.
Dong dién khdi dong pha chinh:

My pax =
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Udm _ 220 _
Tax + JXak 143,4+‘j66,67

1,26 —jO,58 = 1,39/-25 A
Hé s6 cong suft cia pha chinh:

IAK4

cos@,y = cos(—25%)= 0,91
Mit do ddng dién day quén chinh 1dc khéi dong:

J Ak Slak o 139 18,4 A/mm’.
S, 00755

Dong dién day khoi dong clia dong co 1dy tir luéi vao:

— ("AK+r:'3K)2+(xAK +xpx ) _
Iy =1ax

2 2
Fg + Xgk

=3 A

_ 130 \/(143,4 +137,5) + (66,67 + 3042)°
’ 137,52 + 30,422
Boi s6 dong khéi dong:
iy Ik o 30
I, 042
(Dong dinh mitc 14y trong phin dic tinh lam viéc).
Dién trd tic dung cia day quén phu:
Fep = Fux = F'ax — K 'rax = 137,5 — 0,6°x 41,54 = 122,94 Q
Chiéu dai cua diy quéin phu:
Lgp =Ly 8 = 3538. 88 _ 134 m.
Waa 1332
Ti€t dién day din:
1 L _ 1 184

—— = ——— =0,0325 mm’.
46 g 46 122,94

| —
Ssp =
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Chon tiét dién tiéu chun Sg = 0,0353 mm? Day dén I13B-2,
_d_ 0, 212
d, 0253
Tf/ s6:
S5 1 kg _ 00755 1 0833
TS, a kg 00383 2 0722
Hé¢ s6 14p ddy ranh cla day qudn phu:
diu,  0253%x231

k = = 2 = 0,375
47 S~ S 4867-9

= 1,234,

Dién tré tic dung thuc t€ cha day quin phu:

; 0,0325
rep =K - gﬁi = 122,94-

SB 4

=113,2 Q.

Dién trd tac dung thue t€ cha diy quin phu Iic khdi dong:
Fgn = sg + K7 pax = 113,2 + 0,6 x 41,54 = 128,15 Q.
Dong dién pha phu:
Uwm 220 _
rpg +xpe 12815+3042
=1,625-j0,385=1,67/-134°
Heé s6 cong sudt clta pha phu:
cosppx = cos(—13,4%) =0,973.
Mat d¢ dong dién ciia day qudn phu:

I 1,67 ,
T =K = =473 A/mm’.

Ige =

Hinh 13-5 1a dé thj vecto chi r& quan hé gitra dong dién
pha chinh va ddng dién pha phu lic kh&i dong. Trén dé thi
con c¢6 dong dién dinh mitc cia pha chinh.
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Khi xg = 21,2 Q, dé thi
vong tron cua dong dién khoi
déng véi ti s6 bién dp da chon
nhv & hinh 13-6. Dudng kinh
clia vong tron bang:

D :ﬂm_ = ﬂ =7,2A

xgg 3042

Theo diéu kién moémen kKhoi
dong 16n nhit (diém D trén dé
thi vong tron), xdc dinh dién
trd cua pha phu:

5 Hinh 13-5. D4 thi vecta dong dién téng
220 2 clia dong co dién khdi ddng
= ‘/ ( 1 67] -3042° =1282Q bang dién trd.

Tri s6 cua dién trd ndy trén thuc t& phi hgp vdi tri sé
tim duge theo cach phan tich.
10. Tinh todn 16n hao sdt

Lai sit stato va r6to ding 14 thép k¥ thuat dién Nga ky
hiéu 2211 day 0,5 mm, khong quét son cich dién. ’
Trong lugng goéng stato:
GgS = 7187Z(Dn - th) th[Skc =
=78 x 3,14 . (8,9 ~1,105) . 1,105 x 3,8 x 0,97 . 107
= 0,778 kG.
Tén hao tinh todn phdn gong stato:

£
Pios =1,671 050B35G s (5] i
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= 1,6x2,6x104°x0,778x1 =3,5 W.

Trong [ugng gong réto:

Gop = 78,74, + hyhlek, = 7.8 x 314 . (L6 + 0.958) x
x 1,36 x 3,8 x 0,97.107% = 0,22 kG.
Tén hao tinh todn phédn gong roto:

13
f17
Prer =1 6P10/50( gR)ZGgR(SO =

= 1,6x26xL17°x022x1 = 1,25 W.
Trong lueng rang stato:
Gzs = 1.8Zshyshyslsk, . 107 =
=78x18x0,319%x0,77 x3,8x0,97.107° =0,127 kG.
Theo bang 6-2 vdi 14 thép ky thuat dién khong u va quét
son cdch dién, hé s6 gia cong 16i sat stato k,, =
Tén hao tinh todn phén ring stato:

£
Przs =18p OISOBBZGZS(SOJ kge =

= 18x16x1242 x0127x1x1 = 0,916 W.
Trong lugng rang réto:
Gy = 1.8Zubpehpgleh, 107 =
=78 x15x0,38x0,931x%3,8x%x0,97.107%=0,152 kG.
Tén hao tinh todn phén ring réto:

13
Przr =1.8p, 0/5OBZRGZR[5f0J kge =

= 18x26x1,38% x0,152x 1 x1 =1,35 W.

Tén hao sit tinh todn cla stato:
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Pls=Ples+Piys =35+ 0916 =441 W.
Tén hao sét tinh todn cia roto:
" Plg =Pir + Pz = 1254+ 1,35=2,6 W.

Hinh 13-6. BG thi vong tron dong dign khdi dong déng co dién
mot pha khdi dong bang dién tré.

11.Tinh todn dac tinh cua déng co dién

Dac tinh lam vigc, tri s6 dinh mic, nang luc qua tai,
dugce tinh hic chi ¢6 day quén chinh lam viéc, titc 14 hé s6
truot trong khodng tir s, dén s, v4i tir trudng elip.

Khi s = 0,026, tham s6 cia mach dién thay th€ nhu sau:
Tré khéng cha mach dién pha chinh:
a.fxnas _0,0429x0,97 x 1000 x 0,026

rr = = 429,3 Q;
RALT g2 442 0,0429% +0,0262
, a.fxpa(2-5) 41,61x(2-5)
TRA2Z =75 7 2 2
a +{(2-5) 00429° + (2 -3)
4161x1,974 =21.070;

004292 +19742
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7,
“RA_ 4457

X
Xrat = F-xra “%—‘5— =
a + 5
a2 0,0429 + 0,026>
=0,97x30,3% 30, : — =739,1;
0,0429% + 0,026

,
“RA v +(2-5)?

P XRA —

Yra2 =B XRa a?1(2—s) =

44,2

% 0,0429 + (2 - 0,026)*

= 097x303x 323 _ — =20850Q.
004292 + (2 — 0,026

Zoani = Fant + s = 429,3 +739,1 = 854 /60° €.
2 = P ¥ ns = 21,07 + 29.85 = 36,5 [54°7 Q.
Tr& khang réto sau khi quy déi:
Zow =R L = M2 L 03217004+ 303 =1700 [ 1° Q.
s 0,026

)

r 442
Zon= RA +i =" 4 '30,3:_22’4+'30,3=
= TR 0026 g

=37,7/53°5 Q.

Tr& khiang mach dién thay thé thi ty thuan va nghich
cva pha chinh:

Zay = (rsa +1gar) + j(Xsa + Xgat) =
= (101,86 + 429,3) + j(35,5 + 739,1) = 531,16 + j774,6 Q
Zpy= (s +1gan) + j(Xsa + X'raz) =

= (101,86 + 21,07) ++ j(35,5 + 29,85) = 122,94+ /6535 Q
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Zui + Zay = 531,16+ /774,6 + 122.9 + /63,35 =
= 694 + j840 Q.

Thanh phan thi ty thuan va nghich trong pha chinh cua
dong dién stato:

Usw  _ _ 220
Zyy+Zsn 694+ jB40
I,,=0,202 A: 21, = 2 x 0,202 = 0,404 A.

Dong dién stato pha chinh khi khong xét dén tén hao sit:

iy =21, =1} +jl=0,257 - j0,31.
Khi sttc dién dong thit tu thuin bing:

E =1,2%a =0,202 x854,7=173 V,
thi tén hao sit stato do ti trudng thuan giy nén bing:

2 . 2
Prgy =Pig| =21 | =441 {25 | Za3w
Ugmke 220% 038

Khi sitc dién dong thit tu nghich bing:
Ey=LZ s = 0,202 x 36,5=7,3 V.
thi tén hao st stato do tir trudng nghich gay nén bing:
2 2
E
Prgy =Pjg| —2—| =4,41. _13 ) _o00076 W
Ugnke 220x08

Khi hé s8 trugt s = 0,026, ton hao sit réto do tir trudng
thuan gdy nén bing: '

Prg, =P1"R Ey Sl’3=2,6 . [ﬂ—-) 0,026'° =
Uimke 220x0,8

=0,022 W
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Khi hé s6 truot s = 0,026, tén hao sit roto do tir truong
nghich gay nén bing:

2
E
Prgy =Py (U 21( J Q-s)=
dm™E

73 Y
=2,6. | —=——| (2-0,026)" =0,011 W
220x08
Dong dién phu pha chinh thi tu thuan do tén hao sit
gdy nén bing: !
P
E, 173

Dong dién phu pha chinh thd tu nghich do tén hao skt
gay nén bing:

Prgy + P 0,0076 + 0,011
Liop = T”E e = = 0,0025 A.
2 ]

Dong dién day quan chinh stato khi xét dén tén hao sat:

Isn =Up +Tar + Tor) + JIX =Tra + ks =
= {0,257+ 0,025 + 0,0025) — j0,31 =
=0,2845 - j0,31 = 0_,42 =475,

Mat d6 dong dién diy quin chinh cia stato:

! )
J=—3A o 042_ _ 56 Ajmm?.
Ssa 00755
Hé s0 cOng suit:
14 5
cosg, =-2 _0.2845 _ 0,676
I 042

Dong dién thtt tu thudn thyc # cia roto:

209



2Wspkap  Zrar _

Tpar =214
A Zpkar  Zgay
— 0,404 2x1332x0,722 " 854,7 ~263A.
15%x0,99 1700,2
Dong dién thif to nghich thuc t&€ cha roto:
. W,k Z;
Ifan :21A2_&*_;li._RéL =
ZdeR ZRA2
_ 0'404‘2x1332x0,722 36,5 ~506 A.

x
15x099 377
Dong dién thuc t€ cua roto:
Ihn =158, + T2, = 42637 +506% = 57 A.
Mat d6 dong dién thanh dan roto:
_Ira 57
TS, 3744
Cong sudt dién tir:

Py = %Ii (Frat = ra2) = %-034042-(429,3 -21,07)=349W

= 1,52 Afmm>.

Maomen dién tir:
=37’4'—103de T4 g 11328 Gom.
Rgh 3000

Ldy tén hao co P, =3 W.

Tén hao dién trong day quan chinh stato:
Pos= 124 ra =042 % 101,86 =188 W

Tén hao dién trong réto:

1 b} ”
Ppg = 5152,& [Frais + Frax(2 - 8)] =

Mdt

I
= 5 0,42°.[429,3 x 0,026 + 21,07- (2 -0,026)] =49 W.
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Dé xdc dinh tén hao phu, trude tién tinh theo higu sudt
khong xét dén tén hao nay. Hiéu suit d6 sau nay s€ hiéu
chinh sau.

Tén hao phu:

P 0
Ban _ 0,005 22 =031 W.
] 0,402

P; =0,005-
Téng cong suit co:
Py =Py(l —s)=349 (1 -0,026) =34 W.
Cong sudt tic dung:
Pp=Py —P,-P;=34-3-031=30,7W,
Téng tén hao sit:
Pr=Prg + Py + Prgy + Prra =
=43+ 0,0076 + 0,022 + 0,011 = 4,34 W.
Cong suft dua vao:
Pg= Py + Pps + Ppg + Pr=
=34+ 18,8+49+434=62W,
Téng tén hao:
ZP=Pi+ Py + P+ P+ P =
=434 +18,8+49+3+031=31,35W
Hiéu suit:
Py P 3135

SR JEP 3 hss
=P, P 62

Khi trong dong co dién chi ¢é mét day quén lam viéc (tir
trudng dap mach) thi két qua tinh toan dac tinh 1Am viéc khi hé
s¢ truot thay doi tir s, dén s, duge ghi trong bang 13-3.
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RS SE)

Cic quan hé n, I, cosg va n = f(Py) nhu & hinh 13-7,
con M = f(s) nhu & hinh 13-8 (dudng 7).

»nCore Iy T
vops| | A 3
vk HOT [ 5
T
&
$
K}
5
2e00F 1|45 Wl
Ql __%:—:—ﬁ
[ e k= 4 == U5 g
f‘;
10001-0,5 625 ="} l “n
-, 5 |4, p— =_._-_:F—-—"'
, Lo =
=__-f-_'=‘ B ”.- __’f" I
b 1
LA |
Z
0{_ { | Fr
7" g 70 28 30 ”

Hinh 13 -7. Dac tinh tam viéc clia dong ca dién cd
Pin = 30 W, my,, = 2920 vg/ph.

Mémen cuc dai M,,, = 2552 G.cm. Boi s0 momen cuc
dai bing:
Mo 2552

=2,55.
My, 1000

Mpax =

Heé s6 trugt wing véi moémen cuc dai s, = 0,15,

He s6 truot khéng tdi duge tinh theo phuong phédp da
ndi & muc 9-2. ‘

Khi khong tai déng bdé s = 0, tham sd mach dién thay
thé¢ xdc dinh nhu sau:
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Bdng 13-3. Tinh todn ddc tinh lam viéc

Tham| Bon Heé s& trugt —’
SO 1 ¥ Tgo33 | co1 | o0z |0026] 005 | 010 [ 095 | 018 | 020

Fen | € |B75 (2145 3715 [4203 (4794 13627 (2569 (218 1991
e | © |9968 (9514 (8279 17391 |441,5 (182 103 81,7 (722
fez | ©Q 208 (208 (21 2107 (213 1219 225 (228 (231
Yo | Q1298 298 2085 (29,85 [29.86 |29.88 |29,92 [2093 (2994
Za O |1694+ |3164+ [473.4+ |531,2 |581.3+ 404,56+ {3588+ (320,0+ 1301+

+1032,3 | +j986.5 | +j8634 | +774.6 |+477 [+2166 [+/1385 |+1172 | #1077
Ze | © [1226+ 1227+ 11228+ |122,9+ [123.2+ 1237+ [124,3+ [124.7+]124,9+
+65.3 [+653 {853 |+]65.35 /6535 |+jB5.4 |+i654 |+i654 |+j6B.4
A A |039 038 (0398 Jo41 |0495 Jog5 |084 (091 096
£y wo|362 |14 271 1349 |61 694 825 81,75 (806
My 1Gemi1176 (4538 15042 (11328 (1881 1225644 {26784 |2654 26184
P W o361 1384 (273 M 58 625 [701 |67 645
A W 0,31 1054 |24 307 (547 |592 (668 837 1612
n vg/ph 12991 |2870 |2940 12022 (2850 |2700 |2550 |2460 {2400
M, |Gem |10 |345 (795 (1021 |1869.4 (21355 2551,5 (2522 |2482
£, W 150 49 1467 (432 |38 (241 120 172 11,56
P W (0,016 |0,0165)0,0182 ]0,0185 |00274 {0,047 |0,081 |0,094 {0,105
A (039 |0408 (0414 (042 0516 |0867 [0863 (0,932 [0,975
w 1155 169 |174 1188 |271 1453 |758 885 (968
Pr | W |32 s 142 49 8,7 171 1298 1351 (387
W 287 |308 (318 13135 461 |727 116 1338 (1458
W [281 414 [558 (62 101 1319 11828 (19786 |207
7 % 1.0 254 143 505 |82 - - - -
cosp| - (018 |0484 0,587 [065 0,82 - - - ~

rRal = 0; Xpa(= Xga = 1000 O

’ X2, r—RQi 10002 . ¥42
Ra2 = = =
ra )’ ) [442) ,
i (xpn + Xra) =] +(1000+303)
=20,8 Q
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o
RA
TmaA Ty + XA Xra (XA + XRa)

! p—
ARAZ T 5
7 2
(,RA] + (XmA + xRA)

A2 1000x303 - (1000 +30,3)
2 =294 0Q

2
(%3} + (1000 + 30,3)*

om
3800
M FN
——f
M \.
2000 T AR - ™
/]! N
B
; K \\
1000 B <
ﬂ ‘ !
| 13 l ~
|§ | ~
i 4 A
7 Adm Al 25 a5 475 7

Hinh 13-8. Bac tinh M = {(s) clia dong cd dién mot pha khdi dong
bing dién trd véi £y, = 30 W,

Khi s = 0, tdng trd thit ty thuan va nghich pha chinh cua

mach dién thay the bing:
Zyy = (rsa + gan) +j(Xsa + Xgag) =
= 101,86 + j(35,5 + 1000) = 101,86 + j1035,5 Q

Loy = (rsp + Fraa) + J(Xsa + X gan) =
=(101,86 + 20,8)+ j(35,5 + 29,4) = 122,7 + j64,9 Q

Khi s = 0, dong dién pha chinh bing:
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2Udm _ 2 X 220

I, = = _ = 0,076 — j0,384
ZAl +ZA2 224,5+_}1]OO
[,=0392 A,
Khi sy = 0, cong sudt dién tir:
1 1

Pu=-3 12 P s = — - 0.3927x 208 =-1.6 W.

