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PHAN 1. THIET KE PONG CO KHONG PONG BQ
CHUONG 1. NGUYEN LY LAM VIEC VA KET CAU MAY PIEN KHONG PONG BQ

I. Pai cwong vé may dién khong dong bd
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May dién khong déng b6 do két cau don gian, lam viéc chic chan, sir dung va bdo quan thuan
tién, gia thanh ré nén dugc st dung rong rai trong nén kinh t€ quoc dan, nhat la loai cong suat
duoi 100 kW.

Dbong co dién khong déng bo roto 16ng soc cau tao don gian nhét nhét 1a loai roto léng soc duc
nhoém) nén chiém mot sb luong kha 16n trong loai dong co cong suat nho va trung binh. Nhuogc
diém cua dong co nay 1a diéu chinh téc do khé khin va dong dién khai dong 16n thudng bang
6-7 lan dong dién dinh mic. Dé bd khuyét cho nhugce diém nay, ngudi ta ché tao dong co
khong dong bo réto 1ong soc nhidu tde d6 va dung roto rinh siu, 16ng soc kép dé ha dong dién
khoi dong, dong thoi ting momen khoi dong 1én.

DPong co dién khong dong bd roto ddy quan cé thé didu chinh tdc duge téc do trong mot ching
muc nhat dinh, c6 thé tao mdt momen khoi dong 16n ma dong khoi dong khong 16n 1am, nhung
ché tao c6 kho hon so véi véi loai réto 16ng soc, do d6 gia thanh cao hon, bado quan cling kho
hon.

bong co di¢n khong déng b duge san xuit theo kiéu bao vé IP23 va kiéu kin 1P44. Nhiing
dong co dién theo cap bao vé IP23 dung quat gié hudng tam dit ¢ hai dau roto dong co dién.
Trong cac dong co roto 16ng soéc dac nhom thi canh quat nhom dugc duc truc tiép 1én vanh
ngan mach. Loai dong co dién theo cip bao vé IP44 thudng nhd vao canh quat dit & ngoai vo
may dé thdi gié & mit ngoai vo may, do d6 tan nhiét c6 kém hon do véi loai IP23 nhung bao
dudng may dé dang hon.

Hién nay cac nudc di san xuit dong co dién khong dong bo theo diy tiéu chudn. Diy dong co
khong dong bo cong sudt tir 0,55-90 KW ky hiéu 13 K theo tiéu chuan Viét Nam 1987-1994
dugc ghi trong bang 10-1 (Trang 228 TKMD). Theo tiéu chuan nay, cic dong co dién khong
ddng bo trong day diéu ché tao theo kiéu IP44.

Ngoai tiéu chuan trén con ¢ tiéu chuan TCVN 315-85, quy dinh diy cong suit dong co dién
khong dong bd roto 10ng sOc tur 110 kW-1000 kW, gdom
c¢6 cong suat sau: 110,160, 200, 250, 320, 400, 500, 630, 800 va 1000 kW.

Ky hi¢u cua mot dong co dién 1§h6ng déng b0 roto léng soc duoc ghi theo ky hiéu vé tén goi
cua day d@ng co dién, ky hi€u vé chiéu cao tam truc quay, ky hi¢u vé kich thudc lap dat do truc
va ky hi¢u vé so truc.

II. Nguyén Iy 1am viéc ciia dong co' khong dong bd

Dbong co khong dbng bo ba pha co hai phan chinh: stato (phan tinh) va réto (phan quay). Stato
gom c6 101 thép trén do co6 chira day quan ba pha.

Khi ddu ddy quén ba pha vao ludi dién ba pha, trong day quin s& c6 cac dong dién chay, hé
thong dong dién ndy tao ra tir truong quay, quay voi toe do:

n, =60%* il
p
Trong do:

-f|: tan s6 nguon dién
-p: sO doi cuc tir ciia day quan

Phéan quay, nam trén truc quay bao gém 13i thép roto. Day quan réto bao gom mot sd thanh din
dat trong cac ranh cuia mach tur, hai dau dugc ndi bang hai vanh ngan mach.
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Hinh 1.1

Tir trudng quay cla stato cam tng trong day réto strc dién dong E, vi day quan stato kin mach
nén trong dé c¢6 dong dién chay. Su tac dung twong hd giita cic thanh din mang dong dién véi
tur truong cila may tao ra cac luc dién tir Fy tdc dung 1€n thanh dan c6 chiéu x4c dinh theo quy
tac ban tay trai.

Tap hop cac luc tac dung 1én thanh din theo phuong tiép tuyén véi bé mat roto tao ra mémen
quay roto. Nhu viy, ta thdy dién ning lay tir ludi dién dd dugc bién thanh co ning trén truc
dong co. Néi cach khac, dong co khong dong bd 1a mot thiét bi dién tir, 6 kha nang bién dién
ning lay tir ludi dién thanh co ning dua ra trén truc ctia né. Chiéu quay cua réto 1a chiéu quay
clia tir truong, vi vy phu thudc vao thir tu pha ctia dién 4p ludi dit trén ddy quén stato. Toe do
clia roto ny 1a tée do lam viéc va ludn ludn nhé hon tdc do tir truong va chi trong truong hop do
m&i xay ra cam ung stc dién dong trong diy quéan roto. Hiéu sb toc do quay cua tir trudng va
roto dugc dac trung béng mot dai luong goi 1a h¢ sb truot s:
g="1""

n
Khi s=0 nghia 13 n;=n,, tc do roto bang tdc do tir truong, ché dd nay goi 1a ché do khong tai Iy
tudng (khong c6 bat ¢ strc can ndo 1én truc). O ché do khong tai thyc, s=0 vi c6 mét it strc can
gi6, ma sat do 6 bi ...

Khi hé sb truot bang s=1, lac d6 roto dimg yén (n,=0), momen trén truc bang momen md may.

Hé s6 truot ung voi tai dinh mac goi 1a hé s6 truot dinh murc. Tuong ing vdi hé sb truot nay

go1 toc do dong co goi 1a tdéc d§ dinh murc.

Téc d6 dong co khong dong bd bang:

n,=n*(-s)

Mot dic diém quan trong cia dong co khong ddng bo 1a day quan stato khong duoc ndi truc

tiép voi luoi dién, stic dién dong va dong dién trong roto c6 dugc 1a do cam ng, chinh vi vay

nguoi ta cling goi dong co nay la dong co cam ung.

Tén sb dong dién trong réto rat nho, nd phu thudc vao tdc d6 truot cua roto so véi tur truong:
«Mn _prn*(n —n,

) _ ox
= = =9
L=r " 60*n, S
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Dong co khong dong bo co the lam viéc ¢ ché d6 may phat dién néu ta dung mot dong co khac
quay né véi tbc do cao hon toc do dong b, trong khi cac dau ra ctia n6 dugc ndi voi ludi dién.
N6 cling co thé lam viéc doc 1ap néu trén dau ra cia n6 dugce kich bang cac tu dién.

Pong co khong dong bd co thé ciu tao thanh dong co mot pha. Dbong co mot pha khong thé tu
md may dugc, vi vay dé khoi dong dong co mdt pha can cd cac phan tir khéi dong nhu tu dién,
dién tro ...

I11. Ciu tao ciia déng co khong dong bd

bong co khong dong bd vé ciu tao duoc chia lam hai loai: dong co khong dong bd ngan mach
hay con goi 1a réto 1ong soc va dong co day quan Stato c6 hai loai nhu nhau. O phan luan vin
nay chi nghién ctru dong co khong ddng bd roto 16ng soc.

1. Stato (phén tinh)

Stato bao gom vé may, 15i thép va day quan.

- V6 may

V6 may 1 noi c¢b dinh 15i sit, ddy quén va déng thoi 13 noi ghép ndi nap hay géi do truc. Vo
may c6 thé lam bang gang nhom hay 13i thép. Pé ché tao vo may nguoi ta co thé duc, han, rén.
V6 may c6 hai kiéu: v6 kiéu kin va vé kiéu bao vé. Vo may kiéu kin yéu cau phai c6 dién tich
tan nhiét 1on ngudi ta 1am nhiéu gan tan nhiét trén bé mit vo may. Vo kiéu bao vé thudng c6 bé
mat ngoai nhan, gié lam mat thoi tryc tiép trén bé mat ngoai 161 thép va trong vo may.

Hop cuc 1a noi dé dau dién tir lu6i vao. Doi voi dong co kicu kin hp cuc yéu cau phai kin,
gitra than hop cuc va vo may voi nép hop cuc phai co giang cao su. Trén vo may con c¢6 bulon
vong dé cau may khi nang ha, van chuyén va bulon tiép mat.

- Loi siit
L5i sit 1a phan dan tir. Vi tir treong di qua 161 sit 1a tir trudng quay, nén dé giam ton hao 161 sat

dugc lam nhing la thep k¥ thuat dién day 0,5mm ep lai. Yéu cau 151 sat 1a phai dan tir tbt, ton
hao sat nho va chic chén.

MBOi 14 thép ky thuat dién déu co6 phi son cach dién trén bé mat dé giam ton hao do dong dién
x04y gay nén (han ché dong dién phuco).
- Day quén

D4y quan stator dugc dit vao ranh cua 161 sit va duoc cach dién t6t vai 161 sit. Day quan dong
vai trd quan trong ctia may dién vi no truc tiép tham gia cac qua trinh bién d6i ning lugng dién
nang thanh co ndng hay ngugc lai, dong thoi vé mat kinh té thi gia thanh cua diy quan ciing
chiém mot phan kha cao trong toan bd gia thanh may.

2. Phan quay (Réto)

Roto cua dong co khong dong bo gom 16i sit, day quan va truc (ddi voi dong co day quan con
c6 vanh truot).

- Loi sit
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L3i st cia roto bao gém cac 14 thép k¥ thuat dién nhu cua stator, diém khac biét & day la
khong can son cach dién giira cac 1a thep vi tan sé lam vigc trong roto rat thap, chi vai Hz, nén
t6n hao do dong phuco trong rdto rat thap. Lai sit duoc ép truc tlep 1€n truc may hodc 1én mot
gia roto cia may. Phia ngoai ciia 161 thép c6 xé ridnh dé dat day quan roto.

- Day quan roto
Phén lam hai loai chinh: loai roto kiéu day quén va loai roto kiéu 10ng soc
- Loai roto kiéu diy quan

Roto ¢ day quan giéng nhu day quén stato. May dién kiéu trung binh tré 1én dung day quén
kiéu song hai 16p, vi bot nhimg day dau ndi, ket cu day quan trén roto chit ché. May dién c&
nho dung diy quin dong tAm mot 16p. DAy quén ba pha cua roto thudng du hinh sao.

Pic diém cua loai dong co kiéu diy quan 1a ¢ thé théng qua chdi than dua dién tré phu hay
suat di¢n dong phu vao mach réto dé cai thién tinh nang mé may ,di€u chinh toc do hay cai
thién h¢ s6 cong suat ciia may.

- Loai roto kiéu long soc

Két cau cua loai diy quan rat khac v6i day quan stato. Trong mdi rinh cua 16i sat roto, dit cac
thanh din bang dong hay nhom dai khoi 18i sat va duoc ndi tat lai & hai dau bang hai vong ngan
mach bang déng hay nhom. Néu 13 r6to duc nhoém thi trén vanh ngian mach con cé cac canh
khoay gio.

Roéto thanh dong dugc ché tao tir dong hop kim cé dién tro suat cao nham muc dich nang cao
momen mo may.

D¢ cai thi¢n tinh ndng mé mdy, doi vi may cd cong suat 1on, nguoi ta lam ranh réto sdu hodc
dung long soc kép. D61 véi may dién cd nhd, ranh roto dugc lam chéo géc so véi tam truc.

Day quan 16ng séc khong can cach dién voi 161 sit.

- Truc

Truc may dién mang roto quay trong long stato, vi Vay no6 cling 1a mot chi tiét rat quan trong.
Tryc ctia may dién tiy theo kich thudc ¢ thé dugc ché tao tir thép Cacbon tir 5 dén 45.

Trén truc cua roto co 151 thép, diy quén, vanh truot va quat gio.

3. Khe h¢

Vi roto 1a mot khéi tron nén khe ho déu. Khe ho trong méy dién khong dong bo rat nho (0,2+1
mm trong may cd nho va vura) dé han ché dong tir hoa lay tu lugi vao, nho dé h¢ s6 cong suat
cuia may cao hon.

IV. Cong dung

May dién khong dong bo 1a méay dién chii yéu dung lam dong co dién. Do két cau don gian,
1am viéc chic chan, hiéu qua cao, gia thanh ré, dé bao quan . . Nén dong co khong dong bo la
loai may dién duoc st dung rong rdi nhit trong cc nganh kll’lh té qudc dan voi cong sut vai
chuc W dén hang chuc kW. Trong cong nghiép thuong diung may dién khong ddng bo lam
ngudn dong lyc cho may can thép loai vira va nho, dong luc cho cac may cong cu ¢ cac nha
may cong nghiép nhe.. Trong ham mo dung lam méy tudi hay quat gié. Trong néng nghi¢p
dung lam may bom hay may gia cong nong pham. Trong doi séng hang ngay, may dién khong
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dong bo ciing da chiém mot vi tri quan trong nhu quat gio, quay dia dong co trong tu lanh, may
gidt, may bom ... nhat 13 loai roto 16ng séc. Tom lai sy phét trién ctia nén san suat dién khi hoa,
tr dong hoa va sinh hoat hang ngdy, pham vi cia may dién khong bd ngay cang duoc rong rii.

May dién khong dong bo co thé dung lam may phat dién, nhung dic tinh khong tt so voi may
dién dong bo, nén chi trong vai truong hop nao doé (nhu trong qua trinh dién khi héa nong thon)
can nguodn dién phu hay tam thoi thi n6 cling c6 mot y nghia rat quan trong.

V. Két cau ciia may dién

Mac du kich thudce cua cac bo phan vat liu tac dung va déc tinh cia may phu thude phan 16n
vao tinh toan dién tr va tinh toan théng gio tan nhiét, nhung ciing co6 phan lién quan den két
ciu ctia may. Thiét ké két cAu phai dam bao sao cho mdy gon nhe, thong gi6 tan nhiét tot ma
van c6 d§ cung viing va do bén nhat dinh. Thudng can ctr vao diéu kién lam véc cua may dé
thiét ké ra mdt két cau thich hop, sau d6 tinh toan co cac b phan dé xac dinh d6 cung va do
bén cua cac chi tiét may. Vi vay thiét ké két cau 1a mdt phan quan trong trong toan bo thiét ké
may dién.

May dién c6 rat nhiéu kiéu két cau khac nhau. S¢ di nhu vdy vi nhitng nguyén nhéan chinh sau:

- C6 nhiéu loai may dién va cong dung ctng khac nhau nhu may mot chiéu, may dong by, may
khong ddéng bd v. v... cho nén yéu cau d01 v6i két cdu may cimg khac nhau. Cong suit may
khac nhau nhiéu. O nhung mAay cong suit nho thi gia d& truc dong thoi 13 nip may. Poi véi
may 16n thi phai c6 truc do riéng.

- Téc d6 quay khac nhau. May téc do cao thi roto can phai chic chan hon, may toc d6 cham thi
duong kinh roto thuong 1om.

- Su khac nhau ctia dong co so cap kéo né (d6i v6i mdy phat dién) hay tai (d6i voi dong co
dién) nhu tuabin nudc, tuabin hoi, may diezen, bom nudc hay may cong tac v. v...Phuong thire
truyén dong hay lap ghép cling khac nhau.

- Can ctr vao tinh todn di¢n tur va tinh toan thong gid co thé dua ra nhiéu phuong an khac nhau.
Nhitng phuong an nay vé kich thudc, trong lugng, tinh tién lgi khi sir dung, do tin cay khi lam
viéc, tinh gidn don khi ché tao va gid thanh ctia may c6 thé khong giong nhau. Vi vay khi thiét
ké can chu y dé tat ca cac yéu to do.

Nguyén tic chung dé tiét ké két cau:

- Pam bao ché tao don gian, gia thanh ha

- bam bao bao dudng may thuan ti¢n

- Bam bdo do tin cay cua may khi lam viéc

1. Phan loai cac kiéu két cAu may dién da dinh hinh

Két ciu ciia nhitng may dién hién nay duoc dinh hinh theo cach bao vé, cach lip ghép, théng
g10, dac tinh cua moi truong bén ngoai. ..

a) Phan loai theo phwong phap bao vé may ddi véi méi trueong bén ngoai

CAp bao vé may c6 anh hudng rat 16n dén két cau cua may. Cép bao vé dugc ky hiéu bang chir
IP va hai chir s kém theo, trong d6 chir sé thir nhat chi mac d6 bao vé chdng sy tiép xuc cia
ngudi va cac vat khac roi vao may, duoc chia lam 7 cip danh sb tir 0 dén 6, trong d6 sé 0 chi
rang may khong duoc bao vé (kiéu hé hoan toan) con sd 6 chi rang may duoc bao vé hoan
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toan khong cho nguoi tlep xuc ,do vat va bui khong lot vao, chir sO thir hai chi mare d6 bao vé
chéng nudc vao may gom cap danh sb tir 0 dén 8, trong d6 s6 0 chi rang may khong duogc bao
vé con sd 8 chi may c6 thé ngadm trong nudc trong thoi gian v6 han dinh.

Thudng c6 thoi quen chia cip bao vé theo phuong phap 1am ngudi may. Theo cach ndy may
dién duogc chia thanh cac kiéu két cau sau:

- Kiéu hé

Loai nay khong cé trang bi bao vé su tiép xtc tu nhién cic bd phan quay va bod phén mang
dién, cing khong c6 trang bi bao vé cac vat bén ngoai roi vao may. Loai nay duoc ché tao theo

kiéu tu 1am ngudi. Theo cap bao vé thi day la loai IP00. Loai nay thuong dat trong nha c6
ngudi tréng coi va khong cho ngudi ngoai dén gan.

- Kiéu bao vé

C6 trang bi bao vé chdng su tiép xtGic ngau nhién cic bd phan quay hay mang dién, bao vé cac
vat & ngoai hodc nudc roi vao theo cac goc do khac nhau. Loai nay thuong la tu thong gid.
Theo cap bao vé thi ki€u nay thudc cac cap bao v¢ tr IP11 dén IP33

- Kiéu kin

La loai may ma khong gian bén trong may va moi truong bén ngoai may duoc cach ly. Tuy
theo murc do kin ma cép bao vé 1a tir IP44 trd 1én. Kiéu kin thuong 1a ty thong gid bing cach

thoi gi6 ¢ mat ngoai vo may hay thong gi6 doc lap bang cach dua gio vao trong may bang
duong 6ng. Thirong ding loai nay & moi truong nhiéu bui, am udt .

Kiéu bao vé dic biét nhu loai chong nd, bao vé chong moi truong hoa chét.
b) Phan loai theo cach lip dit

Theo cach lap dit may, ky hiéu chir IM kém theo 4 chir s6 tiép theo. O day, chit s thir nhét chi
ki€u két cau gom 9 s6 danh tir 1 dén 9 trong d6 so 1 chi 6 bi dugc lap trén ndp may va s6 9 chi
cach lap dat bi¢t. Chir so thir hai va ba chi cach thirc 1ap dat va hudng cta truc may. So thir tu
chi két cau cua dau truc gom 9 loai danh s6 tir 0 dén 8 trong d6 s6 0 chi may c6é mdt dau truc
hinh tru, s0 8 chi dau truc c6 cac kiéu dac biét khac.

2. Két ciu stato ciia may dién xoay chiéu

a) Vo may

Khi thiét ké két cdu vo stato phai két hop véi yéu cau vé truyén nhiét va thong gi, dong thoi
phai ¢6 du do cung va do bén, khong nhirng sau khi lap 161 sat va ca khi gia cong vo. Thuong
du do cimg thi du do bén. Vo co thé chia lam hai loai: loai c6 gan trong va loai khong c6 gan
trong. Loai khong c6 gan trong thuong dung d6i vOi may dién c¢d nho hodc kiéu kin, lac dé
lung 15i st 4p sat vao mit trong ciia vo may va truyen nhiét tryc tiép 1én vo may. Loai c6 gn

trong c6 dic diém 1a trong luc gia cong, toc dd cit got cham nhung phé liéu bo di it hon loai
khong c6 gan trong.