Tir hinh 13-9 tim ra s, = 0,003, n, = 2990 vg/ph.

G hinh 13-9, dudng biéu dién Pg = f(s) diang dé hiéu
chinh hé s0 trrgt dinh mic. Theo dac tinh lam viéc (hinh
13-7), khi cong sudt tic dung trén ddu truc Py, = 30 W,
$4m = 0,026, ny, = 2920 vg/ph, cosp = 0,65, hiéu suit
7= 0,5. Dong dién dinh mitc Igag, = 14, = 0,42 AL
: 97,4Pgym-10 -10°
Moémen dinh mic M, =— Ram- 19 = 97:4x30-10 =

2920

= 1000 G.cm.

Mdm

30— ___-r_.;?
. 4

4
/i
/ Peoy+ P
—
y

»

T

11

10

7-A

p— o —
&,

/Y
y/ o1 49z 7 %

\4/=0,005 A r Q026

D

Hinfr 13-9. Xac dinh s, va 5,
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Trén hinh 13-7 dudng nét rai 1a dudng dic tinh lam viéc
thi nghiém ctia mot may da ché tao. Tir hinh v& ta thdy, su
khdc biét gifta tri s& tinh todn va thi nghiém nhiéu nhat 1a &
dong dién stato, su khic biét dé khong qud 5%. Nguyén
nhan chinh 12 do céng thitc diing dé tinh tén hao sit khéng
du chinh xdc. Budng n = f(Pg) thi nghiém va tinh todn thuc
té 1a phit hop.

12. Ddc tinh khai déng M = £(s)

Pic tinh khdi déng dwoc tinh trong diéu kién hai day
quin déu thong dién, tham s& & ch€ d6 dinh mdc, véi tir
trudng elip, hé s6 trugt trong khodng s = 5, dén s = 1. T
ch€ d& dinh mic dén ch€ d6 ngan mach, tinh todn cho thdy
dién khing ttng vt khe hd khong khi x,,, thay déi khong
nhiéu (tang 7,5%), vi vy trén thuc t€ khong anh hudng
dén tri s6 momen khdi dong va dong dién ban déu.

Sau day sé& tinh toan bo véi s = 0,25 vi thudng cit cudn
khéi dong & hé s6 trugt nay.

Khi s = 0,25, tham s6 cda mach dién thay thé€ pha chinh
nhy sau:

Tré khdng cia mach dién:
a.f.xpas  00429x0,97 x1000 % 0,25

o = 161,67 Q
RAL T g2 452 00429 + 0,252
oy = a.fxpa(@2-15) _ 46x1,75 9376 O
a® +(2—s)? 0,0429% +1,75%
-
XRA a+s? ig’i % 0,0429 + 0,252
r RA 'y
Xpay = fBrgn —RA  =097x303-
RALTITRA T 22 4 42 004292 + 0252
=571 Q
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h
RA g+ (2-5)?
. ARa
XRA2 = BXga 3 7
a“+(2-3)

442 00429 + 1,75°
303

= 0,97x303- — =30 Q.
0,0429% +1,75°
Téng trés thi tu thuan va nghich pha chinh ciia mach
dién thay thé. _
Ly = (rsa + r'rap) + Jxsa + X'gay) = (101,86 + 161,67} +
+ 355+ 357,1)=2635+92,6 O
Zps = (Tsa + Fras) +j(xsa + X'ga0) =
= (101,86 + 23,76) + j(35,5 + 30) = 123,62 +j65,5 Q
Téng tré thit ty thuén va nghich pha phu ciia mach dién
thay thé:

2

k

Zg = k.t.a[kd—AJ rsa +k rha |+
dB

2

. k

+ 7] kza(ﬂJ XSA +k2xkA] =
kdB

2
= {O,GX 1,234 x 2-[?)’—2?] 101,86 + 067 x 161,67} +

¥

b

2
. 0,722
+j [0,62 Xz.(mj +35,5+0,6% x 57,1}:171,54“ 739,72 O

2

k p

Zpr = k.r.a[ﬁJ Tsa T K gan | +
kqp
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2
k a
kdB

2
0’72§j 101,86 + 0,62 x 23,76} +

k)

= {0,6x 1,234 ><2'(

2
+] {0,62 xz-[%] ><35,5+0,62x30} =121,85+,30Q

Dong dién thi ty thuan cla pha chinh:
, . Lo — jkZ
fay =Uun, B2 ~JKL a2
ZpZgy +Zp2Zp
(121,85 + j30) — jO.6 (125,62 + j65.5)
(263,5+ j92.6)(121,85 +j30) + (125,62 + j655)171,5+ j39,72)

=220 x

= 0,379 — 0,48,
1,,=0615A.
Dong dién thi nghich cta pha chinh:
: Zg + jkZ :
fan=Uy BLT JKLaL 290 x

Zailpy + Zazly
(171,5+ j39,72) + j0,6 (263,5+ j92,6)

(263,5+ j9O2.6)(12185 + j30) + (12562 + j65.5)(1715+ /39,72)

=0,773 - j0,334

I,,=0,842 A.

Dong dién téng cta pha chinh khi khong xét dén tén
hao sit:
Iy=1, +1,,=(0,379 — jO,48) + (0,773 + j0,334) =

= 1,152 - j0,146

I,=1,161 A.
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Dong dién pha phu khi khéng xét dén tén hao sit:

. ) , N A
IB:1B1+IBZZJ%_1_%2_=
_ 0379 - ;0,48 _j 0,773 - j0,334 = 1,356 — 0,656
0,6 0,6

I; = 1,506 A
Dong dién day:
P=i, +1g =(1,152 - 0,146) + (1,356 — j0,656) =

= 2,508 — j0,802.
1=2,633 A.

Khi tinh M = f(s) véi hé s6 truot tir s, dén 1, ta sir dung
tri s& dong dién khong xét dén tén hao sit.

Cong suat dién tir:
Po=204 rpar — 2 as ' paz =

=2x0,615 x 161,67 —2 x 0,842 x 23,76 =88,6 W
Mémen dién tir:

97410 | 974-10°

dt — dt

= -88,6 = 2876 G.cm.

Téng cong sudt co:
Pre=Pu(1-5)=886.(1-025=6645W
Cong sudt tic dung:
Pp=FPyg—-P,—P=6645-3-031=63,14W.
Momen tic dung:
yo 974 P, .10° _974x63,14.10°
ng(d—s5)  3000-(1-0,25)

= 2734 G.cm.
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Khi hé sé truot trong khoang s = 0,20 ... 1, két qua tinh
toan dac tinh khdi déng M = f(s) véi tir truong elip duge
ghi trong bang 13-4 va hinh 13-8.

Khi s = I, boi s6 moémen khdai dong ban ddu bang:

mg = My =—754 =0,75
M,, 1000
Boi s6 dong dién khoi dong:
Ig 3
]K = = RN
fom 0,42

Pong co dién kiéu kin tr 1am maét c6 thé 1am viéc binh
thuong khi lap ditng hay ndm ngang. D€ dam bao it tiéng
6n nén diing 6 d& trugt,

13.2. Tinh toin dong co dién mét pha khoi ding
bing dién dung

Dong co dién mot pha xét & day cé dac tinh lam viéc,
diéu kién 1am viéc va dic diém vé két c4u giéng nhu dong
co dién khéi dong bang dién trd ndi trén.

S6 liéu k¥ thuat clia dong co dién:

P = 30 W; ny = 3000 ve/ph; £ = 50 Hz; U, = 220 V.

Pic tinh khoi dong clia dong co nay khdc véi trude, yéu
cdu c6 boi s6 momen khai dong my, = 2,2.

Dé c6 thé thiét k&€ dong co dién phd hop véi yéu ciu
trén, phai tinh todn lai pha phu, tic 13 tinh todn dién dung
kh&t dong (xem so d6 ddu day & hinh 8-1a).

Tham s6 mach dién thay thé khi khai dong (muc 13-1)
nhu sau:

res = 101,86 Q e = 41,54 Q
X-SA=35,SQ X’RAK= 31,17Q
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Bing 13-4. Tinh todn ddc tinh khdi dong

Tham s8 Ban vi 5=02 0,25 0,5 1,0
Pean O 198 85 161,67 82,6 44,5

o Q 231 23,76 217 415

X pas Q 72 57.1 36,47 31,17

X 2ng Q 29,94 30 30,18 31,17

Zy Q 300,7 + f107,5 2635+ ,7926 184,5 + 72 143,36 + /66,67
Zra Q 125 + 7654 126,62 + /65,5 1296 + /65,7 143,36 + /66,67
Za1 o] 1849 + /451 171,56+ /39,7 143,04 + j32.3 128,24 + /30,38
oo Q 1216+ /30 121,85 + 730 123,27 + /30 128,24 + 730,38
by A 0,55 0,615 0,804 0,935

fs A 0,84 0,842 0,827 0,711

h A 1,1 1,16 1,325 1,39

h A 15 15 1,584 167

/ A 2,51 2,63 2,91 3.

Py W 87,47 28,6 69 23,2

M, G.cm 2840 2876 2240 754

A w 66,7 63,15 31,2

a vg/ph 2400 2250 2026

M G.cm 2706 2734




Fax = Fsa + Faag = 101,86 + 41,54 = 1434 Q
Xag = Xea + ¥ gax = 35,5+ 31,17 = 66,67 Q.

Dé€ c6 thé chon ty s& bi€n ap ¢6 lgi nhét, chon & = 0,6;
0,7; 0,8 va 1 vdi ¢ bing hai tri s6 sau day dé tinh dic tinh
khdi dong:

t=15kvar==t.

Theo bdi s6 my = 2,2 d3 cho, két qua tinh todn dic tinh
khoi dong duge ghi vao bang 13-5. Trong bang ¢ moémen
khoi déng My, dong dién khéi dong I, bbdi s6 dong dién
khoi dong iy . dién dung cda tu dién khoi dong Cy va dién
ap trén tu dién U,.

Tir bang 13-5 thdy dugc phuong dn ¢ = k ¢6 tri s dién
dung nhd hon phuong an r > k, (¢t = 1,5k).

Bdng 13-5. Phuong an tinh todn

Cac | bon

dai vi t=154 =k

lugng

k - |06 07 08 1 06 08 09 11 12

M, [kGemi22 22 22 22 |22 22 22 22 22

e A7 17 17 17 1587 1,582 1585 15% 1,50
ki 4 4 4 4 377 377 377 379 379
o S (1412 N 10 |13 10 9 75 7

| Vo227 229 223 203 240 240 240 235 238

Khi ty s& bién 4p tang lén, dong dién khoi dong trén
thuc t€ khéng déi, chi taing mot it khi tri s6 cia k rat 16n. Khi &
tang thi tri s& 14p ddy ranh ciing ting. Trong pham vi hé s6
ldp ddy rdnh cho phép (k4 £ 0,75), chon phuong én ¢é dién
dung nho nhit va boi s6 dong di¢n da cho (¢ day i, < 4).

222



t=k=09
Theo muc 13-1, hé s6 day quin cla diy quin phu bang
ks = 0,833. VGi ti s6 bién dp di chon, s6 vong day cua day
quén phu bing:

Wy =kW, Faa _09x1332. 2722 _ 1030,
kan 0,833
Liy Wy = 1041
S8 day dan trong mot ranh:
u, Wy 10414y
Op 3

Dién trd tic dung cia mach dién thay th& pha phu lic
khoi dong:

2
Kaa 2
.t —— — R —_
JBK—rBK—k.t.a[k— Foa +hTAg =
dB

2
=09 %09 x 2(%J 101,86 + 0,9* x 41,54 = 157,7 Q.

Pién tré tdc dung clia day quén phu lic khoi dong:
Fsprs = Fex — KoF rax = 157,7-0,9°x 41,54 = 124 O
Chiéu dai diy quén phu:

Yo 3538 19 _ 2765 m.
1332

Lgp = Lsa
SA
Tiét dién day dan ctia day quéin phu:
, L 1 2765
Sip = s — =
Hgs 46 124

Chon tiét dién tiéu chudn Sg = 0,0491 mm?®. Chon day
d 025

NN9B-2 c6 dwong kinh —= .
dy 0285

=0,0485 mm>
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He¢ s6 1dp ddy ranh:
dlu, 0,285 x347

= =0,71.
S, ~ S 39,7

kq

Theo tiét dién tiéu chuén, hiéu chinh lai dién trd tdc
dung cua day quin phu:
s 1400885 _ 15050

- 0,0491

Dién tro tic dung cia mach dién thay th€ pha phu lic

khdai dong:
roe = Psg + K pax = 122,5 + 0,97 x 41,54 = 156,15 ).

Khi khong ¢6 phén tir khoi dong, dién khiang chia mach

dién thay th& pha phu lic khéi dong bing:

. — ’
Fsg = 7Tsr75

i 2

2 dA 2 _

Xpg =k a(—k J Xgp +h vpak =
dB

2
=09° xz-(%) .355+09% x31,17 = 68,5 .

Momen khéi dong khi dd cho my = 2,2:
My=22M,,=2,2x1=22kG.cm.
bién khang pha phu khi khdi dong ¢6 phén tit khéi dong
¢6 thé tinh theo diéu kién my = 2,2 dd cho.
Hé s A va dién khang x’gy:
_ 974k Ulnrkax _ 974x09x220° x41,54 _ 535

A 2 2 - 2 2,
gy (rag +Xax)  3000x(1434° +66,677)
L —Arag AT - My (Mt 2404 ag)
X BK = M =
K
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2.35.1434 - (235.1434)2 - 22(2,2.157,72.2.2,35.157,7.66,67
B 22
=-298Q; x5 =298 02
Dung khéng:
byl = k] + Xpx = 298 + 68,5 = 366,5 Q.

bién dung cua tu dién khot dong:
N 10°
YU 2mfxe,  2%314%50x366,5
Chon C, =9 gF. Liic d6 dién khing khéi dong bing:
10° 108
Xev = =
2. fC, 2x3,14x50x9
b ekl = 1wl = Xag = 353,7 — 68,5 = 285,2 Q0.
Dong dién khdi dong (dong dién day quén chinh I,, va
dong dién day I,):
foo U _ 220
AK = =
Jrac + 53¢ 14342 + 66677

= 8,7 uF.

=353,7 Q.

=139 A,

I =] ("AK+fBK)2+(xAK+xhK)2
K ={ax

2 '2
"Bk + XBK

= 1,585 A.

- 130 x J(143,4+ 156,15)% + (66,67 + 285,2)*
156,152 + 28522
Boi s6 dong dién khéi dong:
I 1585

K=7T =

Tom 042
Hé s6 cong sudt cia pha chinh lic khéi dong:
LN 1434

COSPp =—F——— = =091.
2 xde 14347 c6667

=3,77.
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Dong dién cia pha phu lic khai dong:
Ugr 220

Igk = ! = —— =0,325 - j0,593
rpx + JXBx 156,16 + j285,2
I = 0,676 A
Hé s6 cong suit cia pha phu idc khoi dong:
4 156,16

= (,48.

COS¢BK =
\/;»BZK ixk J15616% + 28520

Mat do dong dién cia diy quin chinh ldc khéi dong:

! 1,36 >
Tag =28 =" - 18,5 A/mm”>.
Ssa 0,073
Mat dé dong dién cia day quén phu lic kh&i dong:
! 76 :
Jpg =2 = 9676 _ 1376 Ajmm?.
Sep  0,0491

Khi chon tri s¢ dién dung 12 s6 nguyén, momen khoi
dong trén thuc 1€ khéng khéc véi tri s6 cho sdn.

F X + ,1, r
BK * AK BK'AK _
K =24 12 2 -

_ 3235 . 156156667 +2852x1434 _ 228 KG.om.
156,152 + 28527
bién ap trén day quan phu lic khéi déng:
Ug = InyZgy = (0,325 + j0,593)(156,15 + j68,5) =
=10,14 + j114,85
Ug=1153V
Dién 4p trén tu dién:
Uc = InZ, =l —ix,)=—(0,325+70,593)j353,7 = -209,7 + j114,6
U, =240 V.
Chon tu dién khéi dong kiéu K50 ciia Nga.
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Hinh 13-10 D8 thi vecto clia dong co dién mdt pha khéi dong bang dién dung.

D4 thi vecto cia dong dién dong co dién khai dong
bing dién dung khi hé¢ s& truot s = 1 nhu & hinh 13-10. So
véi dong co dién khoi dong bing dién tré thi vu diém cua
loai dong co nay 1a véi mot boi s6 moéomen khdi dong tuong
déi 16n (m¢ = 2,2 chit khong phai 12 0,93), boi s§ dong
dién khoi dong lai tuong d6i thdp (7ix = 3,63 chir khéng
phai la 8,36).

Hinh 13-11 14 d6 thi vdng tron dong dién khai dong véi
rgg = 156,15 Q, véi ty s6 bi€n 4p va ti€t dién diy quén phu
di chon. Puong kinh vong tron:

Ugm 220
ra 156,15

Dé xdc dinh ty 1é xich clia momen, cdn tim mémen khéi

dong Ién nhit,

\l’ﬁK + XAk + YAk
Mmax:A' ™ =
"BK

f 2 2
=236, 143,4° + 66,67° + 66,67

156,15

=14 A.

= 3,36 kG.cm.
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j&‘_j

g

Hinh 13-71. D& thi vong tron dong dign khdi dong cla
déng co dién mét pha khdi dong bing dién dung.

Ty 1é xich cia momen:
- Mimax 338 _ g 865 kG.cm/mm

DF 39

Pha phu dugc thiét k& theo diéu kién my = 2,2 da cho.
Véi diéu kién dé (diém E trén vong tron), dién khing cua
.pha phu béing:

Hm
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x| = I sk] + Xpx = 298 + 68,5 = 366,5 Q.
10 108 B
Wfrg | 2x314%50x3665
Tri s6 dién dung cua tu dién khoi dong trén thuce t€ ciing
gin giéng nhu cach phan tich bing giai tich.
Dong dién day khai dong:
I, = 1,585 A; (ix = 3,77).

Tir d6 thi vong tron c6 thé thiy dong co dién nay dat
duoc mémen 16n nhit (diém D) M., = 3,37 kG.cm; ting
v6i dong dién day khéi dong I, = 2,21 A; (ix = 5,3).

Khi hé s6 phdm chit cao nhét (diém C), momen khoi
dong My = 3,14 kG.cm, dong dién day khéi dong [, = 1.9
A; (ig = 4,52).

c, = 8,7 1F.

13.3. Tinh toan dong co dién dién dung lam viéc

Vi du tinh to4n ndy chi y&u diing dé néi l1én dic diém
cha dong co dién dien dung.

S6 liéu dinh mitc cia déng co dién dién dung nhu sau:

Coéng sudt tdc dung dinh mic P, = 25 W.

Téc do dong bd ny, = 1500 vg/ph Gng véi s6 cuc 2p = 4.

Dién ap dinh muc U,, = 220 V.

Dong co dién dung diing [am quat gié nén cé nhitng yéu
cdu rieng: Mémen dinh mitc cia déng co gin bing mémen
cuc dai do d6 b¢ s6 trugt dinh mic twong d6i 16n. Thudng
h¢ s6 truot d6 vao khoang s,, = 0,17, Uing va4i téc d6 quay
1245 vg/ph. Hé s6 truot d6 ki3 16n so véi dong co dién
dung thong thudng, do dé ¢6 nhiing hé s§ sit dung trong vi
du nay khong hoan toan khdp véi nhitng s6 liéu tra ciru
trong céc bang cua sach nay.
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hs = 115mm

B = 75 o
he = 08 2 <
& =101 =

4 =74 -7

be = 2.2

he = 9mm

h12R '4'9

hr = 05

dg = 472

de = 24

b =1

Hinh 13-12 Kich thude ranh stato, rdto.

Viéc xdc dinh kich thudc chi yéu va thiét k€ rang ranh
cla loai dong co dién ndy ciing khong khic gi cdc loai
trude, nén trong vi du nay khéng lap lai viéc thi€t k€ dé ma
chii yéu néu 1én cich tinh todn day quin stato va cdc dic
tinh & ch€ do dinh mite va khéi dong.

1. Cdc kich thude két cdu nhu sau:

Puong kinh ngoai 15i sét state D, = 7,9 cm.

Pudng kinh trong 161 sit stato D = 4,6 cm.

Khe ho khong khi § = 0,03 cm (do ding bac d& nén ldy
i6n 1én mot it).

Pudng kinh ngoai 151 sit roto:
D'=D-26=4,6-2x0,03=454cm.

Puong kinh trong 15i sit réto: d, = 1,2 cm.

Chiéu dai 13i sit stato va roto: [ =g =1, = 2.3 cm.
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S& ranh stato va roto: Zg = 16; Zz = 17.
Kich thuéc rdnh stato, réto nhu & hinh 13-12.
) mx4,6

Buéc cuc: 7= —= = 3,61 cm.
2p 4
D 4.6
Bude rang stato: tg= —= XS 0,903 cm.
Zg 16
Budce rang réto: ty = m_mx454 0,839 c¢m.
Zg 17

Lam nghiéng rdnh & roto va nghiéng 1/16 cua vong tron,
nghia }a mdt bude ranh stato. Nhu vay b, = £, = 0,903 cm

b
va do nghiéng rdnh §, = L = 0903 _ 1,0625.
tg 0839

Goc nghiéng rianh:

[)’n 7 - 1,0625 = 0,785 rad.

Hé s rdnh nghléng déng thoi 12 hé s6 day quén roto:

2sin az—n 2sin 0’;85
k =k = = =0,974.
noTRT T g 0,785
He 56 khe hé khong khi:
t 0,903
kﬁs = § = = 1 N 1 69,

-0 0903-436x003

2 2
trong d6: = (bas 16)"  _ (22/03) = 4,36
S+ (bs/8)  5+(22/03)

t 0,839
hyg = —H—r = ’ = 1,05
B i —¥rd  0839-1333x03 ’
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(hag /8)° _ (1/03)* _
5+(b4R/§) 5+(1/0,3)

ks = ks ksg = 1,169 x 1,05 = 1,2275.

trong dé: 3 =

1

2. Ddy qudn stato

Trong dong co dién dién dung, thudng 14y s6 rdnh cla
hai pha duéi mdi cuc bing nhau, dodé ¢ = Q, = O = 2.

Ding day qudn mét 16p phén tin hai mat phing, nhu
vay day quin buée du:

zZ
y=17= izlé =4.
2p 4
Hé s6 day quin stato:
0,707
ky=—- - 0707 =0,924.
. 45° . 45°
¢sin - 28in—
q
Liy a;=0,64; ky= 1,11; kz = 0,68; B; = 0,49 Tesla,
Ti théng khe ho khong khi:

@ =a;r.lBs107=0,64 x 3,61 x23 x0,49.10" =

= 2,604-107 Wh.
56 vong day cia day quan chinh:
kglU 0,68 -
Wep =01 08 - 220 = 2801 vg

C4ksfPkga 4-111-50-0924-2,604 10
Lay W, = 2800 vong.
S& thanh din trong mét ranh:

_ Wspa 2800x1
Pg 2x2

=700 vg,

trong d6 1dy sd mach song song a = 1.
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Do s& vong day hiéu chinh khéng khac nhiéu so vai s6
vong day tinh todn nén khong cin hiéu chinh lai B; va @.
Tir dudng biéu dién trén hinh 1-3 tra ra 5 cosegy = 0,42
vGi Py, = 25 W, do dé so b xdc dinh dong dién dinh mic
cua day quén chinh:
Py _ 25
M cos@u2 Ug, 0422 x 220

Chon mat do dong dién Jg, = 6 A/mm’. Tiét dién day
dan clia day quén chinh stato bing:

1 )
Sea ~tama 091 0,0318 mm?
H'JSA 1x6

IdmA: =0,19] A.

trong d6 s6 soi ghép song song n = 1.

Chon day men JIBB-2 c¢6 ti€t dién tiéu chuin S, =
0,0314 mm’.

Dudmg kinh day din 1a d/d, = 0,2/0,23 mm?,

Dién tich ranh trir ném:

b 1 10,1 4
St =22 g — hys —h,) = —’57—’<11,5*0=8*2> =

r

= 76,12 mm-,

trong dé chiéu cao ném A, = 2 mm.

Dién tich cdach dién ranh:

Sea= ¢ (by + 2hg) = 0,3(10,1 + 2 x 11,5) = 9,93 mm",
trong dé chiéu day céch dién ¢ = 0,3 mm.

Dién tich rinh ¢é ich: §,= 8", - §,,=70,12 - 9,93 =
66,20 mm”,

He 50 ldp day ranh:
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i Madeg _700x0,23°
s, 66,20

=0,56.

Gian d6 khai trién cia day qudn stato nhu & hinh 13-13.

Fr—~-5 r~==~-°3 rr——-=-23 - ----
i i 1 ! | 1 !
: 1 oy [ !
{ ;o I bt !
Y r 3 4 5 6 7 8 5w M H g5
! 3 ¥
) i { | ! | X
| ! | 1 I | \ 1
T 1 I T ‘ -‘ T ) l
‘r-—————l k———- —‘ |—-—<— ——--‘ |—----——T—-|
| Y I A Lob_ 1 -L_2
-1 -1t —— I
f 1
"5 ;f #Y IX

Hinfy 13-13. Gian d6 khai trién day quan voi % =16, 0, = @, = 2.

3.Trd khdng ciia ddy qudn stato va réto

Dung day qudn déng tam phan tdn, budc day binh quan
= 3. Chiéu dai binh quan phin diu néi:

D+h
ly= kT, ﬂ+23_ku.l+23
p T
6+1,15
=1,3£(4’—;r’—)-%+2x1=6,4cm.

Chiéu dai binh quan nlra vong day:
lw=1+1,=23+64=87cm.

Tong chiéu dai day din cha day quan chinh:

Lgy =21, Wsa- 1077 =2 x 87 x 2800-107° = 487.2 m.
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Dién trd tic dung cia day quin chinh:

487’24 =330,7 Q.

LSA
Fea = Pps 2 =0,0213
Ssa 0,

Heé s6 tir tan rinh {(day quin mot idp hinh nira qua 1¢) stato:

h b
Ag = —Lkﬁ+(0,785———45—+—}2+hﬁ]kﬂ1 =
3d, 2dy  dy  hyg

[10’4 ><1+(0,785- 22 _ﬁﬁ]xl}l,m.

Ix74 2x74 74 272
oday ky=ky =1,k =104 mm, h, = -3,4 mm
Vi ZyfZg = 16/17 = 0,941 v Zy2p = 16/4 = 4, theo hinh
4-9 trara &= 1,27.
He¢ s6 tir tan tap stato:
(,903x 1,27

f
}“l 3 s =
* s 11,9 1,2275% 003

11,958

=2,616.
He s tir tan phan ddu n6i day quin phan tan hai mat phing:

Jag = 0,27% (1,=0,647) = 0,27-%(6,4 ~0,64x361) = 0,96

Téng hé s6 tit din:
ZAg= A+ As+ Ags= 1,01 + 2,616 + 0,96 = 4,586,
Dién khdng tan day quin chinh state:

2
Xgp = 0,153L h -ing =
1004 100 py

0,158

2
50 (2800 23
50 ( J 23 4586 = 163,32 Q.

100 \ 100 ] 2x2
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Roto ctia dong cd dién dugce dic bang nhom. Dién trd
clia thanh din réto:

s -2
f.10 _0’0465.2_’;£g_ =0,422.10°Q,

t ’

W= Prs

trong d6 dién tich thash din (ciing 12 dién tich ranh réto) bing:

d, +d,

S, = %(df +d§)+ hys :%(4922 +2143)+

2+2 .
#2223 09 22536 mmd,

Dién tr6 vanh ngan mach cua roto:

W, gl ) w340

Ty . = -= 0,058.10 Q2.4
Zplaxh) 23 17105

e = Pas

trong dé duong kinh D, = 3.4 em, kich thuéc vanh ngin
mach ¢ x b =10 x 5 mm?,
Dién tro cia phén tir i6ng séc roto bing:

- -4
FoE = 0,422:107 + _st_ﬂ)o_wz
in2 @ 180% %2
2sin” — 2sin( o 2=
Z ST
=0,644-107* Q.

Hé s6 quy ddi dién trdr roto sang stato:
dm(Wekys)®  4-2(2800-0,924)2
Zekar T 170974
Dién tr& roto da quy déi sang stato: .
re = kyarry, = 332,75.10° x 0,644,107 = 2143 Q.

Heé so tir tan ranh roto:

kp» = =332,75-10%.
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' 2
2
7d b /
g = ﬂl&[l__“‘_] +0,66 — 4R k, + MR _

3d1R | 2d]R b4R
422 ) 1 0,5
_| 86 12 66 —— [ 1+—== 1,287
3.4,2 8-25,36 2:472
b
Véi har _ 1 _ 0,119 va P _ 1 3,33, theo hinh
R 8,39 5 03
o L Zg 17 .
4-7 tra duwgc hé s6 A, = 0,02. Vi —==— < 5 nén:
2p 4
A
£o _1+l[ﬂlj____z__2__
S\Zr j 1 (pfZg)
0,0
=1+1-(2—”)———’i7 = 1,0536.
5017/ 1-@nmn
Hé s6 tir tan tap:
t. L
R $r_ _ 0.839x ’0-536_ 2017,
119.8ks 119%x0,03%1,2275
Hé s& tir tdn ddu ndi: -
2,9D, 47D,
/?'dR = o lg b
Z 2sin—-)* 22 iaqa
R ZR) (2 )
29.34 4,73,
= o Ig 1 4 0,436,
17-2.3(2si n— —) 2(54'0,5)

Téng hé s6 tir tan réto:

SAp = An + Ag + A = 1,287 + 2,017 + 0,436 = 3,74,
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2 2
! k 0
s = 2 B[S oqa O OBy g
S&R dR ’

Dién khang réto quy déi sang stato:
sk 3,17

S = T o S16332 e = 1129 Q
S k)

4. Tinh toan mach tw

L&i sit dong co dién nay dung thép k¥ thuit dién cédn
ngudi ky hiéu 2211. Hé s6 ép chat lay 1A k= 0,97. Bé mat
1d ton khong phi son cich dién.

K&t qua tinh todn mach (i duge ghi trong bang 13-6.

Bdng 13-6. Bdng tinh todn mach tic

Cac phan mach tur Mat d9 to théng, Tesla Sire d@ng‘, A
Khe hd khang khi B = 0,49 289
Ranh stato By =14 20,6
Rang rdto Br=1315 12,9
Gong stato Bis =118 213

| Gdng roto B =088 2,5

Heé s6 bio hoa:
_FgH Fpg+ Fpp 28942064129
- Fs - 289
Sic tir déng ciua mach tir;
F=Fs+ Fos+ Fpg+ Fyg+ Fii
= 289 +206+129+213+25=346A.

Dong dién tir héa:

_ pF : 2x 346
T 09mWekys 09%2x2800x 0,924

kg

= 1,104,

=0,149 A.
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Pién khang tng v tir truong khe ho khéng khi:
T = “elan _008X220 _ 1404 0.

1, 0,149

5. Tinh todn ché dé dinh muic
Tham s6 ban dau cia mach dién thay thé€ pha chinh:
rsy = 330,77 Q Xsa = 163,32 Q  x,, = 1004 O
Fen=21430 xga=11290
He 50 trugt dinh mic 18y 84, = 0,17, (ng véi t6c do dinh
muc:
Ram = Aol — $40) = 1500 (1 - 0,17) = 1245 vg/ph.
Tinh hé s6 trd khang cha mach dién:

= Ra 2143 44
Xma +Xga 1004 +112.9
x 1004
= JmA ¥ < o0.