Loai v6 bang thép tam han gém it nhfi,t 1a hai vong thép tdm tré 1én va nhitng gin ngang lam
thanh khung. Nhitng dang khéac déu xuat phat tir dang co ban do.

b) Lbi sit stato

Khi duong kinh ngoai 161 sat nhé hon 1m thi dung tam nguyén dé 1am 161 sat. Lo1 sat sau khi ép
vao vo s€ ¢co mot chot co dinh véi vo dé khoi bi quay dudi tdc dong clia momen di¢n tur
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Néu duong kinh ngoai cua 161 sa“it 16n hon Im thi dung cac tam hinh r& quat ghép lai. Khi iy dé
ghép 161 sat, thuong dung hai tim thép day ép hai dau. Dé tranh dugc lyc huong tam va luc hat
cac tam, thuong lam nhitng canh dudi nhan hinh r& quat trén cac tim dé ghép cac tAim vao cac
gan tré vo may.

3. Két cAu roto ciia may dién xoay chiéu va mét chiéu

V§ két cau roto may dién mot chiéu va xoay chiéu co nhiéu diém giéng nhau. Khi xét dén két
cau cua roto can phai chu y dén céc lyc tdc dong 1én roto khi may lam viéc.

Néu duong kinh roto nho hon 350 mm thi 161 sat roto thuong dugc €p truc tiép 1€n truc hodc
6ng 16ng truc. P6 1a vi duong kinh réto khong lom, phan trong cua 15i thép cit ra khong dung
duoc vao viée gi co kinh té 16n ma két cau roto lai duoc don gian hoa. Viée dung ong 16ng
cling han ché, chi dung khi can thiét nhu & dong co dién trén tau 5ie thay truc dugc dé dang.
Khi duong kinh réto 16n hon 350 mm, duong kinh trong roto ¢6 gang lay lon hon dé dung 161
lay ra lam viéc khac, do do can gia do roto.

Khi duong kinh réto 16n hon 1000 mm thi ding cac tdm ton silic hinh & quat ¢ép lai. Luc do
dung gia d& roto hinh canh sao. Gid dd roto trong cac may 16n thuong lam bang thép tam han
lai.

L5i thép can duoc ép chit voi ap suét tur 5 kg/em?® ddi véi me}y cd trung, dén IOk’g/cm2 doi voi
may ¢ nho va phai c6 nhig vong ép dé dam bao gitr ap suat do. D¢ tranh 161 sat ¢ hai dau bi
tan ra thi trong may nho dung nhirng tam thép day 1,5 mm ép lai. Trong may 16n dung tAm thép
c6 ring. Rang phai tan hay han vao tim thép ép dé dam bao khi quay khong vang ra.

Vong ép cua may dién mot chidu va may khong dong bo roto diy quan mot mat dung dé ép
chat 151 sat, mot mat dung dé 1am gia d& dau diy quan. Trong méy dién ¢& nho thudng dic
bang gan, trong may 16n thudng dumg thép tAm han lai. Dung gia d& lién vanh ép s& dé dang
cho viéc dai dau day cho khoi vang ra khi quay.

Roto may dién khong dong bo thuong c6 ranh nita kin va dung ném cd dinh day trong ranh.

CHUONG 2. NHUNG VAN DE CHUNG KHI THIET KE PONG CO KHONG PONG
BQ ROTO LONG SOC

I. Uu diém

- Két cau don gian nén gia thanh re.

- Van hanh dé dang, bao quan thuén tién.

- Str dung rong rii va phd bién trong pham vi cong suat nho va vira.

- San xuat voi nhiéu cip dién ap khac nhau (tir 24 V dén 10 kV) nén rét thich nghi cho timg
nguoi sir dung.

I1. Khuyét diém

- Hé s cong sudt thap gy ton that nhidu cong suit phan khang cua ludi dién.
- Khong str dung dugc ltc non tai hodc khong tai.

- Kh¢ diéu chinh téc do.

- Bic tinh mé may khéng tot, dong md may 16n (gip 6-7 lan dong dinh mirc).

- Momen m¢ may nho.
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I11. Bién phap khic phuc
- Han ché van hanh non tai.

- Cai thién dic tinh mé may bang cach diéu chinh téc do (bing cach thay d6i dién ap, thém
dién tr&é phu vao mach réto hodc ndi cap), hay dung réto c¢6 ranh sau, réto 1ong soéc kép dé ha
dong khéi dong, dong thoi ting momen md may.

- Ché tao roto c6 khe ho that nhé dé han ché dong dién tur hoa va nang cao hé ) cong suét.
IV. Nhan xét

Mit du c¢6 nhiéu khuyét diém nhung dong co khong dong bd roto 16ng séc ¢6 nhitng vu diém
ma nhitng dong co khac khong c6 dugc va quan trong nhat 1a don gian, dé str dung, gia thanh
ré. Thuc té dong co khong dong bo réto 1ong soc duge ap dung rong rii, chiém s luong 90%,
vé cong suat chiém 55%.

V. Tiéu chuan san suat dong co
- Ti€u chuan vé day san suat:

Chuan hoa day cong suat ciia dong co phu hop véi trinh d6 san xuat ctua tirng nude. Day cong
suat dugc sap xép theo chicu tang dan.

- Tiéu chuén vé kich thudc lap dit:

- DJ cao tam truc h: lép dac duoc déng bd, thé hién trinh do san xut, trang bi may cong cu san
xuat.

- Khoang cach chan dé (giita cac 16 bac bulon).

VI. Phuwong phap thiét ké

- Thiét ké don chiét: mot cap cong suat (trong pham vi luan van, chon phuong phap thiét ké
nay).

-Thiét ké ddy: nhiéu coéng suit. Mat du cing mot cd 18i sit, nhung chiéu dai khac nhau nén
cong suat khac nhau.

VIL Ni dung thiét ké

Thiét ké dién tir:

- X4c dinh kich thuéc cha yéu.

- X4c dinh thong s6 cac phan tir xht yéu clia may.

Céc chi tiét nay khong tham gia vao qua trinh bién d6i ning luong.
VIIIL Cac tiéu chuin d6i véi dong co khong dong bd roto 1ong séc
1. Tiéu chuin vé diy cong suat

Hién nay cac nudc da san xué:t dong co dién khong ddng bo theo ddy tiéu chuan. Day dong co
dién khong dong bo cong suat tir 0,55 kW dén 90kW ky hi€éu K theo tiéu chuan Vi¢t Nam
1987-1994:

Cong suat (kW): 0,55/ 0,75/ 1,1/ 1,5/ 2,2/ 3/ 4/5,5/ 7,5/ 11/ 15/ 18,5/ 22/ 30/ 37/
45/ 55/ 75/ 90
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Day cong suat duoc dic trung boi sb cip hay hé so ting cong suat:
P,

_ T 2*n+1
KHPZ -

1)2*11
2. Tiéu chuin vé kich thwéc lip dic do cao tAm truc

- Do cao tAm tryc: tir tAm cua truc dén bé may. DPay 1a mot dai lugng rat quan trong trong viéc
lap ghép dong co voi nhiing co cau thiét bi khac.

- Kich thudc lép dic: chiéu cao tam truc c6 thé duge chon theo day cong suét cua dong co dién
khong dong bd roto 16ng soc.

3. Ky hi¢u may

Vi du: 3K 250 M4.

- 3K: dong co dién khong dong bo day K thiét ké lai 1an 3.
- 250: chiéu cao tam tryc bang 250mm.

- M: kich thuéc lép dac doc truc laM

- 4: may c6 4 cyc.

4. Cép bao vé

CAp bao vé c6 anh hudng rat 1on dén két cdu cia may. Cap bao vé dugc ky hiéu bang chit IP va
2 chir s6 kém theo, trong d6 chit sé thir nhat chi mirc d6 bao vé chéng tiép xuc cua ngudi va
cac vat khac roi vao may. Pugc chia lam 7 cap danh so tir 0-6, trong d6 s6 0 chi rang may
khong dugc bao vé (kiéu hd hoan toan), con sb 6 chi ring may duoc bao vé hoan toan khong
cho nguoi tiép xuc, do6 vat va bui khong lot vao. Chiur sé thtr hai chi mirc d0 bao vé chéng nuoc
vao may gom 9 cap danh sd tir 0-8, trong d6 s6 0 chi rang may khong duoc bao vé, con sb 8 chi
rang, may c6 thé ngam trong nudc trong thoi gian vo dinh han.

5. Su lam mat

Ky hi¢u laIC...

Vi du:

ICO1 1am mat kiéu bao vé, 1am mét truc tiép.

IC0141 1am mét kiéu kin, lam mat mit ngoai.

6. Cap cach dién

- Day A02: cap E, B

-Diy 4A: cap E, F, H

Vit li¢u cach dién:

Vit lidu cach dién 1a mot trong nhitng vat lidu chil yéu dung trong nganh ché tao may dién. Khi
thiét ke may dién, chon vat liéu cach dién la mot khau rat quan trong vi phai ddm bao may lam

viée tdt v6i tudi tho nhét dinh, dong thoi gia thanh cia may lai khéng cao. Nhimng diéu kién nay
phu thudc phan 16n vao viéc chon cach dién ctia may.

Khi chon vat li€u céch di¢n can cha y dén nhitng van deé sau:
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- Vit liéu cach dién phai co d6 bén cao, chiu tic dung co hoc tot, chiu nhiét va din nhiét tot lai
it tham nudc.

- Phai chon vét liéu cach dién c6 tinh cach dién cao dé dam bao thoi gian lam vi¢c cua may it
nhat 1a 15-20 ndm trong di€u kié€n 1am viéc binh thuong, dong thoi ddm bao gia thanh cia may
khong cao.

- Mot trong nhitng yéu t6 co ban nhét 13 lam giam tudi tho cta vat liéu cach dién (ciing 1a tudi
tho ctia may) 13 nhiét 6. Néu nhiét do vuot qua nhiét do cho phép thi chét dién moi, do bén co
hoc cua vat li¢u giam di nhiéu, dan dén sy gia hoa nhanh chong chét cach dién.

Hién nay, theo nhiét do cho phép cua vat li¢u (nhi¢t d§ ma vat li¢u cach dién lam viéc tdt trong
15-20 nam ¢ diéu kién lam viéc binh thudong). Hoi ki thuat dién quédt té IEC d3 chia vat lidu
cach dién thanh cac cip sau day:

ch dién

[0 cho phép(°C)

tang nhiét(°C)

Vit liéu cach dién thudc cac cap cach dién trén dai thé co6 cac loai sau:

- Cap Y: GOm c0 s¢ bong, to, so1 nhan tao, gidy va ché pham cua gidy, cactong, go v. v... Tat
ca déu khong tam son cach dién. Hién nay khong dung cach nay vi chiu nhiét kém.