Xma +Xpa 100441129
Dién trd tac dung thit tu thuan cua mach dién:
afxpas  0,191-0,90-1004-0,17

Floay = = 448,75 Q.

R 0.1912 +0.172
Dién khéng the tu thuan cha mach dién:

, (Fpa /X )a:+s2
Xea = ﬂ-xRA RA 2RA . —

& +5
2143/112, 2

= 0901120 ZIA3N2AH0OI+0177 _ fhe 35

0,191% +0,17
Téng trd thit ty thuan pha chinh:
Lar=7ar +j¥a=(rsa + r'rap) + jxsa + X'ga)

= (330,7+ 448.75) + j(163,32 + 608,35) = 77945 + ;771,67 Q.
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6. Tinh todn ddy qudn phu

Tinh toidn day quén phu theo diéu kién dat dugc tir
trudng quay tron & ch& do dinh miic.

Ty s& bién dp theo (8-16):
Xar 7767
ra TI9AS

Dung khidng trong day quin phu theo (8-17):

Xo =kwy + kg = 0,990°x771,67 + 0,990x779,45
=1528 Q. '

Pién dung can thiét:

10° 10°

k= 0,990

Cl = = =208 uF.
2afx, 2ax50%1528
Chon tu C, =2 uF.
Dung khang biing:
6 6
X, = 10 10 =1591,5 Q.

[

27C,  27x50x2

Dé dam bao diéu kién thi hai cla tir trudng quay tron
theo 8-13b, ty s& bién 4p phai la:

2 .
‘o —Tay A HAx X B

2x,,

_ —T77945+779.45% + 4xT7167x1591,5
N 2x 771,67

S6 thanh din trong mot ranh cia day quan phu:
W=k, =1,017 x 700 = 712,1.

= 1,017

Lay ug 14 s6 nguyén, uz = 712 thanh dén, nhu viy sd vong
day cla day quén phu bing:
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Wee = ugp.g =712 x 2 x 2 = 2848 vong.

vil ty s6 bién 4p la:

k= @2% = 1,017.
Wgs 2800
So bo tinh tiét dién day dan pha phu. Chon ¢ = &:
Ssa 0,0314 5
Se=8p= 22 =—— = 0,0308 mm-.
TR T o T 017

Chon day men J13B-2, ti€t dién tiéu chudn $5 = 0,0314
mm?, dudng kinh day d/d, = 0,2/0,23 mm. Nhy vay:
Ssa ‘

t= ——=1.

Sse
bién tré tdc dung pha phu B:
rep = k.frgy = 1,017 x 1 x 330,7 = 336,32 Q.
Téng trd thi ty thuan pha phu:
Zp = (reg+ K2r'ga) + j(x, — x) = (336,32 + 1,017 x
448,75)

+j(1,017% x 771,67 — 1591,5) = 800,45 - j793,37.
Do dién dung chon 12 s§ nguyén nén diéu kién dat tir
trudng tron khong duge thda man, vi vy phai ding céng

thitc chung cho i trudng elip dé€ tinh cdc tham s6 & ché

dinh muc.
Tré khang thit ty nghich pha chinh:
_ afapa@-s) 0,191x0,90x1004x(2-0,17)

?

r , =
T Rt e @—s) 0,191% +(2-0,17)°
933 Q.
. 2
thas = Porgy 2ALTRAJETE )

a? +(2—s)2

do
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(2143/1129)x 0,191+ (2 -017)*

=0,90x112,9 . _
01912 +(2-0,17)°

=111,4 Q2

Zaa=Tpr + jxpar=(Fsa + raz) + Jxsa + Ypan) =
={330,7 + 93,3) + j(163,32 + 111,4) =424 + j274,72
Téng tré thit tu nghich pha phu:
Zy = (rsp + K8 gan) + j(Kx0 — X,) =
= (336,32 + 1,017° % 93,3) + j(1,017° x 274,72 — 1591,5)
=432,8 - j1312,1 Q.
Thanh phan thi tu thuan va nghich cta dong dién stato
pha chinh:
Nl g e Tt
Al1%B2 " La24mI

432,8 — j1312,1 — 1,017 x (424 + j274,72)
(779,45 + j771,67)(432,8 — j1312,1) + (424
+j274,72) (800,45 - j793,37)

=0,1418 - j0,141 = 0,2 [-44,9° A.
I ZBI _jk'ZAI

fan =U =
A2 TTIm 7 aZr —ZanZy

=220 -

800,45 — 793,37 + j1,017 x (779,45 + j771,67)

=220
(779,45 + j771,67)(432,8 — j1312,1) + (424 +

j274,72) (800,45 - j793,37)
= 0,00155 - j0,00059 = 0,00165 [20,7° A.
Stic dién dong thit ty thuan:
E, =15Zga; =(0,1418 — j0,141)(448,75 + j608,75) =
=1494 + 23 =151 V.
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B o Bl g8,
Ugw 220

Sai 8 so véi gia thigt ban dau (0,68) khong nhiéu, do
d6 c6 thé chdp nhan duge.

Hé s6 k¢ =

7. Tinh tén hao sdt va dong dién phu
Trong lugng rang stato: '
Gps = 7,8Zshyshyslsk 107 =
=7,8 x 16 x 0,34 x 1,15 x 2,3 x 0,97.107 = 0,109 kg.
Trong lugng rang réto; '
Gzr = 71,8Zgbaghoplik 1077 =
=78x17,0x0,323x0,78 x 2,3 x 0,97 .10 = 0,074 kg
Trong luong gong stato:
Gys = 7,87(D, — hys) hyslsk,.107
=7,87(7,9 - 0,5)0,5 x 2,3 x 0,97.107 = 0,202 kg.
Trong lugng gong roto: .
G = 7.87(d, + hyp)hglek, 107 =
=787 (1,2 + 0,83)0,83 x 2,3 x 0,97.107° = 0,092 kg
T6n hao sit trén ring stato:
P rss = 18/prasoBasGas ()1 ky =
50
=18x26x14%0,109x1x1,1=101W
trong dé k,. = 1.1 (theo bang 6-2).
Tén hao sit trén ring roto:

1,3
Przg = 1,3[91_0/503%RG2R(5L0) kgc =

=1,8x2,6x1,315x0,074 x [ x 1,5=0,898 W.
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Tén hao st trén gong stato:
s L3
. 2 PR
PTgS = 1,6]?1'0f5(} BgSGgS[SOJ =
= 1,6%x2,6x1,16°x 0,202 % 1=1,21 W.
Tén hao sit trén gdng roto:
f 13
Prgr = L6pLosso B;RGgR[—] =
50
=1,6 x2,6 x 0,68 x0,092x1=0,198W.
Tén hao sit tinh todn cla stato:
Pis= Plys+ Phs = 1,01 + 121 =222 W.
Tén hao sit tinh todn clia réto:
P = Pizg + Pigz = 0,898 + 0,198 = 1,006 W
Khi E, = 151 V thi tén hao sir do ti trudng thuin gay
nén bing:

2 32
E, 151
Prg= P =222 ——— | =2,I8W.
e Ts(k U J [0,687x220j

EY dm
2 2
E .
PTR} = P+R( ! J 51!3 = 1,096 (_—15—1—] 0,]71'3
kel g, {0,687 x 220
=0,108 W.

Py =Prgy + Prgy = 2,18 + 0,108 = 2,288 W.
Dong dién phu thit tu thuan do tén hao sat gay nén:
Py, 2288
L= —Z_ET ZZ_XI—ST
Sitc dién dong thit tw nghich:
Ey = LnZeas = (0,00155 + j0,00059)(93,3 — j111,4) =
=0,0778 + j0,2277 = 0,24 [70.9°.

=0,0076 A.
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Vi stic dién dong ndy qua nho so véi E, cho nén cé thé bd
qua tén hao sit va dong dién phu do thinh phan thi tu

nghich sinh ra.
Dong dién stato c6 xét dén tén hao sit & cudn day chinh:

Ty = U5 + 1) + 17,4, =(0,1418 + 0,0076) - jO,141
=0,1494 — j0,141.
Tops = (I a2 + Ia) + jI"5s = 0,00155 + j0,00059.
O day I’ ), I’ x> 12 phén thue, 7y, 1”4 12 phén do cla
dong dién I, va {,,.
Ioa =lsa, + Isan = (0,1494 + 0,00155) - j(0,141 -~ 0,00059)
= 0,151 —j0,1404 = 0,206 [-43°.
Dong dién trong cudn day phu:
Loy = jhl__'_b_: .(0,1418 - j0,141) N 0,0076 _
k k 1,017 1,017
= 0,146 + j0,1394. :
Lao  Ima __(000155+0,00059) _
k k 1,017
=0,00058 - j0,00152.
Tss = Isa) + Isg> = (0,146 + 0,00058) + j(0,1394 — 0,00152)
=0.1465 + j0,1379 = 0,201 [ 43,3
Mat do dong dién cia day quin chinh va diy quén phu:
SA =—Iﬁ= 0,206 =643 A/mm’,
S, 00314
g 0201
SB *?Bf—m
Dong dién téng stato 14y tir luéi:
Iy=1sy + Iz = (0,151 + 0,1465) - j(0,1404 — 0,1379) =
=0,2975 - j0,0025 =0,2975 [0°.

Isgr=— ]

=637 A/mm’,
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Cong sudt dién tir:
Pa= 23y 1y~ 2la0 Than =

=2 x0,2"% 448,75 -2 x 0,001657°x 933 =358 W
Tén hao co:

2 3 2 3
P.= k2 D, =6 12451179 =43 W.
1000 100 1000 100

Tén hao phu:

P = O,OOSitl = 0,005 —%5— =03W
n 0,4
trong do so bd 18y hido sudt 7= 0,4,
Téng céng sudl co trén truc:
Pe=P,(1-5=338(1-0,17)=29,6 W.
Céng sudt co tic dung trén truc:
Pr=PFP, - Py —-P;=296-43-03=25W,
Momen tdc dung:
Pe.10°  25.10°
10281 1028x1245
Tén hao déng stato:

= 1953 G.cm.

Pos= I§arsa + 155755
=0,206° x 330,7 + 0,201% x 336,32 =276 W
Tén hao déng roto:
Por = 2 jyriars + 2 Rorka2 2 - 9)
=2x0,2°x 448,75 x 0,17+ 2 x 0,001657* x 93,3 (2 - 0,17)
=6,6 W
Téng tén hao:
ZP=Pps+ Ppg+ Pr+ P+ P =
=276+66+23+43+03=41,1W.
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Cong sudt tidu thy:
Pi=Py+ TP =25+41,1=661W .

Hiéu sudt:
p=1-= 12 g,
Py 66,1
Hé s6 cong sudt:
1L 02975
cosp= —=—— =1
Iy 02975

Dién dp trén day quin phu:
Ug = Isu(Zgy -Z.) = (0,146 — j0,1394) x (800,45 —
~ j793,37 + j1591,5) = 5,6 + j228,1.
Upy = Tspo(Zas —Z.) = (0,00058 — j0,00152) x
x (432,8 —j1312,1 +j1591,5) = 0,67 — j0,495,
Ug = Up + Ugs = (5,6 + 0,67) + j(228,1 — 0,495) =

= 6,27 +j227,6 =227,6 /88,4° V.
Dién dp trén tu dién:

U, =IgZ. = —(0,1465 + j0,1379) j1591,5 = 219,5 — j233 =
~ 3202 /—46,7°

Chon tu dién c6 dién 4p 1am viéc 400 V.

8. Tinh todn ché dé khdi déng

Tham s& ciita mach dién thay thé day quin chinh:
afrxga  0191x090x 1004

aZ+1 01912 +1

(rpafxpa ) +1 B

a2+1

FRAK = =166,5 Q

Yrak = Bxga
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=090 x 112.9 (2143/1129)x 0,191 + 1 _ 13350
01917 41
Zag = (Fsa + r'rar) + Jjlxsa + Crax) =(330,7 + 166,5) +
+ j(163,32 + 133,5) = 497,2 + j296,82 Q

Zog = (rsp + K17 gax) + JUx g —x) =

= (336,32 + 1,017% x 166,5) + j(1,017* x 296,82 - 1591,5)
= 505,66 — j1251 €.
Dong dién thit ty thuan cia day quin chinh:

. Uam | Ck
] = - =
AK1 5 {ZAK J ZBK ]

220 1 ) 1,017 )
2 2972+ 29682 ' 50566 - j1257
= 0,240 - j0,1283 = 0272 /-28,1°, A.
Dong dién thit ty nghich cua day quan chinh:

. U 1 ¢
N dm[ +J J—

2 ZAK ZBK

220 I L o1 B
2 \ 4972+ j296.82 ' 505,66 - j1257

= 0,086 - j0,0663 = 0,1086 [ -37,6° A.
Dong dién téng clia day quan chinh:
Tak =Iax; +1ags = (0,24 + 0,086) — j(0,1283.+ 0,0663)
=0,326 -j0,1946 =0,380 [-30,8°A.
Dong dién téng cua pha phu:
Lk _jjA_KZZ_:

fo = By + jlgg = j-2EL
BK = {BK T JMpK % !
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1024 j0,1283 . 0,086 - j0,0663
017 - ' 1017
=-0,061+,0,1514=0,163 [68° A.

Mait do dong khdi dong day quén chinh:

I 038

Jap =22 = =12,1 A/mm*.
AT s, 00314

Mat do dong khdi dong day quédn phu:

Sg 00314

Dong dién khai dong téng:

Ix =Iax +igg = (0,326 + 0,061) ~ j(0,1946 - 0,1514) =
= 0,387 - j0,0432

Ix =0389 /64" A.

Boi s dong khoi dong:

I 0,38
=ﬁ=0—”29—% = 1,3075.
Hé s6 cong sufit tong lic khoi dong:

cos@g = Tk 0387

Ie 0,389

Cong suat dién tir ldc khéi dong:

= 5,19 A/mm*.

g

= 0,995.

Py =mrgag TRy —Tag2) =
=2 x166,5 (0,272* x 0,1086") = 20,71 W,
Momen khai dong:
_ Py 10° _ 20,71-10°
1,028ng,  1,028x 1500

K = 1343 G.cm.
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Boi s6 momen khoi dong:
My 1343
M, 1953

m

myg = = 0,67
Cong sudt tiéu thu lic khéi dong -
Py = Ugnlgcosgpe =220 x 0,389 x 0,995 =85 W.
Dién 4p trén day quén phu lic khoi déng:

Upk =Ipx (Zpk — Z)= (0,061 + j0,1514) (505,06 —

— 1251 +f1591,5) = 20,7 + j97,3 = -99,5 [ -12° V.
Dién dp trén tu lic khdi dong:
U, =lgeZ. =—0,061 + j0,1514). j1591,5

=240,9 - j97 =259,7 [-21,9° V

Tir thi du cé thé thdy momen khdi dong cla dong co dién
dung khong 16n lam: my = 0,67.

13.4. Tinh toin day quin “sin”

Khi tinh todn day quén “sin”, vin dé phic tap nhat la xédc
dinh phin b& cla day din trong cdc rinh dé diam bao triét
tiéu duge séng bac 3 cua dudng cong suc tir dong va giam
dén mifc t6i thiéu séng bac 5 va 7. Trong muc nay s& néu
lén hai vi du dé minh hoa phuong phap gidi quyét van dé.
Khi sip xép lai phan bd clia diy din trong cic rinh, st dung
don vi tuong d6i, nghia 1a 14y s6 vong day nhiéu nhit cua
mot rdnh va sifc tr déng do s6 vong diy dé sinh ra 1am don
vi (i, = 1) hoidc 58 vong day dudi mot doi cuc 1am don vi
Wyp=1.

Vi du I: Thiét k€ day qudn “sin” cua pha chinh stato cé
budc cuc 7, = Z/Zp = 6 rinh.
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Ta cé 7,/3 12 56 nguyén chin. Nhu vay c6 thé ¢6 mot su
phéan b& day din hinh thang 1gi nhat cé ddy trén bang 7,/3.

Tuy vay tay theo su phan b6 diy dén trong rinh ma séng
bac 3 clua dudng cong sirc tir d6ng cb thé bi triét tiéu hoidc
khéng.

Truong hop 1. S6ng bac 3 khéng bi triét tidu. Su phan bd
iy

urm

cua day quén chinh =g, nhu & hinh 13-14a.

Theo 1y thuyét va tir hinh v& thdy trong 7,/3 ranh (nghia
1a 2 rénh) c6 s6 day din nhiéu nhit. Theo su phin bé cia
day quén nay, trong 7,/3 ranh (2 rinh) khéng dit day dén.

<
/ yi 1/ 1 7 7
G'Ef{?aafffzaaszzﬂ
0006886
PRIV IR X 7 7B N e
[ g ——>

rf_a[—L'
T3 |
b) [N )

Hinh 13-14. DG thi dang dé tinh day quan sin véi 7, = 6.

) U
a) sy phan bd cha day din trong cac ranh — = p(x);
ul'ln

b) dudng cong sire tu dong F,, = f{1).
V& dudng cong sic tir dong (hinh 13-14b). Do 7,/3 1a s6

nguyén chin nén & diém gdc tinh todn cha dudmg cong sic
tir dong x, ta cé f(x,) = 0.
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Can cd vao dudng cong sic tit dong tinh todn theo bang
2-4, ta tim dugc cdc tri s8 sau:

a@ T
Xy == chon u  =Afi(-——)=1
'z 12 o0 i =85

3;p s
Ny = A=l Uy = —)=0,5
) ZS 4 r2 MZ(A‘)

Sap 5S¢ S5t
Xy == — . =A(—)=0
3 Zs 12 3 f3 12

Vi fix,) + ZAf(x;)cosdx; # 0 khi 0 < x < %

(0 + lcosij’E + 0,5005.22’E = 0,353),
12 4

cho nén séng bic 3 khong hoan toin bi trigt tidu.
Hé s6 diy quén séng bac v
T T
_f(—t0)+ZAf(—xi)cosmi 0+1COSV-1—5+0,5COSVZ

I' =
dv fa(x) 3/2

2 z 1 T
=—COSV——+ —COSV —
12 3
trong dé f(x) 1a tri s6 tuong d6i cia bién do cuc dai cla
dudmg cong sifc tir dong f (x) = 2Af(x,) = Zu,
Truong hop 2. Séng bac 3 bi triét tiéu, n€u chon phuong
dn phin bé diy dan trong cdc rinh mot cach 1y tudng nhu &

hinh 13-15, nghtala u, = 1, u,, = 0,75 va u; = 0,25 thi cin
¢ vao dudng cong stic tr dong tim dugc:
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7T T
khi Xy =— oy =Af(—)=1
SRy rl fl(lZ)
P ps
Xy = i, =AKR{(—)=0,75
Xy 1 r2 f2(4)
S5z S5z
Xy =— U= —=0,25
BT, £ M‘%(l,’z) .

Vi f(x,) + ZAf(x)cos3x, =0 + lu:c»s?—;E + 0,75(:0537% +

+ 0’2500535_:7 =0.
12

nén song bac 3 hoan toan bi triét tiéu.

a) ?TTTT??TTTI??ITTI@
Yx 13 S 7173 3443
Gemt ' 1 FE¥F 7 1 FT54577 7
PO SO PO OBOQ
72383567875 025304030617
f——— e T — ]
3
/;‘2
Al x
' -
b PR L >
124122

Hinhr 73-15. D8 thi dung dé tinh day quén sin vdi 7, = 6.

a)

M.
= (x);
llrm

b) dudng cong st tir Gong £, = f{x).
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Hé s& day qudn séng bac v
_fCra)+ A (xideosvx; _
) fe)

kdv

0+ Icosv% +0,75cosv +0,25c05v%

2

3 7 1 r 1
=2 CosSV -4 —-COSV— + —COSV—
4 2 12

8
Vi du 2. Thi€t k€ day quan "sin" cta pha chinh stato c6
VA
budc cyc 7, = =% =9 ranh.
2p
Trong vi du nay budc cuc chia chin cho 3 vi la s6
nguyén 1é. Trong trudng hop nay cé thé phan bs day dén
trong mot ranh moét cdch ly tudng. Sau day s& thao luédn hai
cdch phan b8 day din trong cac ranh. O hai trudng hop nay
séng bac 3 hoan toan bi triét tieu nhung & trudng hop mot
séng bac 5 va 7 I6n hon nhiéu so véi trudmg hop hai.
1. Quy ludr phdn b& ddy ddn trong cdc ranh cia day
gudn chinh nhu & hinh 13-16a.
V& dudng cong siic tir dong: & diém gée x, ; fix,) = 0,5.

Khi :% Uy = Afy (x)) =1
2z 3
.,\’2 :‘—9"' Hrz zAfz(,\’Z)IZ
T : 1
Xa=— :A = —
Y375 ey = A3 (x3) 5
4 ]
Xg=-— g =AML () =—
4 9 4 =8y (xy) )
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Vi f(x,) + ZAf(x)cos3x; =
4
= 1 + lcos3—7r + écos3g£ + lc053£ + icosS—ﬂ =0
2 3 4 9
nén thoa man diéu kién triét tiéu song bac 3.
He s6 diy quén song bac v:

k 1+l osvﬁ+lcosvzﬂ'+lcosv""'r + —cosVv il
=— 4 —COsV—+— ——+— Z 4+ —cosv-—
e 9 4 9 6 3012 9

7] ” [[ Il
“ ?45 L1l ?j’/ 71 L ‘f x
Ax {15 S(4L45, 1514445 541 7
6237778215626 11124444311434%
OQO000OORREIIDRE D QOOO
9.3579ff.3f5f7ﬂ® 20503
27476 8710 12714 16 18 28 2F 2h 26
z z
b J— -

Hinh 13-16. D6 thj ding dé tinh day quén sin 7, = 9,
a) phan b3 day dan urm trong ranh &, / . = @ (X)
b) dudng cong suc tir dong £, = T (x).

2. Quy ludt phin bd day dan trong cdc ranh cia ddy
qudn chinh nhuw hinh 13-17b.

Khi xo =0 F(xo) =%
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T
_\’l =‘6 Af(.\'l)=1
2 5
Cy T — A 9 =—
X3 9 f(lz) 6
T 1
P A —_
X3 3 f(.X3) 9
4x 1
Xy =— A X = —
455 \f(xy) p
Vie b odlcos2® 4 Jcos3 2Ty L33 L 1 L4m
2 0 6 0 3

= 0 nén thoa man diéu kién triét tiéu séng bac 3.

4) .
143 14773 11443 ]
222’4’227334’44124424”’4z4
Ceee 00 0@@00@@@0@80@@0@0@@@@
f35 ¢ f1 13 15 {7 21 23 25 77

274" 8101244!6‘(820222426
[+ T —

f #
9

3;?3

5) . ,‘%‘ a3

AtN

tﬁzz:f‘g

’y

Hinh 13-17. D6 thi dung ¢4 tinh day qun *sin” ¢, = 9.
a) sy phan bd day dan trong ranh ¢, / 4, = o(x)
b) sirc tir déng £, = ().

256



Hé s6 day quin sdéng bic v

11 T 5 2z 1 T
kg, =—+-COSV—+ ——COSV—+—COSV— +
3 3 9 18 9 6 3

1 4
+ ——COSV —
18 9

C6 khi ngudi ta 18y téng s& vong day clha mot pha dudi
mét doi citc We/p 1am don vi dé tinh tri s6 tuong d6i cia s
thanh din trong mot rAnh. Nhu vay khi tinh duge sé vong
day W; ta c¢6 thé dé dang dinh duogc s§ thanh dén trong cdc

rinh —fi_ . N&u ding cch tinh ndy thi tri s6 tuong d6i
Ws/p

cla cdc thanh din trong cdc rinh cha cic vi du trén duge
"biéu thi trong bang 13-7. Trong bang nay néu lén hé s§ day
quan cla cdc séng bac 1, 3, 5, 7 cia cic vi dy trén. Theo
bing nay ta thdy trong thi du 1 phuong 4n 1b) 1a lgi nhit vi
triét tiéu duge séng bac 3, con trong vi du 2 phuong 4n 2b)
12 t6t hon vi séng bac 5, 7 bi suy gidm rét nhiéu.

Qua hai vi du trén cé thé rit ra két luan sau: Mic du
thdéa min diéu kién budc cuc 7, 12 boi s6 coa 3, déng thoi
trong z; /3 ranh cia pha chinh dat s6 day din nhiéu nhét
nhung lam nhu vay khéong phai lic ndo ciing c6 thé hoan
todn triét tiéu séng bac 3 (vi du 1-1). Dé triét tiéu séng bac
3 va giam dén mic thdp nhat séng bac 5 va 7, déng thoi
khong 1am giam nhiéu hé s6 diy quin séng co ban, phai

_chon thich ddng phan bg cia day din trong cdc ranh va qua
“tinh toén mét loat phuong 4n dé chon phuong 4n hop ly
nhdt. Cé thé chon su phéan b6 trong ranh theo bang phan bs
day din cua Veinott & phu luc 4.

257



"

Biing 13-7. Phdn bo va hé sé ady qudn ciia ddy qudn “sin

Phuong| Buge |  Quy luat phén b6 day dn trong ranh He sd day quan
; e ul(p
an
Tz

Hohve| 1 | 2 1 3 | 4| 5 | ky | ks | ks | 4

1-a 6 | 13-14a|0667{0,333 0,88 |0.235 | 0,063 | 0,063
v | 6 |1315ai05 |0375(0,125 078 |0 0,0145(00145
2-a 9 | 13-16a [0,167|0,333| 0.25 |0,167 (0,083 [077 0 0,021 10,0382

2b 9 [13-17a|0,167{0,333|0,278/0,167 | 0,055 | 0,785 |0 0,025 |0,0004

13.5, Tinh toin dong co c¢6 vanh ngdn mach

Cich thiét k& 151 sat stato va réto cla loai dong co dién
nay vé nguyén tac ciing giéng nhu d6i véi cdc dong co
dién mot pha khac. Su khic biét 12 & ché trén ring (cuc tir)
cé dit vanh ngan mach.

Viéc tinh todn chinh xdc loai déng co dién nay cé khé
khan vi séng diéu hoa bac cao ¢6 anh hudng rit 1én.

Sau day s& trinh bay mot vi du tinh kiém nghiém tinh
nang cha mét déng co dién ¢6 vanh ngin mach véi céc
kich thudc nhw & hinh 13-18. Céc kich thudc gém: chiéu dai
18i sat / = 4 cm, khe h& khéng khi &= 0,03 cm. Dudng kinh
trong 13i sit stato D = 4 cm. S6 rdnh stato va roto Zg = 8,

Zp=17. Budc cuc 7= = = 74 =3,14 cm.
2p
H¢ s6 khe hg khong khi ks= 1,3 (iinh theo chuong 5) do
dé6 6’ =k;.0=1,3 x0,03 =0,04 cm.
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Chon mat do tir thong khe hé khong khi Bs = 0,45 Tesla
thi tir théng bang:
®=agrdBs 1074 =2 3,14 x 4 x 0,45 =3,6:107 Wb (Vebe),
w

2
& day chon a; = —=0,64.
T :

> &)

. -~
s ! =
= .,
b '/d:' A;é
T N
Q.

Hinh 13-18. Kich thuéc déng ca dién ¢6 vanh ngén mach.

Chon k; = 0,65 thi véi dién 4p ludi Uy, = 127 V ta c6 56
vong diy cta day quin chinh stato:
kepU 0,65x127

= = = 1000 vong.
444  kaa @ 444%x50x1x36- 1074

Ws
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Dién khing tir hoa:

2
ol6m— (Wsde} Lt 1

1004 1002 1008 p

=1,6x 12W_33’¢i =12w2- 107" =125 Q.
100 100 100x0,04 2

Dién tré day quén stato:
2W -0
ro=p st L 2Ws 007 o =200,
S, 46 0113 |
( day chiéu dai trung binh nita vong day I, = 9 em =
0,09 m, tiét dién day din S, = 0,113 mm® dng véi du’cmg
kinh d = 0,38 mm.

Pién khdng tan cia day quén chinh stato:

2
A
xgp =0,158- L S [ Ws .i.L:
50 100

P 4
2
_0158. 20 [ Ws ) 4452
100 \100) 2 1

=0,713- W2 - 10 =71,3Q

Hinh 13-79. Kich thudc ranh day quén chinh.
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trong d6 LA, = Ax + Adga + Au = 0,7 + 0,15 + 3,67 = 4,52,

oday A, = h—1+h—3= 8 +i = (,7. Kich thuéc nhu &
3 by 3x14 10

hinh 13-19.
Aga=0,11 ... 0,16. Chon A,, = 0,15.
0,0468r  0,0468x3,14
s 004

Pién khang tan do rinh chéo cla roto gy nén:

A= =3,67.

Ko =20n =2 % 0,023 x 1,25 W2 107 =0,57W2-107%=5,7 Q,

b Y 2 Y
trong d6 o, = 1’64'(L':_HJ = 1,64-(ﬁle = 0,023,
R 2

& day 14y d6 chéo ranh bing mot budc ranh roto #,.
Téng dién khang tan cla stato:
Xsan = Xsa + Xa = (0,713 + 0,057)W¢ 107 =

=0,77W2.104 =77 Q.
bién tréd twong duong cla tdt ca cdc vanh ngin mach
trén 4 cuc di quy doi sang diy qudn chinh stato:
Wil '(WSdeT 1 2><4x0,0(‘r_( W, x | T
Se  \Wgkyg) 46 12 45025
= 85W2.107™ =850 Q.

O day tiét dién vanh ngén mach Sy = 2 x 6 = 12 mm’,
chiéu dai trung binh nlra vong day /, = 6 cm = 0,06 m; hé
s6 budc ngin cia vong ngdn mach kg = 0,25 (do vong
ngin mach cé budc ngin 12 0,167 titc 13 5 mm).

g =

N /

Dién khang tan clia ciac vinh ngdn mach trong rianh va &
d4u ndi cta vanh ngin mach di quy déi sang stato:
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2 2
W, ! Wek
o = 4x0,158 2 h [We _;_2,1}'3 _stda o _
100 | 100 p.g 2p Wikys

2 2
W,
= 4x0,158 - 2. L L PT Y
100 2 7 ax02s

=1,1W52-10“4:110Q,

Iy

Gday A'p= Ay + < / As= 1,35+ 1—4% 015 = 1,8;
trong do6 hé s6 tir ddn cua tir tin ranh:

A = £L+h—2= 6 +L = 1,35

3p b 3x22 22

Cic kich thude xem & hinh 13-20.

Dién khidng tan tap cia vong ngan mach coi nhu bing
dién khdng tan tap coa day quan chinh stato, nghia la:

f W I A
Xsg = Xsa = 0158 P =
¥sB A 100(100) P g
= 0,158— >0 (WS )= 4 367 _ 0,58 W 104 =58 Q.
100 100" 2 1

bién khang tan do rinh chéo giy nén ciing coi nhu bing
dién khdng tan clia day quén chinh, do d6 téng dién khdng tin
day quén ngin mach d3 quy déi sang diy quén chinh bing:

— -, —
Xgp = X gp F Xgpe T Xsap =

= (1,1 + 0,58 + 0,057)W2.10* z o
= 1,78W,%.107 = 178 Q. Yz
Tham sé cua réto 22 -

S6 ranh r6to Zy = 17.
= * d A 4 4
Thanh dan bang dong do c0 .o 70 vien e ranh vanh
duong kinh di = 2,8 mm. ngan mach.
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Vanh ngidn mach ¢6 ti€t dién S, = a.h = 2x6 = 12 mm”.

Dién trd thanh dan;
/ 10,4

S, T 46 6l

=

=1,4-10 * Q.

bi¢n tré vanh ngan mach:
oAb, 1w (-0032)
trong 46 D, = 3,2 cm 13 dudng trung binh cha vanh ngin
mach.

= 10010 Q.