- Cép A: Vit liéu cach dién chu yéu cta cap ndy cling giéng nhu cdp Y nhung c6 tim son cach
dién. Cap A duogc dung rong rai cho cac may di¢n cong suat dén 100 kW, nhung chiu am kém,
st dung ¢ vung nhi¢t do1 khong tot.

- Cép E: Dung cac mang mong va soi bang polyetylen tereftalat, cac 801 tam son tong hop lam
tir epoxy, trealat va aceton buterat xenlulo, cic mang son cach dién gdc vo co trang ngoai day
dan (day emay c6 dd bén co cao). Cap E duoc dung rong rai cho cac may dién co cong sut
nho va trung binh (dén 100 kW hodc hon nira), chiu am t6t nén thich hop cho ving nhiét doéi.

- Cap B: Dung vat liéu lay tor vo co nhu mica, amidng, soi thuy tinh, dau son cach dién chiéu
nhiét d§ cao. Cap B dugc st dung nhi€u trong cac mdy cong suat trung binh va 16n.

- Cap F: Vit liéu ciing twong tu nhu cip B nhung c6 tim son cach dién gdc silicat chiu nhiét do
cao. O cap F khong dung cac chat hitu co nhu vai lua, giay va cactong.

- Cip H: Vit liéu chi yéu & cip nay 1a soi thuy tinh, mica, amiing nhu ¢ cip F. Cac chit nay
dugc tam son cach dién goc silicat chiu nhiét dén 180°C. Nguoi ta dung cap H trong cac may
dién lam viéc ¢ di€u kién phuc tap c6 nhiét do cao.

- Cép C: Dung cac chit nhu sgi thuy tinh, thach anh, st chiu nhi¢t dg cao. Cép C duogc dung ¢
cac may lam viéc vai diéu kién dac bi¢t c6 nhiét do cao.

Vi€ce chon vat lidu cach dién trong cac may dién c6 mot y nghia quyét dinh dén tudi tho va do
tin c@y lac van hanh cua may. Do vat liéu cach dién c6 nhiéu ching loai, k¥ thuat ché tao cach

dién ngay cang phat trién, nén viéc chon két ciu cach dién cang kho khan va thuong phai chon
tong hop nhiéu loai cach di¢n dé théa man dugc nhirng yéu cau vé cach di¢n.
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Vit ligu cach dién trong nganh ché tao may dién thuong do nhiéu vat liéu hop lai nhu mica
phién, chat phu gia (gidy hay so1 thuy tinh) va chat két dinh (son hay keo dan). 1301 voi vat liéu
cach dién, khong nhirng yéu cau c¢6 do bén co cao, ché tao de ma con co yéu cau vé tinh nang
dién: c6 do cach dién cao, ro dién it. Ngoai ra con c6 yéu cau vé tinh nang nhiét: chiu nhiét tét,
dan nhiét tot va yéu cau chiu am tbt.

Vit liéu cach dién dung trong mdt may dién hgp thanh mot hé¢ théng cach dién. Viéc td hop cac
vat liéu cach dién, viéc dung son hay keo dé gan chic chung lai, anh hudng giita cac chat cach
dién voi nhau, cach gia cong va tinh trang bé mat vat lidu v. v... s& quyét dinh tinh nang vé co,
dién, nhiét ctia hé thong cach dién, va tinh ning cua hé thdng cach dién nay khong thé hién mot
cach don gian 1a tong hop tinh ning cua ting loai vat liéu cach dién.

7. Céc tiéu chuin khac

Can quan tdm dén cos, 1, —2r, —min - —_max
Idm Mdm Mdm

I re oA 2
A(%) < 15% (so véi ti€u chuan).
dm

Sai 1é€ch cho phép:
—1—-cos

A(cos) > T% *(P,< 50 kW) > 0,02333.

A2 M ey ) <-10% (so vdi tiéu chuan).
Mdm

An = -0, 15. (1-np) *(P2< 50 kW) >0, 01875.
A(—2in M, ) < -20% (so voi tiéu chuan).
dm
8. Ché d6 1am viéc
GOm ¢6 cac ché d6 1am viéc sau:
- Ché d6 1am viéc lién tuc.
- Ché d6 lam viéc ngén han.
- Ché d6 1am viéc ngén han lip lai.
IX. Trinh ty thiét ké
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CHUONG 3. TINH TOAN MAY PIEN KHONG PONG BQ
I. Xac dinh Kich thwée chii yéu
1. X4c dinh dwong kinh D va chiéu dai |

Nhung kich thude chu yéu cua may dién khong dong b la duong kinh trong stato D va chiéu
dai 15i sat 1. Myc dich cuia viéc chon kich thuéc cha yéu nay l1a dé che tai ra may kinh té hop 1y
nhat ma tinh ning phu hop véi cac tiéu chuan nha nudce. Tinh kinh té cia may khong chi 1a vat
liéu sir dung dé ché tao ra may ma con xét dén qua trinh ché tao trong nha may, nhu tinh thong
dung cua cac khuong dap, vat duc, cac kich thudce va chi tiét tiéu chuan hoa. ..

Khi xac dich kich thuéc két ciu ctia may dién khong dong bo, giita hai dudng kinh trong va
ngoai cua 101 sat stato co6 mot quan hé nhat dinh:

D

Dy

ko =

Quan h¢ nay phu thudc vao s6 doi cuc va dugc néu trong bang:

0,57 0, 68 0,72 0,77

Bang 2. 1 Tri s cua kp

DPuong kinh ngoai D,, ¢6 lién quan mat thiét v&i chiéu rong cudn ton ky thuat dién va chiéu cao
tam truc may h da dugc ti€u chuan hoa. Vi vay, thuong chon D, theo h va tir d6 tinh nguoc lai
D,.

Puong kinh ngoai t6i da D, max theo chiéu cao tim truc h va dudng kinh ngoai tiéu chuan D,
cua cac dong co dién khong dong bo Nga, day 4A cap cach dién F nhu trong bang 10-3 trang
230 TKMD

Chiéu dai phan img dugc tinh theo cong thirc:

~ 6,1.107.8
a,k k,AB,D*n,

5

kyp*P Sy A X o , , NPT SR S X
O day S=—£"— goi la cong suit tinh toan, trong d6 1, cose 1a hiéu suat va hé sd cong suit
n*cose
dinh mirc ctia may va co thé tra theo bang phia dudi.

Va kg=E/U luc dau tra theo hinh 10-1 trang 231 TKMBD.

iat (KWt (%)

n (Vong / phut) n (Vong / phut)
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Bang 2. 3 Hiéu suat va cose diy dong co dién khong dong bo 3K

Hé s6 cung cuyc tur o5 va hé sb song ks phu thudc vao mirc 46 bao hoa rang k, cia mach tu. Luc
bét dau tinh toan ta gia thuyét mot k, nhit dinh rdi theo hinh 4.4 (trang 79, TKMD) tra ra o va
ks. Sau khi tinh toan xong mach tor méi nghiém lai tri sb k,. Néu sai s6 so véi ban dau qué 16n
thi phai gia thuyét lai k, roi tinh lai.

Hé s6 day quén kg luc ddu chon theo kiéu day quin. Déi voi diy quan mét 16p 1ay ky = 0, 95 +
0, 96, v6i day quan hai 16p hodc mot 16p ma 2p = 2 thi kg = 0,90 + 0,91, con may nhiéu cyc thi
k= 0,91 +0,92.

Trong may dién khong ddng bo, khi chiéu dai 151 sit ngan hon 250 ~ 300mm, viéc tan nhiét
khong kho khan 1am nén 16i thép cé thé ép thanh mot khdi, do d6 chiéu dai tinh toan ciia phan
mg trén khe ho bang chéu dai 18i sat 1;. Khi 15 sat dai hon thi phai c6 ranh thong gié hudng
kinh, nén lac d6 chiéu dai 15i sit bang:

L=1+n,*b,

Trang-18 -



Ludn An Tét Nghiép nguyenvanbientbd47@gmail.com

Trong d6 n, va b, 1a sO ranh va chiéu rong ranh théng gidé hudng kinh. Thuong lay b, = Icm,
con n, thi chon sao cho chi€u dai moi doan 161 sat vao khoang 4 + 6¢cm.

2. Chon A va B;

Viéc chon A va By anh hudng rat nhiéu dén kich thudc cha yéu D va 1. Ptng vé mat tiét kiém
vit ligu thi nén chon A va B 1on, nhung néu A va Bs qua 1on thi ton hao dong va sat tang lén,
lam may qua nong, anh hudng dén tu01 tho st dung may. Do d6 khi chon A va Bs can xét dén
vat liéu sir dung. Néu ding Vat lidu sat tir t6t (c6 ton hao it hodc do tir thim cao) th1 c6 thé chon
B; 16n. Dung ddy dong co cip cach dién cao thi c6 thé chon A 16n. Ngoai ra ty so gitta A va By
cling anh hudng dén dic tinh lam viéc va khéi dong cua dong co khong déng b0, vi A dac
trung cho mach dién, Bs dac trung cho mach tur.

Hé s6 cose ctia may chu yéu phu thudce vao ty 18 giita dong dién tir hoa v6i dong dién dinh
muc.

k,*ks .6, Bs

—=1,78% £ 2
am kg, T A

A A 1 ... £ Bgo o . 1x o s N X 1A
Tt cong thuc trén ta thay khi ty so 75 tang, nghia la Bstang hay A giam thi I—“ tang dan dén

dm
Cos( cua may giam.
Nhu d3 biét, momen khai dong My va momen cuc dai M, ty 1€ nghich v61 dién khang ngén
mach x,, X, cang nho thi My va M,,,,, cang lon.

Quan hé giita A va B trong may dién khong dong bo theo duong kinh ngoai D, dugc biéu thi
trong hinh 10- 2 (trang 231, TKMD).

Ciing giéng céq may dién khac, viéc chon D va I cho mot méy khong chi ¢c6 mot nhom tri s6, vi
vay khi thi€t k€ phai can cur vao tinh hinh san xuat ma tién hanh so sanh phuong an mét cach
toan di¢n dé dugc mot phuong an kinh t€ va hop 1y nhat.