Dién trd roto quy déi sang stato:

- 4 k 2
TR S S
2sin? 2 Zgkyg
Zg
:(1,4+———1’062 yorpmt . X Hs
2 sin? 2% 17x097
17

=045W3-10*=45Q
Dién khdng tan réto quy déi sang stato:

2
X'y 03160 [ Fskaa | 2e
100 | 100k, Z,

100 | 100x 0,97 17

=0,125W¢ - 10 =12,5Q

& day ks = 0,97 12 hé s6 day quin roto (ciing 13 hé s6 ranh
nghiéng).

trong d6 Tig = Ay + Agg + g = 1,6 + 0,25 + 1,43 = 3.3

2
- 0’3165—0'[LJ Ax12
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L +l =1,62.
2x28 1

b . K
&day A, =(0,785- =R+ 2 =0,795-

dR 4R
Kich thude xem & hinh 13-21.
29D, | A0y
2 2a-b)

2gr =

Zpl(2sin 22y
Zg

29x32 _  47x32

g =
17 x 4(2 sin %)2 2(0,2x06)

*

7 P T 2 2
A =0,165(=) — k3, =0,165-—--—.097% = 1,43.
R (Z ) ) dR 17 4

R Ll

Xét dén dién khéng tan do

ranh nghiéng, coi gi6ng nhu
stato: Zg, = Xu,-

Téng dién khing réto:

AR =Xy +xg, =
=(0,125 + 0,057YWZ.10* =
=0,182 W10 = 18,2 Q. K 13-27. Kich thureic rénh rdto

Tém lai cdc tham s8 ¢ tri

56 sau:
rs_—-329 .X'SA=77Q
rg=8500Q xeg =174
re =45 xp=1820 x,=1250

V& d6 thi vong tron theo phuong phap thong thudng
(hinh 13-22).

Diém 1am viéc cla déng co dugc xdc dinh theo hé s6
trugt. Trong quat thudng chon diém lam viéc t6t nhit & hé
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s8 truot s = 0,2 (gin bing hé s6 truot s, ing v6i M, )-

D6 thi vong tron x4y dung theo mach dién thay thé. Tuy
vay do vanh ngdn mach dat léch mot géc f nén co sy hé
cam gifta hai cuén day chinh va phu, do dé dién dp dat 1éa
mach thay thé khéng phai 14 U ma 1la U' = k', U.

Hinfr 13-22. DO thi vong trdn clia dong co dién cd cudn
ngan mach & thi du 13-5.

Cidc téng trd cha mach dién thay thé nhu sau:
; . 45 .
ot rg)  J125( 4 j18.2)
7= S B 0,2
RAI ™ =

. R . 45
X, +——+ jX 125+ -— + j18,2
J L 05 Hi182)

¥

k)

= 49,6 + j93.6 = 106 /62,1°.
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o 45
PGBk ) J125G 2+ 182)

Zpaz = 2;8 - ,45 ‘
X+ —R— 4] 125+ — + /182
A S T )

= 17,4 +19=26,5 /46".
Zen = Fsa + jXsa = 32 + j77 = 0,835 /67,7°
Zep = Fsp + jXss = 850 + j174 = 868 /11,5°
Ngoai ra khi #=42°(a = 132°) tinh ra:

Zsn 32477
2cos § 2x0,743

=21,4 +j52=562/67,7°

Zyy 850+ 174
2cos f 2x0,743

‘. (Zgg /2cos B+ Zp0s LB
Y (Zg 12008 B+ Zpy [~ B+ (Zsn 12¢05 BY+ Zpps [+ B

584[11,5° +26,5/46° —42°
584/11,5° +26,5{16° —42° +56,2[67,7° +26,5[46° + 42°
=0.94/-6,7°
Timra U=k, U =094 x 127 = 120 V.

Zsan = ky ZSAZﬁ+(1 —kU)M——ZSBZ:—é =

2cosf 2cosf3
, = 0,94 /-6.7° x 56,2 [67.7° + 42° +
+(1 - 0,94 /-6,7°) (58/411,5° - 42°)
= 101/58,3° = 53,07 + j85,93.

=572+ j116 = 584 /11,5°
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Zoag +jxy 53074 /8593 + 7125
JX j125

He s6 €,y =

= 1,68 — j0,427 = 1,74 /—14,2°.

|C |1 Zsae = 1,74 x 101 = 176 (doan AC trén d6 thi);

|C,*xe = 1,74% x 18,2 = 54,5 (doan CD);

IC,re = 1,74 x 45 = 136 (doan DE).

Khi hé s& truot s = 0, dong dién thy ty thuin bing:

U’ 120 B
Tap= 7 = 5 . ; =
SAB T M 3,07 + 85,93 + j125
= 0,138 —j0,547 = 0,564 /-75,8".

Ve dé thi vong tron. Dat dién dp U’ & trén tung do. VE
dong dién khong tai thi ty thuén I, , duge diém A. Sau
dé vé vong tron theo kiéu théng thwong. Khi dong co dién
lam viéc s = 0,2 (diém P) dugc dong dién thi tu thuan [,,

=0,592/-53".

Lic d6 thanh phdn thi ty nghich cta dong dién bing:
(Zsp - 2c088) + Zpa, [ﬁ_
(Zsg +2008B) + Zjaa [~ 5. far=

_ 584 /11.5° +106 /62,17 +42° 0,592 /=53
584 /11,5° +26,5 [46° —42°
=0,567 [-12,3° =0,419 - j0,381.
Dong dién trong day quin chinh va phu d3 quy déi cla

stato bang:
:IAI_IAZ@___
1-/-2a
05 2 /-50° — o
92/ 0,567 /423° —(2x132°) — 0.632/-s
1-/(2x132°)

A2 T

Igp
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i _J I —Tay _j 0592 /[-53° -0567 [42.3° _
2 2 sin132°

sina
= 0,076 [-25.2°.
Dugc: [, = 0,632 A; I;=0,076 A.
Tén hao trong day quin chinh stato:
Ppa = rsal’sa = 32 x 0,632 = 12,8 W.
Tén hao trong day quin ngin mach:
Pog=rel’ss =850x0,076° =492 W.
Cong sudt dién tir thd tu thuan va nghich:
Py =g g = 0,592 x 49,6 = 17,4 W.
Pur =P reaz =0,567° x 174= 59 W,
Tén hao déng r6to do dong dién thi ty thuan sinh ra:
Popi=Puys=174x02=35W.
Cong sudt trén truc do thanh phén thit tu thuan sinh ra:
P =Pau(l-5=174%x(1-02)=139W.~
Cong sudt him trén truc do thanh phidn thir ty nghich
sinh ra:
Pra=Pys— Ppra={(1 —8)Psy=(1-02)59=47TW.
Tén hao co: Liy P, = 1,2 W.
Céng suft co & dfu truc:
Po=P g —Pp—P=139-4T7-12=8W.
Cong sudt dwa vao: |
Po=Ulcosp=127x0,632x05=41W.

g day cosg = 0,5 duoc xdc dinh trén d6 thi vong tron.
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Cong suit dwa vao cé thé tinh theo cong thirc:

PS:PR+2P=PR+PDA+PDB+P})RI+Pdl2+P,R2+PC0‘=
=8+ 128+491+35+59+4,7+12=41W,

Hiéu suit:

:E— =i= 0,195
Py 4l

Trong loai déng co dién nay tén hao sit nhé so véi toén
hao déng, cé thé khéng tinh. Hiéu suit thuc t&€ cao hon tinh
todn vi séng bac 3 va 5 sé 1am cho tdc dung nglu luc giita
day qudn chinh va vong ngin mach tang 1én.

Phan tich t6n hao thdy ring tén hao 16n nhit 12 tén hao
déng trong stato va trong roto do thanh phan thi tu nghich
sinh ra (5,9 + 4,7 = 10,6 W).

Ngoai ra trong cuén ngin mach tén hao do tdc dung cla
séng bic cao s€ 16n hon tri s6 tinh todn, do dé cudn ngin
mach s& néng lén d& 1am cho cdch dién clia day quédn chinh
bi hong, nghia 12 tén hao trong cudn ngin mach anh hudng
rit nhiéu va rd rét dén hiéu suit cia may.

Tir 46 thi vong tron duge dong dién thi tu thuan lic
khdi déng:

o= 0P, = 0,89 A,
Dong dién thit tu nghich lic khoi dong:

o (Zgy [2c0s B+ Z. 18 o
ST (Zgg [2cos B+ Z, - S

584 [11.5° +403 [39.2° + 42°

584 /11,5° +403/39.2° — 42°

x0.89 = 0,84 A,
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X
gt - Ll )80
= 40,3 /39,2° = 31,6 +j25,5
Cong sudt thi ty thuin ldc khoi dong:
P = Pémra =0,89% x316=248 W
Cong sudt thd tu nghich lic khéi dong:
Piax =1dgrs =0847 x31,6=22 W
Boi 38 mémen khoi déng:
_ Fag = Paox _ 24,8-22
K PR id-s)  8/1-02)

1

Tur vi dy tinh todn trén thdy ring dong co c¢é vanh ngin
mach va loai déng co dién khong c6 diy quan phu cin ban
giéng nhau vi vy ngin mach inh hudng it dén séng co
ban. Ddng dién tir héa 16n 1am cho tén hao trén stato va
roto Idn, hiéu sudt gidm nhung khe hé khong khi khéng thé
gidm nhd dé dim bio mémen khoi dong.

Vi du tinh todn trén vach cho ta m6t phuong phdp tinh
todn loai déng co dién c¢é vanh ngdn mach. Mitc dé chinh
xdc cia phuong phdp tinh nay cidn dugc khao nghiém thém
vi trong cédch tinh da bé qua anh hudng cla nhing 14 ton
lién cuc va ciha tén hao sit.

13.6. Tinh toin nhiét cua dong co dién khong dong
b6 cong suit nho kiéu kin ¢6 quat ngoai vo

Tinh todn nhiét theo so d6 nhiét thay th€ d6i véi dong
co khéng dong bd ba pha AOTI 11-1. Céng suit P, = 180

W, t6c do quay n,, = 2800 vg/ph. Dong co dién kidu kin
¢6 quat gi6 thdi ngoai vo.
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S6 liéu ban ddu (kich thudc hinh hoc 14y don vi 12 cm):

D, =102;ls=4,6; D=6; §=0,025,D,=12,37; |, =
19,6; Dy, = 11,6; Dy, = 5,6; d, = 0,75; dy = 0,53; hy = 1,2;
& = 0,005. Chiéu réng binh quin cta ring stato h,, =
0,35; chiéu cao cla gbng stato f,5 = 0,9. Dudng kinh day
din stato d = 0,31 mm ké ca céch dién day 0,36 mm. Li
thép k¥ thuat dién c6 quét son cach dién véi hé s6 €p chat
k. = 0,93. 6 ranh stato Zg = 24. Tén hao déng stato Py =
42 W ; tén hao sit Pr = 20,2 W, tén hao co (khong bao
gém tén hao cdnh quat) P, = 5,5 W; t6n hao day qudn roto
Por = 1,75 W; t6n hao phu P; = 0,9 W; téng t6n hao TP =
91,5 W.

Tinh todn nhiét ird theo bang 12-1a.

Nhiét tr& clia cach dién day din trong rianh:

_ dy+dy, 075+0,53 :

n] = = = 8,9.
4dy  4x0036
mpazs 12 _ g
724, 2x0036
5' 0,0005

o) =8"(m —1)+?=0,005x(8,9—1)+—2—= 0,042 cm.

&' 0,005
2

83 =0"(ny —1) + ?=0,005 x{17—-1) + = 0,0825 cm.

0165
192 _ 0,042 x 0,0825 _ 0,0167 cm.

Su = - -
© 285 +6] 2x00825+0,042

[ =k 1=46x0,93=4728cm.
C=d+Zh=075+2x1,2=3,15cm.
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S 0,0167

= = = 0,129 °C/W
Zghcky 24x428x315x00004

Rcd

Nhiét tré cia cich dién ranh:
5, 0,03

R, = = = 0,185 °C/W.
ZC -l ks 24x4,28x3,15x0,0005
Nhiét trd cla gong stato:
k
Rp=—2 06 _ 00124 °c/w.

Sgskr  125x0,58

trong d6: Sys= 2Dl = 7% 9,3 x 428 = 125 ¢’
D, +D+2h;g 102+6+2x1,2
]'I‘ = =
2
Nhiét trg cla 16p rang stato:

oo o 12
2 S,eke  359x058

D

=973 cm.

~ 0,0577 °C/W.

trong dé: :
Szs = Zshyl = 24 x 0,35 x 4,28 = 35,9 cm’.
Nhiét tr& cia 18p ring do tén hao déng stato:

h
2hzs =0,0577 x %X_llsz ~ 0,044 °C/W.

k]

Szp =Ry

Nhiét tro cia khe ho khong khi:
& 0,025

= = = 1.25 °C/W.
Soky  86,7%0,00023 W

R

trong dé:
Ssg=mDl= 7% 6 x4,6=867cm’.
Ldy nhiét (r& cta roto: Ry = 0,5 °C/W,
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Nhiét tr& cta nip may: R, = 0,001 °C/W.

Cach xac dinh nhiét thé€ ciia ngudn nhiét theo bang 12-1b.
Nguodn thé clia nguén nhiét do tén hao sit stato sinh ra:
Ve =0,5P; (Rp + Ry )=0,5 x 20,2 x (0,0124 + 0,0577) =

=071 °C.
Nhiét th€ clia ngudn nhiét do tén hao déng stato sinh ra:
Ve = (Pos + 0,5P) Ry = (42 + 0,5 x 0,9) . 0,129 = 5,5°C.
Nhiét thé clia nguén nhiét do tén hao déng réto sinh ra:
Ve=(Pox + P + 0,5P;) Py =
= (175 +55 +0,5%09) x 0,5 = 11,7 °C.

Céch tinh nhiét d6 cta vo nhu trong bang 12-2.

Nhiét dé moi trudng ¢, = 25°C.
Nhiét d6 gin ding cliia vo mdy:
P 91,5

by = = ~ 6°C,
Svkki  1000x79%197-1073
trong dé:
D? 12,37° .
Sy = n’T + Dy 1y —L2—+ r%x12,37x19,6 =1000 cm”

ky =0,56-107 DY =0,56.107 x12,37% =

=197-10 W/em?°C
706 . _4
kg - 1074 n(Dy, — Dgy) =
rl

_ 708 04 x2800% (116 ~ 56)= 7.9.

1

trong 46 k,, = 1,5 khi 2p = 2.
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Nhiét [ugng bic xa:

4 4
1
_Pbx=1,6k'SvD35[[mf)O] {1(;)0] }:

4 4
304 8
= l,63x0,9x1000x12,370'5t:[ J _( 29 J } =341 W

1000 1000
trong d6: K = 0,9 (mau xdm)
=273 +1,=273 + 25 =298K
t,=fH + @y =298 + 6 = 304°K.
Nhiét lugng tan ra do d6i luu:
Py=LP-P,=915-341=8809W.
Do tang nhiét binh quan cia vé:

4,8 0.8
Ok, P
6. _(536 . m} ﬁ[ 5360x0,87><88,09] - 8.65C.

SyksDY ) L1000%7,9x 12,377
Vi ¢ = 8,65°C va lic ddu gia thi€t 1a 6°C khdc nhau kh4
nhiéu, do vay phai tinh lai l4n hai. Chon &’, = 8,4°C, nhu
Vay 1, = 298°K v 1, = 1, + 87y = 298 + 8.4 = 306,4°K, lic
dé nhiét lugng bic xa bing:

4 4
P, =1,63x0,9x1000x 12,37%3 [30& (2B 465w
1000 {1000

Nhiét lugng tan ra do déi luu:
P, =91,5—4,65=8685W,
va d¢ tang nhiét binh quén cua vo6 mdy bang:

038
o - 5360><0,87x86,§55 _ 56
1000x 7,9 % 12,37%
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Nhiét do binh quan cia vd mdy:
ty=t,+ 6,=25+ 8,6=33,6C.
Nhiét do tinh todn clia vo mdy:
fy =t + Bv=25+9,8=348C.
trong d6: 6,y = 6, k. = 8,6 x 1,142 =9,8°C.

0.5 0,5
k, = 0,906 a2 [ 0,906-( 196 1" 1142,
Dy 12,37

Tinh toan d6 ting nhiét:

Tinh todn d¢ tang nhiét cdc bd phin cua mdy dién theo
so do nhiét thay th€ & hinh 13-23.

K&t qua tinh todn ghi trong bang 13-8. Bang nay tinh
theo bang 12-3 (muc 12-2). Vi dong co dién nay cé quat tu
1Am ngudi nén phai boé diém 6 va 7.

| By =3, 5°C

Vos =567

“Hinfr 13-23. S0 d8 nhiét thay thé cha dang cd dign kidu AOT 11/2.
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So b6 tinh nhiét luong cua cdc phdn trong so dé nhiét
thay thé:

Q=0 =Pps +05P, =42 +0,5x09=4245W,

Q.=+ Pr=42,45+202=62,65W,

Q' r=Ppr+0,5P;+ P,=175+0,5%09+55=2345W

Duya vio 4o tang nhiét binh quin cia day quén tinh ra
nhiét d¢ binh quan ctia day quén:

tig= Grs +1,= 29,8 + 25 = 54,8°C
trong d6:
Ges=1,16, =1,1 x 27,05 =29 _8°C.
Theo s6 liéu thi nghiém, nhiét d6 binh quan cia day
qudn dong co dién ACOT 11/2 1a ¢, = 56,4°C.
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Bdng 13-8. Tinh todn d¢ tang nhiét cia déng co dién AOT 11/2,

Cac diém
trén sgdd ;  Tén cac phan Tinh toan gan ding lan 1 Tinh todn gén ddng ldn 2
nhiét thé ﬁ
gvag Mat ngoai vd Vool = 0.5°C Vo =V =8y =9.5°C
méy 8 9 my b o ="—(V3'—I/1r1)=—(13—21,2) =935
¢ R 125 ’
3 Mat ngoai cla Vi=lg +V. + Q' (R + Ryy) Va=lg +V, +(8 +Q5) (Rr + Ry =

rang

=9,5+0,784 +4245 (0,02 + 0,044} = 13°C

=9,5+0,784 + (42,45 + 9,35)(0,02 + 0,044}
=13,6°C

2 Bé matdayddn | V2=Vi+QR =13+4245x0185= Vo=V3+ Q= 13,6+ 42450185 =

trong ranh stata = 20,85°C = 2145°C
1 Day dindgita | W =Vi+ Vs =20.85+56=2645°C V=Vt Vs =2145+ 56 =27,05°C

p =Y

ranh AT ]
10 Mat trong ciia I&p | Vio =V + @Ry =95+ 2345 x 0,001 = Qp =0 —Us= 2345 -9.45 = 14,1

may

=9,52°C

Vig=Vh + Ry =95+ 14.1 x 0,001 =
= 9,65°C

Mat ngoai roto

Wi=Wo+Vg=19,52 + 11,7 = 21,22°C

Viy=Vo +lR =951+ 11,7 = 21,21°C




Phu luc 1.1

Budng cong tir hod H = f(B) clia thép k¥ thudt di¢n
cdn nong 1211, 1212, 1213, Alem
& rdng vd gong déng co dién khong dong bo

B Tesla h Aem B Tesla H Aem
rang gdng réng géng
0,05 0,20 0,18 1,20 593 4,10
0,10 040 037 1,25 6,51 455
0,15 0,60 048 1,30 724 5,09
0,20 0,80 0,57 1,35 8,04 572
0,25 0,86 0,85 1,40 8.97 6,56
0.30 092 0,72 1,45 10,00 7863
0,35 1,00 0,80 1,50 11,20 905
040 1,40 0,89 1,55 13,70 10,90
045 1,55 0,98 1,60 14,50 13.70
0,50 174 1,08 1,65 16,50 17,20
0,55 1,90 1,20 1,70 19,00 21,80
0,60 204 1,31 1,75 22,20 2720
0,65 2,24 1,44 1.80 27,00 36,60
0.70 245 1,59 1,85 33,30 49,00
0.75 2,67 1,76 1,90 41,60 66,00
0,80 2,92 1,94 185 53,30 82,00
0,85 3,16 212 2,00 67,50 111,00
0,90 342 23 2,05 85,20 142,00
0,95 372 2,52 210 100,00
1,00 403 274 215 130,00
1,05 440 3,00 2,20 159,00
1,10 488 3.32 225 191,00
1,15 537 367 2.30 246,00
2,35 310,00
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Phu lyc 1.2

Puong cong tit hod H = f(B) ciia thép ky thudt dién cdn ngugi
2211, 2312, & gong dong co dién khiong déng bj

8, 0 |001]002(003]|004(005]|006]007 0087009
Tesla
04 (089081093094 :09 (0981 10 (102104106
0,5 | 108 11 | 1131115 148 | 1,2 [ 122|124 | 1.26 | 1,28
06 [ 1311134 (136 (139|141 | 144 147 | 16 | 183 [ 1,56
07 (159|162 |166 ;169 | 1761172 ] 18 183|186 19
08 | 1,94 198|201 |204 |208 212|216 | 22 ;223|227
09 | 231 (235|239 243|248 1252|255 | 26 | 264 | 2869
10 | 2741279 (284 (289|295 30 ;3053111318323
11 332|338 | 344 | 351357367374 (382 39 ]398
1.2 41 | 418 | 426 [ 4,35 | 444 | 455 | 466 | 475 | 4,87 | 4,98
13 | 500|521 (533|546 | 558 | 572|585 | 60 | 6,18 | 6,35
14 |65 [675 685|717 | 74 [ 763 789|815 | 843 87
1,5 1905|934 965 (100|104 ;109|113 119 124,129
16 (137|144 (152 150 | 166 (17,2 18,2 | 191|201 | 21,0
1.7 | 218|231 | 241 | 255 | 26,1 | 27,2 | 284 | 29,8 | 31,3 | 329
1,8 1346 1363|380 (397|414 |430 (449|467 | 485 | 504
1,9 | 522 ] 56 60 64 69 74 79 85 91 97
2,0 104 | 111 | 118 | 125 | 133 | 141 | 149 | 158 | 167 | 176
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Phu luc 1.3

Buong cong tit hod H = f(B) ciia thép kj thudt dién cin ngudi
2211, 2312 d riing dong co dién khong dong bi.

1
B, 0 001 { 0,02 {003 004/005! 0086 1007(0,08) 0,09
Tesla

04 (14 143 1446 (149 (1521550158 |1,61[1,64 1,7
05 |1.74 1,77 [18 184 (186 (19 192 |196198 202
06 1204 |209 j213 [216 [1211224 1229 [233(237 241
0,7 1245 (249 (253 (257 (262267272 [277)282)287
08 1292 |297 (302 {306 |311(3161322 [3.26]331 (3,37
0.9 342 (347 (353 (36 366372379 |384)39 396
10 1403 409 1417 1425 (43344 [45 (46 (47 (477
11 (488 (497 509 517 ;527537547 [559)570)582
12 1593 |602 1613 626 6,38 651 (663 {6,77(695(710
13 (724 {738 [766 (77 179 180482 |84 (857|879
1‘4‘ 897 (917 1936 (955 [977 (10,0102 {104 |1406 109
1.5 (11,2 (w5 1T 120 1124 1127 1131 (133 )113,7 1144
16 1145 |149 [153 (156 (161 (165169 [175:179]184
1.7 1190 1194 1200 j20,7 |14 1222230 1238|25 |26

18 |27 28 292 (305 (32213330349 1361371400
19 416 [435 )48 48 50,3 | 633543 (579|613 64,2
20 |675 (717 (74 779 1815852/900 [940)975)102
21 106 110 1445 121 126 | 130 [ 1356 |[141 [147 (154
22 1159 165 173 (178 (185 (191 196 203 | 211 | 220
23 231 [243 [255 268 |281 295 | 309 |324 [329 |364
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Phu luc 2

Dueong kink va tiét dién ddy ddn men, ky hiéu I13TB,
o»B-2, I3T1-155

Puang kinh | Dudng Tiét dién | DBudng kinh | Dudng kinh | Tiét dign
chuincia |kinhtrung | daydin | chudncia | trungbinh | day dén
day dan binh cd | khéng cach | day ddn  |cd cach dign| khéng
khéng cach | cach dién, dién, khong cach cach dién,
dign, mm mm mm? dign, mm mm mm’
0.08 0.10 0.00502 0425 0,465 0,1419
0,09 0,11 0,00636 0,45 0,49 0,1590
0,10 0,122 0,00785 {0,475} 0,515 0,1772
0,112 0,134 0,00985 0,5 0,545 0,1963
0,125 0,147 001227 " | (0.53) 0,585 0,221
{0,132) 0,154 0.01368 0,56 0,615 0,246
0,14 0,162 0,01539 0,60 0,655 0,283
0,15 0,18 0.01767 0.63 0,69 0,312
0,16 0,19 00121 (0.67) 0,73 0,353
017 0,20 0.0227 0.71 0,77 0,396
0,18 0,21 0,0255 0,75 0,865 0,442
(0,19) 0,22 0,0284 0,80 0,365 0,503
0,20 0,23 0,0314 0,85 0,915 0,567
0.212) 0,242 0,0353 0,90 0,965 0,636
0,224 0,259 0,03%4 0,95 1,015 0,709
(0,236) 0,21 0,0437 1,00 1,08 0,785
0,25 0,285 00491 1,06 1,14 0,683
(0,265} 0.3 0,0552 1,12 1,20 0,985
0,28 0,315 0,0616 1,18 1,26 - 1,094
(0,30) 0,335 00707 1,25 1,33 1,227
0,315 0,35 0,0779 132 1,405 1,368
0,335 0,370 0,0881 1.40 1,485 1,539
0,345 0,395 0,099 1.50 1,585 1,767
0,375 0,415 0,1104 1.6 1,685 2.011
0,40 0,44 0,1267 1,7 1.785 2,27
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Phu luc 3
S6 li¢u dung d€ tinh tén hao sdt réto.

Hé s6 trugt, s g3 (2-s) (2 - 8)'®
0,01 0,00025 1,99 2,444
0,02 0,00081 1,98 2,432
0,03 0,00105 1,97 2413
0,04 0,00151 1,96 2,399
0,05 0.00195 195 2,382
0.06 0,00257 1,94 2,366
0,07 0.00316 1,93 2,345
0,08 0,00376. 1,92 2,333
0,09 0,004347 1,91 2,317
0.10 0,05012 1.9 2,301
0.2 0,12340 18 2,148
0.4 0,30386 16 1,845
0.6 0.51520 14 1,549
0,8 0,74820 1,2 1,268
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Sur phdn bo' ddy ddn trong cde ranh ctia ddy qudn “sin” vi
hé s& didy qudn (trich bdng ctia Veinott).

Phu luc 4

sS4 rgr?h Cach sap x8p déay dan mit béi day dud mdt cuc L1 U, Hfazﬁ Ty 58 song bac cao so véi
thit | dugi quan song co ban &,/ &,
wimot{ 1123 lalstel7]| 8o t10]11l121131smngeo
T oue ban £, £ K ! Ky
1 4 1 1 0 1 1 (,85355 | 0,0572 | 0,0343 | 0,1429
2 4 (12| 1 ‘ 11112 0,80473 | 0,0573 1 0,0243 | 0,1429
3 6 1 1 0 1 1 0,83651 | 0,0000 | 0,0536 | 0,0383
4 6 (127 1 |12] 0 [12| 1 |12 0,60801 | 0,0000 | 0,0144 | 0,0103
5 6 1 1 1 0 1 1 1 0,78867 | 0,0000 | 0,536 | 0,0385
6 9 1 . 1 (12100 0 |12 [ &1 1 (,86889 | 0,0664 } 0,0363 | 0,0021
7 9 1 1 1 o {01 1 1 0,83120 | 0,0000 | 0,0453 | 0,0664
8 9 1 1 1231010 0 (281 1 1 0854751 0,0422 1 0,0396 | 00083
9 9 |12] 1 11121 0 0 |112) 1 1 112 0,81858 | 0,0000 | 0,0296 | 0,0092
012 ] 1 1 1 1 0] 0|0 0 1 1 1 i 0,82935 | 0,0000 | 0,0429 | 0,0235
ft {12 ] 1 1T 23 (23113 0 23 | 43123 1 1 0,77629 | 0,0194 | 0,0179 | 0,0002
1211211121 1 1 |112] 0 0 1211 1 1 | 1/2 | 0,82226 | 0,0000 | 0,0343 | 0,0144




3¢

Phu luc 5.1
Sé liéu diy qudn dong co dién khing déng bé ba pha didy 4A cd chiéu cao tam truc 50 - 71 mm

Kiuco {Cong | S§ | Budc | Chidu U = 1277220V U =220/380 V
dien | sullt, | cyc | day, |daitung] s§ | Buang | Bien | Trong 88 | Duong | Digntrd| Trong
P 2p y binh 1 | thanh | kinh [trdmét! luong | thanh | kinh mét | lugng
w vong | gan | day, d| pha, | day dén | day, d | pha, day
day, / trong 1| mm 5 Q | dbng, | trong1 mm I e déng,
MM  franh & G, kg | rdnh 4 G, kg
1 2 3 4 5 6 7 B 9 10 11 12 13
4AAS0A2 | 90 294 260 | 0,35 | 28,2 | 0,43 | 450 027 | 823 | 044
2 7.5
4AA50B2 | 120 310 228 | 041 | 191 | 054 | 394 031 | 578 | 053
4AAS0A4 | 60 230 367 | 033 [ 352 | 042 | 63 027 | 910 | 048
4 3
4AAS0B4 | 90 250 289 | 0,38 | 227 | 048 | 500 0,31 | 591 0,55
AAASBA2 | 180 306 93 | 041 | 160 | 644 | 166 029 | 549 ! 04
2 11.9
4AA56B2 | 250 | 324 82 | 044 | 129 | 047 | 143 033 | 386 | 046
4AASBA4 | 120 257 133 | 041 | 18,5 | 0,51 254 029 | 705 |05
4 7.5 .
4AA56A2 | 180 275 117 1 044 [ 150 | 057 | 203 033 | 465 | 055




1 2 4 5 6 7 8 9 10 11 12 13
4AAB3A2 | 370 330 73 0,51 8,41 0,58 126 0,38 26.2 0,55
2 1,9 _
4AAB3B2 | 550 350 58 0,57 5622 | 0,60 101 0,44 16,7 0,62
4AAB3A4 | 250 272 93 0,49 10,1 | 0,59 169 0,38 29.0 0,61
4 7.5
4AAB3B4 | 370 289 79 0,53 71 0,59 137 0,41 21,4 0,61
4AAB3AG | 180 244 98 0,44 16,8 | 0,64 170 0,33 51,9 0,62
6 7.5
4AAB3B6 | 250 286 76 0,53 10,5 | 0,83 131 0,41 30,0 0,85
4AT1A2 | 750 420 89 0,53 12,0 0.91
2 11;9
4A71B2 | 1100 438 73 0,59 8,35 0,96
4A71A4 | 550 336 113 0,53 12,2 092
4 7.5
4AT1B4 | 75 354 94 0,57 9,45 094
4AT1A6 | 370 300 114 0,47 21,2 0,97
6 7.5
4AT1AE | 550 350 85 0,53 14,45 | 1,08
4ATIBS | 250 | 8 6; 35" 296 148 041 | 35,6 0,95

Ghi chi: Cac dong co dién c6 chiéu cao tdm truc H = 50 - 63 ding day men IBTBM cich dién

cdp E con vdi chi€u cao tam truc 71 mm thi ding day II9TB cdch dién cédp B.

* C6 mot bai kép vai bude day 5; 3 va mot b6i don véi bude day 5.