O may dién khong dong bo, qua nhitng may da thiét ké ché tao va c6 tinh ning tét, tinh kinh té
cao thi A nén nam trong pham vi gach chéo cua hinh 10- 3 (trang 233, TKMD). Vi vay khi bat
dau thiét ké mot may méi nén nghiém lai A sau khi d sac dinh D va 1.

I1. Thiét ké stato

1. Day quén stato

Viéc chon kiéu dy quéan va kiéu rinh stato cop thé theo cach sau:

Vi dién ap <660 V, chiéu cao tdm truc <160 mm c6 thé chon day quén mot 16p déng tam dac

trong ranh nira kin. Voi h = 180-250 mm dung day quén 2 16p dic vao ranh nira kin. Véi h >
250 mm dung day quan 2 16p phan tir cing déc vao ranh nira hé.

Véi dién ap cao, U = 6000 V dung ddy quan 2 16p phan tir cimg dic vao ranh ho. Day din tiét
kiém tron hién nay thuong dung diy men cach dién cép E tré 1én. Day dan tiét kiém chir nhat
thudng dung loai boc 2 16p soi thuty tinh cach dién cap B trd 1én.

Mudn chon kich thudc day trudce hét phai chon mat do dong dién J cta diy dan. Cin cir vao
dong dién dinh muc dé tinh ra tiét dién can thiét. Viéc chon mat do dong dién anh hudng dén
hiéu suit va su phat nong ciia may ma su phat néng nay chii yéu phu thudt vao tich sd Al.
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Trong may dién khong dong bo, tich sé AJ theo dudng kinh ngoai 16i sat D, dugc néu trong
hinh 10-4 (trang 237, TKMD).
So b tinh tiét dién day dan thanh phan bang:
Idm
a,*n *J,

1
S

Trong do:

a, - s6 mach nhanh song song ctia ddy quan;

n; — so soi ghép song song.

Can ¢t vao s’y chon tiét dién day quy chudn s;, tir d6 duoc duong kinh ddy tiéu chuén.

Chon a; va n, thich dang dé dudng kinh day khong ké cach dign d < 1,8 mm. Péi voi diy men
thi duong kinh khong 16n hon 1,7 mm khi 16ng day bang tay va khong 16n hon 1,4 mm khi
long day bang may dé khoi anh hudng dén do bén co cua 16p men cach dién.

2. Xéc dinh s rinh stato

Khi thiét ké day quén stato can phai xac dinh s ranh ctia mot pha duéi mdi cuc q;. Nén chon
qi trong khoang tir 2+5. Thuong lay q; = 3+4. V6i may cong suat nho hoidc tbe do thap, lay q
= 2. May toc do cao cong suit 16ncé thé chon q; = 6. Chon q; nhiéu hay it ¢6 anh huong dén sb
rinh stato Z;. S6 rinh nay khéng nén nhiéu qu4, vi nhu vay dién tich cach dién ranh chiém chd
s0 v6i s ranh it s& nhiéu hon, do d6 hé sb lgi dung ranh s€ kém di. Mat khac, vé phuong dién
d6 bén co ma ndi rang s& yéu. It ring qué s& lam cho diy quan phan bd khong déu trén bé mat
15i st nén sirc tir dong phan cimg cd nhiéu sdng bt cao.

Tri s6 q; nén chon sd nguyén vi cai thién dugc dic tinh lam viéc va c6 kha nang 1am giam tiéng
kéu ctia may. Chi trong trudng hop khong thé tranh duoc méi ding q; la phan b véi mau so 1a
2. S¢ di nhu vay vi stre tir dong song bat cao va song rang cua day quén vé6i q; 1a phan sb trong
may dién khong dong bo 1a may c6 khe ho rat nho, dé sinh ra rung, momen phuy va lam ting ton
hao phu.

Sau khi chon q; thi s6 ranh stato bang:

Z,=2*m* p* q.
Va budc rang stato:
T*D
1 Z1

D6i voi ranh nita ho, c6 thé chon Z; theo budc rang stato t;, trong do t; co thé xac dinh theo
bang sau

b U(V)
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3. Dang ranh stato

Dang ranh phu thudc vao thiét ké dién tir va loai ddy dan. Ranh duoc thiét ké sao cho c6 thé
cho vira s0 day dan thiét ké cho mot ranh ké ca cach dién va cong nghé ché tao dé, mat do tu
thong trén rang va gong khong 16n hon mot tri s6 nhat dinh dé dam bao tinh nang ciia may.

Déi v6i ranh nira kin véi ddy dan tiét dién tron, dé xac dinh mirc do 1ap day ranh khi 16ng day
vao ranh thuong dung h¢ so 1ap day kg.

Thudng khi thiét ké 1y kq= 0,7 =+ 0,75 1a thich hop nhat.

Miéng ranh by; = deg + 1,5 mm trong dé dg 1a duong kinh day ké ca cach dién. Chiéu cao
miéng ranh hy; thuong lay trong khodng 0,4+0,8mm. D61 véi ranh nita hé hodc ho, quan hé
gifra budc ranh t; va chiéu rong ranh b,; nhu sau:

tl = (1:8 - 292) * brl
II1. Thiét ké 16i sit roto
Su khéac nhau giita cac kiéu may khong dong bo 1a & roto. Tinh nang ciia méy tot hay xau ciing

la & roto. b€ thdéa man cac yéu cau khac nhau, c6 thé ché tao thanh loai réto day quan, roto
long so6c don, roto ranh sau, roto 1ong soc kép. ..

1. Roto day quin

Pong co cong suit dén 10-15 kW trude ddy dung day quén tiét dién tron mot 16p dong tam hai
mit phang (v6i 2p = 4) hay ba mit phang (2p = 2). Khi ay r6to chon ranh nira kin hinh dvan
hay qua 1& v6i miéng ranh by, =1,5 - 2 mm ;s pha roto m, = 3 va ndi hinh sao.

Trong nhitng nim gan day, day quan roto thuong dung loai xép hai 16p va so d6 day quan
khong khac voi day quin stato. Dy quén cAu tao tir nhitng thanh din tiét dién chit nhat khong
16n 1am, tao thanh cac phan tor cting ddt vao trong thanh ho co bé rong 3,3 - 5,6 mm dé tranh
ton hao dap mach va ton hao bé mit trén rang stato va dé cho hé s khe ho khong khi k s khong
16n 1am. Day quén ndy duoc sir dung cho nhﬁ‘ng méy c6 chiéu cao tdm truc dén 280 mm. Khi h
> 280 mm thuong dung day quan song kleu thanh dan. Uu diém cia loai ddy quin nay, ngoai
viéc giam khoi lugng dong & phan dau ndi ra con cho phép nang cao dién ap & vanh truot va
nhu vy s& 1am nho dong dién qua chdi than.

2. Pong co 1ong séc thwong
a) Chon s rinh réto Z,

Viéc chon s6 ranh roto 10ng soc Z, 1 mot van dé rat quan trong, vi khe hé cua may rat nho, khi
khoi dong momen phy do tir truong song bac cao géy nén anh huong rat 16n dén qua trinh khoi
dong va anh huong dén ca dic tinh lam viéc. Vi vy, dé co tinh nang tot, khi chon Z , phai tuan
theo mot sy han ché nhét dinh.

Su phdi hop s6 rinh stato Z,va roto Z, duoc ghi trong bang 10-6 trang 246 TKMD

Khi 1am nghién ctru ranh thi sy phdi hop s6 ranh Z,va Z, cho phép rong rii hon, tuy vy n6 lam
cho momen cuc dai va cose ha thap xuong mdt ti, vi vay khong lay b, qua 16n.
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Thudng trong cac may khong dong bo cong sut nhé chon Z,< Z,dé cho ring ranh roto khoi
quéa nhé. Trong cac may cong suat 16n, dé giam dién chon Z,> Z,

b) Dang ranh réto loai thudng

Thiét ké dang rinh ciing 1 xac dinh dién tich ranh (tic 1a dién tich thanh dan cua 16ng soc). Do
dién tro r va dién khang tan x cua r6to c6 quan h¢ voi hinh dang ranh réto, nén khi réto da thiét
ké xong thi viéc thiét ké dang ranh réto truc tiép anh hudng dén tinh ning cua may. Ngay nay,
v6i nhitg may c6 chiéu cao tim truc h=50 — 250 mm thudng 16ng soc duoc diuc bang nhom,
trong d6 khi h = 50 — 250 mm thuong duc bang ap luc, khi h > 280 mm thi dic rung hay trong
luc.

Rénh trong hinh 2. 1a thudng dung trong may khong dong bo roto 16ng soc co chiéu cao tim
truc h < 160mm, trong d6 thuong léy bsy = Imm, hy, =0, 5 — Imm, d;/d,= 6,5 -7, 5/4 — 6mm,
h,; =10 -20 mm.

Khi h > 180mm dung ranh sau hinh 6van nhu hinh 2 -1b hodc 2-1c, trong dé ’b42 =1, Smm,
hyy=0,5 -1, Smm, d;= d,= b,,= 3, 5 — 6mm, h,= 25 — 45mm. Mdy cang 16n téc do cang cao
thi b,, cang sau.

a) b) ©)

Hinh 3.1

Thiét ké ranh roto phai lam sao cho mat do tir thong & rang va gong roto phai nam trong pham
vi thich hop ghi trong cic bang 2. 5. Vi vay khi thiét ké ranh, phai dinh kich tthudc téi thiéu
cua rang va gong roto.

Mat khac d6i voi may khong dong bo roto 1dng soc, tiét dién rianh roto dong thoi 1a tiét dién
thanh dan roto, vi vay phai lam sao cho mat do dong dién trong thanh dan réto thich hop. Chon
mat do dong dién trong thanh dan J= (2, 5 + 3, S)A/mm2 khi thanh dan duc nhom va Ju = (4
+8) A/mm” khi thanh din bang ddng, trong d6 tri s6 16n dung cho cong suat nho. Mat d6 dong
dién & vong ngan mach J, chon thap hon J4 khang 20+ 25 %.

Chiéu cao vanh ngin mach thudng lay cao hon chiéu cao ranh roto:

by, > 1, 2*h,

Chiéu dai 151 sit roto 1, thuong thiét ké bang chiéu dai 151 sit stato 1, hodc dai hon 4 — 10 mm.
IV. Khe hé khong khi
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Khi chon khe ho khong khi § ta cb gang lay nho dé dong dién khong tai nho va cose cao,
nhung khe ho qua nho 1am cho viée ché tao va lap rap thém kho khan, stato dé cham véi roto
1am ting thém ton hao phu va dién khang tan tap cia may ciing ting.

Theo két cau thi khe ho phu thudc vao kich thuéc dudng kinh ngoai roto, khoang cach giira hai
0 bi va duong kinh tryc. Nguyen nhan la dudng kinh D anh huong dén dung sai lap gheép cua
v0, nap, 161 sat, tir d6 quyét dinh d6 1éch tam cho phép va lyc tir mét phia cua may. Duong kinh
truc va khoang cach gitra hai 6 bi quyét dinh d6 vong cua truc. Co thé dung nhiing cong thic
sau dé chon hé so khe ho cua khong khi:
- V6i nhitng may cong suit P < 20 kW:
Khi 2p > 4 §=0,25+D*10°mm

L,5.D
Khi 2p =2 5=0,3+ 1000 mm

-Vé6i nhitg may cong sudt P > 20 kW:
0= D . 1+ i)mm

1200 2p

Trong cac cong thirc trén, D tinh theo mm. Tri s6 & tinh ra phai 1am tron con s6 th hai sau dau
phéy thanh 0 hoac 5.

V. Tham sb ciia ddng co dién khong dong bo trong qua trinh khéi dong

Doi VO’l cac may di¢én thong dung, ta co thé cho rang nhiing tham sb 1,1, Xy, Xp cua may la
hang s6 khi may lam viéc tir khong tai dén dinh muc. Khi hé sé truoc 16n hon tri s6 sm g voi
momen cyc dai, do dong dién bay gio da 16n hon 2,5 lan dong dién dinh muec, lac do6 bt dau c6

hién tugng bao hoa rang do tir thong tai vi vay x; va x,’ gidm. Mat khac do hi¢n tugng hi¢u ing
mit ngoai trong thanh dan réto nén nhitg tham sér,", x, ~ ciing thay doi.

béi véi dong co dién roto day quén, khi khoi dong co bién tro dong Ry ndi véi mach roto nén
dong dién khdi dong khong vuot qua(l — 1,5)* I4,, do do khong can xét dén cac hi¢n tugng
trén va coi nhu tham s6 khong doi.

Pbi v6i dong co roto 1ong soc, khi khoi dong thudng dong truc tiép dong co vao ludi dién vai
dién &p dinh muc, vi vdy dong di¢n khoi dong 16n (4 — 7)*14, 1am cho dién khang x;, x," va
1, thay ddi rd rét.

1. Sw thay ddi cac tham s do hién twong hiéu ing mit ngoai ciia dong dién

Dé cai thién dic tinh khoi dongbang cach lgi dung hién tuong hiéu (mg mit ngoai ctia dong
dién, thuong nguoi ta dung ranh sau.

Dung rinh sau c6 thé ting dién trd r, lic khoi dong ciing nhu giam dién khang vi téng cac dng
cam Ung tr tan ranh gidm xuodng.

Khi khai dong, do tan sb roto cao nén do hién tuong hiéu ing mat ngoai, dong dién tap trung
1én phia trén ranh. Vi vdy ta can xac dinh do sdu quy d6i h, cta ranh trong d6 quy wdc dong

dién phan bd déu va trén co sé d6 xac dinh dién tré dic trong ranh. Ciling 13p luan nhu vay sé
tim dugc chiéu sau quy doi cua ranh hy va theo do xac dinh dién khang cua thanh dan.
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Tri s6 h, va h, duoc xac dinh theo cong thue sau:

h _ a
o1+ 1)

h, = a*y

Trong do6:

a: chiéu cao cua déng hay nhom trong ranh

Hé sb ? va ¥ dugc xéac dinh theo duong cong & hinh 10- 13 (trang 256, TKMD).

a) Cach xac dinh dién tré r ciia diy quén roto khi tinh dén dong dién mit ngoai

Trude hét phai xac dinh dién tré ciia thanh dan khi tinh dén dong dién mat ngoai I

V61 ranh nhu hinh 2-1a va 2-1c:

=T kg

O day kR=1+§2'—’ *p
2

Trong do:

I’, chiéu dai thanh dan

I, chiéu dai ctia phan thanh din nam trong rinh trir cac ranh théng gié ngang truc

Khi r6to duc nhom thi 1’,=1,,

V6i ranh nhu hinh 2-4b thi phai tinh tiét dién ranh tng véi choiéu cao h,

* d
5 oAb dixb g
8 2 2
d—d d
b, =d -2 (p -2
r h ( 1 2)
Hé sb kg duoc xac dinh theo cong thirc sau:
=S
Std
Trong do:

S.q: tiét dién thanh dan

Véi ranh tron nguoi ta xét dén hidu ing mit ngoai khi £>1,6 day & tinh theo cong thirc

é::z*ﬂ-*dtd *O,*l\/ﬂ*s*ﬂ*los
b, P
Trong do6:

S: hé sb truot
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bﬁ . tj s6 bd rong thanh din va rinh. Khi rinh sau va thanh ddng hep thi bﬂ=o,9. Véi roto dic

r r

nhom thi b£= .

p- dién tré sut cua vat liéu thanh dan

lic do:  ke=l+20% g
I

Dién trd roto khi xét dén hiéu tng ngoai:

*
2%r,

De= Ty + *
(2*sin 7Ly
Z2
b) Cach xac dinh di¢n khang tin x,; ciia roto khi xét dén hién twong hi¢u img mit ngoai
Dong dién mdy ngoai chi giy ra sy thay ddi hé sb tir dan tan ranh Mg VOi1 ranh hinh qua 1€,
Apeduoc xac dinh theo cong thirc:
h T*b b h
Ape=[——(1— )2+ 0,66 ———]*p +—+
a5 (- 5es) TN AE
O day: S,-tiét dién thanh din (mm?)

Véi cac dang ranh khéac c6 thé xac dinh theo cong thire sau:

- V&1 ranh tron:

bl )*V/+ﬂ

A2e=(0,785-
25 2%b b,

- V6i ranh vuong chat goc:

h,2 3%h h
Moe=(——+ )Ry 4+
et hean,) Y,

-V6i ranh vuong:

hl )*W+h_2+&+h_4
3% b b+2%b, b,

Moe=(

Tong tir dan khi xét dén dong dién mat ngoai:
2= Moethotha
Dién khang roto khi xét dén dong dién mit ngoai:

Z 225
>4,

Trong do6:

%
X2e=X2

X,: di€n khang roto
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>A\,: Tong hé s6 tir dan khi khong xét dén higu ing mat ngoai
2. Tinh toan dnh hwéng ciia bao hoa ring dén dién khang tan

Khi dong dién trong diy dan 16n ,s& sinh ra hién tugng bdo hoa mach tir,chu yéu & phan dau
rang do tur treong tan ranh vaa tir truong tan tap lam cho X; va X2¢ thay ¢i

Su thay doi x; va Xy: do bao hoa cua tir truong cling co thé tinh gan dung theo phuong phap
sau:

Tri s6 thuc ctia dong dién ngan mach c6 thé tinh bang:
Loh= kp*Ing

O day I, 1a dong dién ngan mach khi khong xét dén bao hoa mach tir tan. Co thé bang thi
nghiém chon so b tri $6 k. DO voi dong co dién, roto ranh nita kin ,v4i ranh stato miéng nira
kin thi 13y kyy=1,3+1,4 ,v6i rinh stato miéng nira hé hay ho 1ay ky,=1,2+1,3 (tri s6 16n dung
cho rinh nita ho). Véi dong co dién roto hai 16ng séc kyn=1,2+1,259 (tri s6 nho dung cho rénh
ho ¢ stato). Voi dong co dién co ranh réto kin ky,=1,3+1,45

Strc tir dong trung binh cua mot ranh stato:

l,* VA
Fup=0,7% “2 el % (k4 ¥k, *25)
aQ Z,

Trong do6:

u,; s thanh dan tac dung trong mot ranh

a; s6 mach nhanh song song

kg hé s6 tinh dén stc tir d6ng nhé do budc ngin
kyhé s6 budc ngan cua diy quan

kq hé s6 day quan

VAW D) s6 rianh stato va roto

Mat d¢ tir thong qui doi trong khe hd khong khi:

F

B — rth
¥L6*5*C,,

Trong do6:

0: khe hé khong khi

o
1+,

Cbh=0,64+2,5 *

Voi ty,t, 1a budce ranh stato va roto

Ngoai ra ta con phai tinh dén cac phan khac nhu :tinh toan co, tinh toan nhiét, tinh toan théng
gio... ma s duogc trinh  bay chi tiet  hon ¢  phan sau.
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PHAN IL. THIET KE VA TINH TOAN PONG CO KHONG PONG BQ BA PHA ROTO
LONG SOC

Cic thong so ban dau
- Cong suat dinh mc:
Pom =15 kW

- Bién 4ap dinh muc:
Udm = 380/220V

- Tan sb dinh muc:
fim = 50Hz

- Cach d4u day:

Y/A

- Téc @6 ddng bo:

n; = 1500 vong/phut

- S cuc tu:

%
p= 60f _ 60*50 _9
Ny, 1500

- Kiéu may:

May kiéu kin
-Cép bao vé:

P44

- Cép cach dién:
Céch dién cap F

- Ché d6 1am viéc:
Lién tuc

- Két cau roto:
Roéto 16ng séc

- Chiéu cao tam truc:

Tra Bang IV. 2, phu luc IV (trang 602 TKMP) chiéu cao tim tryc theo diy cong suat ciia dong
co dién KDPB roto 10ng soc 4A (Nga) kicu 1P44 cap cach dién F 1a:

h =160mm
- Hi€u suat va hé s6 cong suat:

Tra Bang 10-1 (trang 228 TKMD) hi¢u suat va coso diy dong co dién KPB 3K tmng voi cong
suat P4,,=15 kW va toc do ng»=1500 vong/phut ta chon hi¢u suat:

n=389%%
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Va hé sb cong suat:

cosp = 0,88

- B6i s6 momen cuc dai: Tra bang 10-10 (trang 268 TKMD) boi s6 momen cuc dai my,, cla

day dong co 3K ta chon:

Moy = Mo _ 2,2

dn

- B6i s6 momen khoi dong:

Theo bang 10-11 (trang 271 TKMP) bdi s6 momen khoi dong diy dong co dién 3K ta chon:
Mk
Mdm

-Boi s6 dong khoi dong: Tra bang 10-12 (trang 271 TKMD) boi s6 dong khai dong diy dong
co dién 3K ta chon:

my = = 1,4

ik = Imin/I max 7
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CHUONG 1. KICH THUOC CHU YEU
1. S6 déi cuc

_ 60*f; 60*50 _
n, 1500

p

2. Duwong kinh ngoai stato

Vi chiéu cao tdm truc h = 160 mm theo Béang 10-3 (trang 230 TKMD) tri s6 ciia D, theo h, ta
chon:

D,=27,2 cm

- Puong kinh trong stato:

Tra theo bang 10-2 (trang 230 TKMD) tri s6 cua kp, phu thudc vao s6 doi cuc, ta chon:

kp =10,64+0,68

D = kp«D, = (0,64 +0,68)*27,2 = 17,408 +18,496

= chon D =18 cm

- Cong sut tinh toan:
k;*P _ 0975%15

n*cosp  0,89%0,88

Trong d6 kg = 0,975. Hinh 10-2 (trang 231 TKMD).

kg 1a ty s6 suc dign dong sinh ra trong may va dién ap dat vao.