Phu luc 5.2

56 lieu ddy quéin déng co dién dung (4AAT va AAXT),
cd dién dung khai dong va lam viéc (4AAXT va 4AXYT)
ddy 4A, tdn s6 f =50 Hz

[ Cong | S8 | S8 Duimg 56 | Dian | Chiéu | Trong
Kifu dong |sust 2| cye | vong | kinhdéy, |thanh | trd |[daitrung| jrang
ca dién W | 2p | day did,, din |phad| binh1 | day

clta trong | 20°C | vong | déng
mét mm mot Q0 davd, | G,
pha W ranh ¢ cm kg
1 2 3 4 5 6 7 8 9
4AXTT1 A2
550 |2 288 0,59/0,66 |72 7,85 42,0 0,284
4AXYT 71 A2

4AXT 71 B2

50 |2 248 0,64/0,72 |62 6,0 |43.8 0,301
4AXYT 71 B2

AAXT 71 Ad

370 |4 452 |053/06 {113 (123 (336 |0,288
4AXYT 71 A4

4AXT 71 B4

550 4 |396 |055/0,62 |99 |10,5 |354 10,286
4AXYT 71 B4

4AAT 63 A2

250 (2 1480 [0.141/0,47{120 {238 |36,7 (0,206
4AAYT 63 A2

4AAT 63 B2

370 |2 |356 [049/055 |89 1130 (385 |0.222
4AAYT 63 B2

4AAT B3 A4

180 |4 676 0,38/044 |169 (29,0 |27.2 0,180
4AAYT 63 Ad
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1 2 4 5 6 | 7 g g
4AAT63B4
250 548 {041/047 {137 214 ]29,0 0,180J
4AAYT 63B4
AAAT 56 A2
120 664 [0,29/0,34 (166 58,8 1202 10,11
4AAYT 56 A2
4AAT 56 B2
180 512 0,35/041 |128 326 [31.0 [0.131
4AAYT 56 B2 ]
4AAT 56 Ad
90 936 l0,20/034 (234 1618 |245 0,130
4AAYT 56 Ad .
S
4AAT56 B4
120 812 {0,33/0,38 (203 445 (283 0,169
4AAYT 5684
[4AAT 50A2
60 782 10,20/035 |391 (60 282 041
4AAYT 50 A2
4AAT 50 B2
90 690 10,33/0,39 {345 (44,8 1298 10,531
4AAYT 50B2 '
4AAT 50 A4
40 1270 |0,27/0,33 (635 01 (230 10.485
4AAYT 50 Ad
4AAT 50B4
60 1132 10,29/0,35 |566 |78 [25.0 (0549
4AAYT 50B4

Ghi chi: Dong ca dién dién dung diy 44 ¢6 day quén ba pha (kidu day
quan mot 16p déng tm voi ¢ = 4 khi 2p = 2 vi g = 2 khi 2p = 4), Ding

day men ky hiéu IHTB. So d6 ddu day vio luéi theo hinh 2-c.
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8¢ liéu ddy qudn dong co dién mit pha diy 4A khdi

bdng dién dung
Day quén chinh A
e §
£ <
% E | ~E
TlEiz (e l@
(%- oD- -6": - [=] *
o o a . S - =y 2| &
3 Tl | f |l |8 128 |s|¢
=] @ 3 - §” ‘" = = > o
=g =0 o = (3] & S o
§ |Blg €|l (2|8 |5 (8 |=|2
B 3 2t& 2 |g |E |2 | T =
E> g .8 = i = |5 12 |=|3
= [&] 3 = = «D o -
W | & = s E s Z1 8
sl Z € /£ | = w21 .e
= =2 = R-1 = Be p0s]
bl 5 = =2 = = - O
S| F £ g5 | @ @ 5| 2
2|18 |a (8|6 6 |a|®
1 2 3 4 5 6 7 8 9 10 "
4AXYT1B4 (370 | 4 b6 i 448 [ 077 1086 | 324 | 27256 0,75
AAXET1B4 |370| 4 | 56 | 448 | 077 [ 086 | 324 | 272156 | 075
AAXYTIAL | 250 ) 4 68 | 544 | 067 ) 075 ) 306 | 27285 0,71
AAXETIA4 (260 | 4 | 68 | 544 L 067 | 0751 306 | 272 (|85 0,71
AAXYT1B2 | 550 2 |41 | 328 | 077 | 086 | 38,2 | 30348 | 068
AAXETIBZ | 550 2 ! 41 f 328 1077086392 1003:48 | 0,68
4AXYT1A2 | 370 | 2 | 44 | 352 1 074 | 083|374 | 303|55 | 068
AAXET1A2 | 370 | 2 | 44 | 352 | 074 : 083 ] 374 | 3.03(55 0,68
4AAYE3B4 {180 4 78 | 624 [ 057 (064|264 124 114 068
4AAEG3B4 (180 | 4 78 | 624 | 057 | 064 | 254 | 24 |11.1] 068
4AAYB3A4 | 120 4 [ 99 792 {049} 0551236 | 24 |17.7| 064
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dong bdng dién tré (4AAE, 4AXE) va khoi dong

Phuluc 5.3

(4AAY, 4AXY)

Day quan phy B i

£ §

E E o

F| . . = | =

2 £ % ;‘f 3| 8(8)¢ @
= £ 2= = 2 -..i:‘% & &
S 2, Els|§l2]3]e]® &
<tz |LIEI2|8is5 5 5|8, =
§ || =|EBl2| 8|S |5 12|<¢ |35
s |z|5|3|2|2|g|E|lg 2l | =
x| 8|38 |glzlz|=te|Sice | &
= = 21 .e | | © 5| E Tl & =
= g @ | 8 <0 = = = =8 E o =2
E |2l | 213 |le|l2ls5|l5318 |2 &
= =4 o = > | = = o - 2 ] =
e | £12|2|3|E|E|8!8|s|% |2
218|888 | a|83(65|6& |2 |&
12 (13 [14 [15 {16 |17 |18 |19 {20 |2 {2 |:
058 [105 (420 [105 {420 {0,55 [062 {354 |3.14 [11.2 [074 [031
058 [103 |412 {43 [172 |053 |06 (354 1314 |118 [068 (03
057 1145 [580 |145 |580 {044 (05 |336 [3.14 229 |06 10,28
057 -|116 |464 |56 1244 |051 [058 336 {314 136 (072 |03
0,56 [84 [336 |84 |336 0,55 |062 (438 [354 |11 |o72 (034
056 |66 |264 (26 {104 (050 |066 |438 (354 175 (065 |032
0,54 |59 |236 |59 |236 064 |0,72 420|354 |55 |089 [0.29
054 (69 276 (37 (148 {059 (066 {420 (354 {76 (069 {03
034 (122 |488 |122 |488 |041 047 |266 [241 {173 loss |02
034 139|556 {77 308 0,38 |044 266 |241 |233 |058 |02
0,305 (125 |500 (125 !500 |041 (047 |24.8 [241 {168 [06 [0,154
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1 2 4 5 6 7 8 |9 10 1 1
4AAEG3A 1120 |4 99 |792 049 |055 236 |24 17.7 10,64
4AAYB3B2 250 |2 53 1424 |062 [07 |3151(2685 (79 (067
4AAEGIBZ 1250 (2 53 |424 |062 {07 315|285 79 |067
4AAYB3AZ 1180 |2 71 |568 |055 |062 (29,7 [265 1127 |07
4AAEG3A2 1180 |2 71 |568 |0,55 |062 |29.7 265 127 107
4AAY56B4 |90 4 100 |872 (044 105 (222|198 22,1 10,62
4AAY56B4 90 4 109 |872 |044 [05 [222(19 227 ;062
4AAY56A4 |60 4 146 11168 [035 (041 |204 |19 44.0 (0,56
4AAYS6B2 (120 |2 81 [648 10417047 278 21 244 057
4ANSBB2  |120 |2 81 (648 (041 1047 278 (21 244 1157
4AAYE6AZ (90 2 102 816 |0,35 {041 (26,021 402 | 0,55
AAAESGAZ 190 2 102 (816 035 041 (26,0 21 40,2 10,55
4AAYS50B4 (40 4 262 11048 {044 1051 1243 (29 27,2 | 725
4AAE50B4 140 4 262 |1048 (044 (051 |243 |29 27,2 10,725
4AAY50A4 (25 4 317 11268 (0,38 (045 (23,7 (29 39,5 10,633
4AAESOA4 (25 4 317 |1268 (0,38 |045 |23.7 |29 39,6 0,683
4AAYB0B2 |60 2 197 (788 |044 1051 [263 (32 263 10,71
44AES0B2 160 2 197 |788 1044 |051 (263:3.2 263 10.71
4AAYS0AZ (40 2 254 |1016 |0,38 (045 (246 (32 35,5 10712

40 2 254 1016 045 (24632 365 10,712

4AAES0E2

0,38

Ghi chi: Day quén cha céc dong co dién déu 1a loai mot ldp déng
thm, ding diy men II2TB, s6 rinh pha chinh Z, = (2/3)Z,. S6 rinh

pha phu Z; = (1/3)Z,.
* Trong lugng déng cia tit ca cdc ddy quan.
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12 13 14 15 16 17 18 19 20 21 22

0305 1147 |588 |53 212|038 (o044 l248 [241|230 los1 |0.155
0335 |88 (352 (88 |352 044 |05 1351 268|144 |057 [0178
033 |573 202 |30 |156 |odo |0s5 [351 |[268 (04 [o57 [0.165
0325 122 488 (122 |488 (038 [044 [331 (268 256 (061 (0173
0425 107 [428 (45 [180 {041 [047 (331 [268 (183 [051 [0.177
034 (200 800 (200 {800 1031 |036 {231 |22 |436 |0 [016
034 (184 |736 [106 1424 [033 |038 231 |22 |394 |061 1016
027 |300 [1200 j300 )1200 {025 [031 |213 |22 |925 662 o4
026 |84 [336 |84 1336 041 |047 (312 |25 |142 loss los
016 |91 |34 130 |15 038 |044 (312 |25 |179 |osT 0413
023 [172 [e88 172 |e88 027 |032 {204 |25 629 {056 [0.12
043 |97 (388 49 [196 (135 (041 (284 (25 [2156 (053 (042
0414* (362 (736 (368 {736 (033 [039 (287 |29 [326 0506 |-
0403|325 (650 [325 1650 025 [031 |287 129 [5%60 |0332 |-
044' 300 [780 300 J031 |274 |20 |#13 |os |67 |-
0206|385 |770 |385 770 lo21 [026 274 |29 |es4 [0277 |-
0388*[373 |76 (373 (716 (020 [035 |2, |23 |s83 |os33 -
0320|224 [448 |224 1448 025 031 |20 [23 |44 [0208 |-
0,356" 332|664 332 (664 (031 1037 (273123 {392 (063
0278 [245 {490 {245 l490 (o2t [o026 1273 23 ls14 lozs
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Phu luc 6
CAC KY HIEU CHU YEU

A - tdi dudng;

a - s& doi mach nhdnh cia day quén;

a x b - kich thuéc vanh ngin mach;

B;s - mat 46 tir thong khe hd khong khi;

B,y - mat 46 tir théng O ring stato;

B,s, Bz - mat do tir thong & gong stato va roto;
by, byg - bé rong ring stato, roto;

b, - rdnh nghiéng tinh theo cung trén chu vi roto;
Cy - dién dung lam viéc;

Cy - dién dung khdi dong;

D,, D- duong kinh ngoai va trong stato;

D’ - duong kinh ngoai réto;

D, - dudng kinh trung binh cha vanh ngin mach;
d, - duong kinh truc; _

d.4- duding kinh day dén ké cd cdch dién;

E- sic dién dong pha;

E,, E, - sjic dién dong thit t thudn va nghich;
Fs - sitc tir d6ng khe ho khong khi;

Fs, Fzg - sttc tir dong ranh stato va roto;

Fis, Fop - stfc tir dong gong stato va réto;

F, - sitc tir dong toan mach tir;

f - tin s6;

292



Ggs, Gyr - trong lugng gong stato va roto;
G, - trong lugng day déng;

Gy, Gzg - trong luong rang stato, réto;
H- cudmg do tlt trudng;

h, - chiéu cao ranh;

h

hys, hyg - chiéu cao rang stato va réto;

gs» flgx - chiéu cao gong stato va roto;

I~ dong dién pha dinh miic;

1, - dong dién t héa;

I, Iy - dong dién pha A va pha B;

I - dong dién day ciia dong co dién dung;

I - dong dién khdi dong;

Is, I - dong dién stato, roto;

I4y, I45 - dOng dién thit tv thuin v nghich pha A;

I3, Ig> - dong dién thit tw thuin va nghich pha B;

Iy, I} - thanh phédn tic dung va thanh phin khing cua
dong dién pha A;

Ii,, If, - thanh phin tic dung va thanh phdn 'khing cua
dong dién pha B.

Ig4 - dong dién roto da quy doéi vé pha A;

Igar » fxaz - dOng dién roto thit ty thuin va nghich da
quy déi vé pha A;

Js - mat do dong dién cila day quéhn stato;

J.a - mat d6 dong dién thanh din roto;

J, - mat d6 dong dién vong ngin mach;

kg - ty s6 dudng kinh trong va ngoai cia stato,
ks - he sO ldp ddy ranh;
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kss, ksg - hé s& khe h& khong khi cla stato va roto;
ks - he s6 khe hé khong khi;

k. - hé s6 ép chat 151 sit;

kg - hé s6 rinh nghiéng;

k; - hé s6 bido hoa rang;

k,. - hé s6 gia cong;

k, - hé sO rai clia day quén;

k, - h¢ s6 budc ngéan cua day quén;

kgs, kgg - hé s& day quén cia day quan stato va roto;
k - ty s6 bién dp;

Ls - tébng chiéu dai day din ctia mot pha stato;

! - chiéu dai tinh todn cdia mdy dién;

Is, Iz - chiéu dai 151 sit stato, roto;

I, - chiéu dai trung binh nira vong day cua day quin;
I, - chiéu dai phan ddu néi cua day quén;

M - momen dién tir;

M. ..« - mémen cuc dai;

My - moémen khdi dong;

m - s6 pha;

M., - hé 86 moémen cuc dai;

my - boi s6 moémen khdi dong;

n - 18c 46 cia roto;

ng, - 16c 46 doéng bo;

P, - cong sudt dinh mirc;

Pp - cong suft tic dung cia dong co dién;

P - cong suft tiéu thy;

P,, - cong sudt dién tir;
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P, P - t6n hao trong day qudn stato, roto;

Ps, Prg - téng t8n hao sat cla stato va roto;

P.. - t6n hao co;

P, - tén hao phuy;

p - 80 doi ouc;

Q,, Op - s8 rinh dudi méi cuc clia pha A, B;

¢ - s6 rAnh clia mdi pha dudi mbi cuc;

rs, e - dién trd tdc dung cua day quén stato va roto;

rq - dién trd thanh din roto;

r, - dién trd vanh ngin mach;

1y - dién tr& khdi dong;

r, - dién tré tac dung cia tu dién;

Fsa, r'sg - dién trd tdc dung cna day quidn A vi B cia
stato;

Fais Yas - dién tr& tdc dung thit tu thuan va nghich cia
pha A;

"Ap» Taz- dién trg tic dung thi tu thuan va nghich cida
mach dién pha A;

Yax, 'ex - dién tro tic dung cua pha chinh va phu lic
khoi dong;

Trak » Trek - Gién trd tdc dung cla mach dién pha A va
B lic khoi dong;

S, - tiét dién day din;

Sy~ hé s6 truot dinh migc;

8, - hé 58 trugt khong tdi thuc té;

S5m - hé 50 tnrot dng véi mémen cuc dai;

ts, Iy - budc rang stato va roto;

U- dién ap pha;

295



[/, - dién &p trén tu dién

Uy, - dién 4p dinh mifc;

iy - s6 day dén trong mot ranh;

W - 56 vong day cua day quin stato;

Xg, Xg - dién khdng tan stato, roto,

x,, - dién khang itng v6i khe hd khong khi;

Xsa» Xsp - dién khdng thi tir thuan va nghich pha A;

Xgpals Yraz - dién khiang thit ty thuan va nghich mach
dién pha A;

x, - dién khang cta tu dién lam viéc;

X - dién khdng cia tu dién khai dong;

xpg - dién khdng cta pha phu va phin tir khéi dong; .

Xpax » Xgpg - dién khing cla mach dién pha A va B
lic ngian mach;

Y - bude day trung binh tinh theo ranh;

Z1» Zy, - t6ng trd thit ty thuan cla pha A va B;

Zas, Zy, - tOng trd thit tu nghich cfia pha A va B;

Ziats Zhaa - tOng trd cia mach dién thit tu thuan va
nghich pha A;

Zs, Zy - $0 rinh stato va réto;

¢ - hé s8 cung cyc tir;

&, - g6¢ O tam cila rianh nghiéng

« - buée rinh nghiéng theo ty 1& cla budc cuc;

& - khe ho khong khi;

& - hé s6 xét dén su phan bo khong déu cua tr thong
trong gong;

77 - hiéu suit;
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A - ty s6 gitta chiu dai mdy dién véi bude cuc;
Ag - hé s6 tir din cha tir tan stato. |

A, - hé s6 tir din cua tir tan ranh;

A, - hé s6 tir din cha tir tan phin ddu néi;

A, - hé s6 tirdén cua tir tan tap;

Ag - hé s6 tit ddn cila tiY tin roto;

p - dién tr& sut;

7 - bubc cuc;

7, - budc cuc tinh theo s& ranh;

@ - tir thong.
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