P = — 18,67 kVA

- Chiéu dai tinh toan cua 11 sét stato:
Theo hinh 10-3b (trang 233 TKMD),
chon A = 340A/cm; B; =0,76T

L= 6,1%10" * P’ _ 6,1%10" *18,67
@tk Fk,*A*B *D?*n, 0,64%111%092%340%0,76 18 #1500
ls=13,88cm

= lay ls= l4cm
Trong do:

a; = % = 0,64 13 hé sd tinh toan cung cyc tur

k=7 =1.11 hé sd sé
S A\E . @SOSOHg

k¢=0,92 hé s diy quan
A: tai duong
Bs: cam Ung tir trong khe hd khong khi.

Do 16i sat ngan nén lam thanh mot khéi. Chiéu dai 16i sat stato, roto 1
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11 :12:15: l4cm

- Budc cuc:
* *
Do 718 14 13em
T e, 22
- Lap phuong an so sanh:
Hé s6 hinh dang A:
/
b o 14 0,99
T 14,13

Trong diy dong co khong dong bo 3K cong suit 15kW, 2p = 4 ¢6 cung duong kinh ngoai
(nghia 1 ciing chiéu cao tim truc h) véi may cong suit P= 18,5KW.

H¢ s6 tang cong suit cua may la:

_ 185 _
15

do do }ng’5 = ’Y*}L15 = 1,23*0,99 = 1,2

Theo hinh 10-3b (trang 235 TKMP) hai hé s6 A5, A5 déu nam trong pham vi kinh té do d6
viéc chon phuong an trén 1a hop 1y.

- Dong dién pha dinh mtrc:

* 3 % 3
I = P*10 _ 15*10 —99 A
3*U, *n*cosep  3*220*0,89%*0,88
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CHUONG 2. DAY QUAN, RANH STATO VA KHE HO KHONG KHi

1. Ma hiéu thép va bé day la thép

Ta chon thép ky thuat dién can ngudi d,'fmg huong lam 161 thép stato, chon loai thép Nga ma
hi¢u 2211 bé day 14 thép 1a 0,5 mm, h¢ s6 ghép chat k.=0,95.

2. Két ciu stato clia v6 may dién xoay chiéu

a) Vo may

Khi thiét ké két cdu vo stato phai két hop voi yéu cﬁu’ vé truyén nhiét va thong gio, dong thoi
phai c6 du do cung va do bén, khﬁr}g nhitng sau khi lap 161 sat va ca khi gia cong vo. Thuong
du do cung thi du d6 bén. Vo6 co thé chia lam hai loai: Loai c6 gan trong va loai khong c6 gan
trong. Loai khong c6 gan trong thuong dung dbi vOi may dién c¢d nho hodc kiéu kin, lac d6
lung 161 sat ap sat vao mat trong cua vo may va truyen nhiét truc tlep 1én vé mdy. Loai c6 gan

trong c6 dic diém 1a trong luc gia cong, toc do cat got cham nhung phé liéu bo di it hon loai
khong c6 gan trong.

Loai vo bang thép tAm han gdm it nhat 13 hai vong thép tim tré 1én va nhiing gan ngang lam
thanh khung. Nhitng dang khac déu xuat phat tir dang co ban do.

b) Loi sit stato

Khi dudng kinh ngoai 16i st nhé hon 1m thi dung tim nguyén dé 1am 15i sit. Lai sit sau khi ép
vao vo s& c6 mdt chot cd dinh voi vo dé khoéi bi quay dudi tdc dong cia momen dién tur.

Néu duong kinh ngoai cua 161 sét 16n hon Im thi dung cac tam hinh r& quat ghép lai. Khi iy dé
ghép 161 sat ,thuong dung hai tim thép day ép hai dau. Dé tranh dugc lyc huong tam va luc hat
cac tam, thuong 1am nhitng canh dudi nhan hinh 1& quat trén cac tim dé ghép cac tim vao cic
gan trén vo may.

3.S6 ranh stato Z,

Véi may cong suit nho thuong 1y q=2. May toc do cao, cong suit 16n co thé chon q;=6.
Thuong lay q;=3-4

Khi q; tang thi Z, tang dan dén dién tich ranh tang lam cho hé s6 loi dung ranh giam, riang sé
yéu vi manh, qua trinh 1am 13i staro t6n hon.

Khi q; giam thi Z, giam, day quan phan bd khong déu trén bé mit 15i thép nén stc tir dong co
nhicu song bac cao.

Tri s6 g; nguyén co thé cai thién duoc dat tinh 1am viée va giam tiéng dn cua may.
Lay q; =4 ranh
7, =2*m*p*q, = 2*3*2*4 = 48 ranh
Trong d6: m 1a s6 pha.
4. Budc ranh stato
T*D _ m*18

t; = = =1,18cm
Z, 48

5. S6 thanh din tac dung ciia m{t ranh u,
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- Bdi vé6i day quan hai 16p chon sé mach nhanh song song a, = 4

A* * * *
oy = ATira_ 340%118*4 o
I 29

chon: u,; = 56 thanh dan.

6. S6 vong day ndi tiép ciia mot pha

Wi = p*ql*b;—rl] - 2*4*% ~ 112 vong

7. Tiét dién va dwong kinh diy din

- Theo hinh 10-4 (trang 237 TKMBD) chon tich sé:

A*J = 1820 A%m*mmz

Mat d6 dong dién:
A*J 1820
oA _ 1820 _ 4
W= =5 7% y
Tiét dién day:
=TI - P _34mm?

a *n*J|  4%1%536
= chon: n=I soi.

Theo Phu lyc VI, bang VI. 1 (trang 618 TKMD) chon day dong trang men PETV ¢6 dudng
kinh d/d.q = 1,32/1,405:

s=1,368 mm?®
8. Kiéu diy quin

Day quén stato dit vao ranh cua 13i thép stato va duoc cach dién voi 161 thep. Day quan co
nhiém vu cam tng dugc suc dién dong nhit dinh, ddng thoi cling tham gia vao viée ché tao nén
tir truong can thiét cho sy bién d6i ning luong dién c6 trong may.

-Céc yéu cau cua day quan:

+Dbdi v6i day quin ba pha dién tré va dién khang cua céac pha béng nhau va ctia mach nhanh
song song cling bang nhau.

+Day quan dugc thuc hién sao cho c6 thé dau thanh mach nhanh song song mét cach dé dang.

Day quan duoc ché tao va thiét ké sao cho tiét kiém dugc luong ddng, dé& ché tao, sira chira, két
cau chac chén, chiu dugc ing luc khi méay bi ngan mach dot ngot.

-Viéc chon ddy quén stato phai thoa man tinh kinh té va k¥ thuat:
+Tinh kinh té: tiét kiém vat liéu dan dién, vat liéu cach dién, thoi gian 16ng day.
+Timh k¥ thuat: d& thi cong, han ché nhitng anh huéng x4u dén dic tinh dién cia dong co.

-Tu yéu cau trén ta chon day quén hai 16p dang dong khuén bdi day budc pgéq. Cong dung la
dé giam lugng dong sir dung,khur song bac cao, giam tur truong tan & phan bdi day va trong
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ranh stato, lam tang coso, cdi thién dac tinh mé may dong co, giam tiéng 6n dién turlic dong co
van hanh.

-Céc hé qua x4u ton tai trong dong co khi séng bac cao khong bj khir:

+Tinh ning mé may x4u do cac truong trén dic tuyén momen (do song bac 5 va 7 gy ra) lam
cho dong co khong dat dén toc do dinh mirc.

+Néusd ring cua stato va roto khong phu hop dong co giy ra tiéng 6n dién tir khi van hanh, co
khi roto bi hut 1éch tam (do luc huat dién tir tao nén).

+S6ng bac cao gy ton hao nhiét trong 15i thép duéi tac dung do dong phuco.

Thuec ra viéc chon budc ngan thich hop khong c6 tac dung khir hoan toancic séng bic cao ma
chi c6 tac dunggiam nhé chiing xuéng dén mdét gia tri chap nhan dugc. Trong thiét ké, budc boi
day co6 tac dung khir sébng bac 5 va 7 cach dau day hinh sao ba pha c6 tac dung khir song bac 3.
Tiéu chudn xét sy t6n hao song bic cao <5% xem nhu song bac cao khong dang ké, tir 5-10%
chap nhan dugc, >10% co6 ton tai song bac cao. Song bac cao khong bi khir khong cho phép
kha thi.

Dé khtr triét hoan toan song bac 3 ta dung hé sb B =§ , khtr song bac 5 ta dung hé ) B= %,
khtr song bac 7 ta dung hé s6 B = g .Tuy nhién ta khong khtr tri¢t hoan toan mot song bac cao

nao ca ma ta chon bude boi day dé 1am nho cac song bac cao 3, 5, 7 cung mdt luc.

=0 105833
7, 12
Trong do:
=2 =M 12 13 bude cye tir
2%p  2%2

y1 1a bude béi day
= chon Yuin <Y1 < Ymax
2. 2 4
min~ 5 T 3 12=8
y 3 13
Vmax = T1-1 =12-1 =11
= tachony; =10
9. H¢ s6 ddy quin
Hé s budc ngin ky:
%
pra _ . 10¥180
12*2

k, = sin =0,966

H¢ s6 bude rai ki
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_g*a . 4*15
Sin Sin

ky=—2—= 25=o,958
q*sing 4*sin—
2 2

L PF360 _ 2%360
Z, 48

vOi 15°

Hé s day quan kg:
kq = ky*k, = 0,966*0,958 = 0,925
10. Twr thong khe hé khong khi @
_ k, *U, _ 0,975*220
A% *f,* fRw AF111%0,925%50%112
11. Mat dg tir thong khe hé khong khi B; va tai dwong A
$*10* _ 93 *107 *10*
a,*T*l 0,64%14,13%14

2* % *I kQk %k
A= 2Emtw Lo 2%3*112 29:228% 2
T*D T*27,2 cm* mm

=9,3*10” Wb

Bs = =0,73T

Ta thiy sai s6 mat do tir thong khe hd khong khi va tai dudng so véi gia tri ban ddu nho hon
10% nén ta khong can chon lai.

12. So bd dinh chiéu rong ciaa ring b’,
By *1, %1, _ 0,73*L18 _

B, *1 *k,  1,75%0,95

O day lay B,; = 1,75 (Bang 10-6b, trang 241 TKMD). Hé s6 ghép chit k. = 0,95 (Bang 2-2,

trang 23 TKMD).

13. So bd chiéu cao ciia gong stato hy;

ho— _ ¢*10° _ 93*10°*10°
& 2B FL*k, 2%1,5%14%095

b, = 0,52cm

=2,33 cm

o day lay B, = 1,5T (theo Bang 10-5a, trang 240 TKMD).

14. Kich thwéc ranh va cach dién
h,; = 24mm

h;; = 19mm

by = deg +1,5mm = 3mm

d; =7,5mm

d, = 9mm

hs; = 0,5mm
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Theo Bang VIII. 1 (Phy lucVIII, trang 629 TKMBD) chiéu day cach dién cua ranh 1a ¢ = 0,4mm,
cua ném la ¢’=0,5mm.

15. Dién tich ranh trir némsS’,

g = z*(d’ +d,")  d +d
8 2

: *(hlz-%)

7*(7,5° +9%) L7549
8 2

=180 mm°*

*(19-%)

*d,

Chiéu rong cua miéng cac-tong ném 1a ( ), cia tAm cach dién giira hai 16p 1a (d;+d,).

- Dién tich cach dién ranh:

r*d, *q

St =1 +2*h12+(d1+d2)]*c+% *¢”

T*9 T*7,5

=[5 2¥19HO+T. 504+ 0,5

=33 mm’

- Dién tich c6 ich cua ranh:

S; = S’-Sea= 180-33 = 147 mm’

-Hé s6 lip day ranh:

w, *n *d,’ _ 56*1*1,405°
S 147

r

kg = =0,75

Ta thdy hé s6 lap day ranh nam trong khoang tot nhat (0,7+0,75) nén khong can tinh lai.

16. Bé rong ring stator b,

T*(D+2%h, +d))
b,” = -d,

% %
7(18+2%0054075) ) 5o
48
=0,484 cm

,_ m*(D+2%(hy +h12)_d2

b
z1 Zl
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_ m*(18+2*(005+19) ¢

48

=0,533 cm

b, = bzl";'bzl' _ 0,484+0,533 _ 0,5085 cm

17. Chiéu cao gong stato

hy = 22 -hr1+% *d, = w-2,4+é %0,9 = 2,35 cm

18. Khe hé khong khi

5= L2 x1+2y=180 w14 % y_ 04875 mm
2p 1200 2%2

1200
Theo nhitng mdy da ché tao & bang 10-8 (trang 253 TKMPD) khe ho khong khi & diy dong co
4A, ta chon 6 = 0,5 mm.
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CHUONG 3. DAY QUAN, RANH VA GONG ROTO
1. S6 rianh réto 7,

Viéc chon sé rinh réto 16ng soc Z, 1a mot van dé quan trong vi khe hé khong khi ctia may nho,
khi m¢ may momen phu do tir thong séng bac cao gdy nén anh huong dén qué trinh mé may va
anh hudng ca dén dac tinh lam viéc.

Dé loai trir momen phu déng bo khi md may, can chon:
Z,#7, 72+0,5*7,

2,#2*7, Z,#26*p*g voi g=1,2,3...

Dé tranh momen ddng bd khi quay ,ta chon:
L,#26%pt2%p*g  Z,#Z,X2%p

2, #2*7,X2%p 7,#0,5tp

Z,#7,*p

Pé tranh lyc hudng tim do momen khong ddng b sinh ra trong khi quay ,can chon:
|z, - Z,|#0,1,2

|z, - Z,|#p.p+1

12, - 2, |#2%p,2%p1,2%p+2

|2, - Z,|#2%p

Duya vao cac diéu kién trén va bang 10-6 trang 246 TKMBD
Chon Z,=38 ranh

2. Duong kinh ngoai roto D’
D’=D-26=18-2*0,05=17,9 cm

3. Buéc rang roto t,

z*D' _ T*17,9

=1,48 cm
Z, 38

t2:

4. So' bd dinh chiéu rong ciia ring réto b’,,
By *L,*t, _ 0,73*1,48 _
B, *l, *k, 1,75*0,95

O day lay B,, = 1,75 T. Theo bang 10-5b trang 241 TKMD
5. Puwdng kinh truc roto D,

D;=0,3*D=0,3*18 =5,4 cm

6. Dong dién trong thanh dan roto Iq

6* W, *K,, _ 0,9%29%6%112%0,925
Z, 38

b’,= 0,65 cm

Itd = 12 = KI*Il* =427A
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Trong d6 K; = 0,9 13y theo hinh 10-5 trang 244 TKMD
7. Dong di¢n trong vong ngin mach I,

L=l =427 L = 1297A
e D Yo 180752

2

8. Tiét dién thanh din vong nhom S’

Sy = L = %7 ~ 1423 mm?

— Chon J,= 3 A/mm*

9. So' by chon mat d¢ dong dién trong vong ngin mach S, = 2,5 A/mm’
Tiét dién vong ngan mach S,:

I
g, = Lo _ 1297
J, 25

v

=518.,8 mm?

10. Kich thuéc ranh réto va vong ngin mach

h,, =28 mm 7;1

h;; =20 mm Z \TF
d;=d, =5,6 mm

h42 = 1,5 mm

.
—

T
|
I

h42 = 0,5 mm

11. Chiéu cao vanh ngin mach h,

h, = 1,1*h, = 1,1*28 = 30,8 mm

12. Pwong kinh trung binh vanh ngin mach D,
D,=D’-h,=17,9-3,08 =14,82 cm

13. Bé rong vanh ngin mach b,

14. Dién tich ranh roto S,,
Sp = %*d2+ hjy*d = %*5,62 +20%5,6 = 137 mm’
15. Bé rong ring réto ¢ 1/3 chiéu cao ring

7*(D'-2h42 — ‘3‘ *(h12 +d))

bZZl =
3 Z2
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7z*(17,9—2*0,05—:*(2+0,56)

= 3 -0,56
=0,63 cm
16. Chiéu cao gong roto h,

_ D'-D 17,9-5,4

hg,

L bt L Ad, = 2.8 +1%0.56 =354 cm
> 6 6

2
17. Lam nghién ranh é roto b,
Do nghién bang mot bude ranh stato

b,=t;=1,18 cm
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CHUONG 4. TINH TOAN MACH TU
1. H¢ s6 khe hé khong khi

-Do bé phan tmg c6 ranh dan dén tir din trén khe ho ctiabé mit phan tmg c6 rinh khac nhau.
-Trén rang, tur tr¢ nho hon trén ranh do sirc tir dong khe ho khong khi cua phan mg c6 ring
ranhlén hon so v4i bé mat phan tng nhan.
Khi thiét ké phai dung mot khe h¢ khong khi tinh toan, nhw vAy can phai tinh hé s6 khe ho
khong khi. Hé s6 khe hd khong khi ndi 1én anh hudng cia rang stato va rato té1 khe hé

t) 1,18

ks = = - 1,16
t,—v,*5  118-327%0,05
Trong do6:
2 2
_Bu /9’ _ G105 5,
5+b, /0 5+3/0,5
kp=5— 2 - L8 1,04

f—v,*0  148—-1125%005
Trong do6:
_ (b, /6 _ (15/0,5° _
5+b,/0  5+15/05
ks =ksi+ ks = 1,16%1,04 = 1,2046

Ttr thong chinh sau khi di qua khe ho khong khi thi phan thanh hai mach song song di vao
rangva ranh cua phan Ung, nhung tr dan cua thép 16n hon khong khi nhiéu nén dai b phan tir
thong di vao rang.

2. Dung thép KTD can nguéi 2211

3. Stre tir dong khe hé khong khi F;

Fs = 1,6¥Bs*ks*8*10% = 1,6%0,73%1,2064*0,05*%10" = 704A
4. Mat do tir thong ¢ rang stator B,

% * *
By*h*t _ O73*LIS | oop
b, *l %k 0,5085%0,95

1,125

le =

- Cuong d9 tir thong trén rang stato H,;:

- Theo bang V-6 (Phu luc V, trang 608 TKMD). BPudng cong tir hoa trén rang dong co KbB
thép 2211, ta chon:

H,=25 A/cm
5. Stre tir dong trén rang stato
F,; =2*h’,;*H,; =2%2,1*25 =105 A

Trong d6 h’, = hw% = 24-% =21 mm
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6. Mat do tir thomg & rang roto B,,

By *,*, _ 0,73%1,48 _

B, =
b, *L %k, 0,63%095

1,8T

- Cuong do tu truong trén rang roto Ho,:

- Theo bangV-6 (Phu luc V, trang 608 TKMD):
H,, =27 A/vm

7. Strc tir dOng trén rang roto F,,

F,, =2*h’,,*H,, =2%2,61*27 = 141A

5,6

Trong d6: h’p, = hrz-% =28-20 = 26,1

8. H¢ s6 bio hoa ring k,

_ Fy+F_+F, _ 705+105+141
F, 705

k, =1,35

Hé sb k, nam trong khoang thiét ké hop 1y k, thudc khoang 1,2+1,5.
9. Mat d¢ tir thong trén gong stator By,

_ ¢$*10°  _ 93*107 *10°
& 2xp Flkk, 2%235%14%0,95

— 1,49T

10. Cuwong do tir treong ¢ gong stator Hy;

Theo bang V-9 (Phu luc V, trang 611 TKMD), ta chon
H,; = 8,7 A/em

11. Chiéu dai mach tir & gong stator Ly

n*(D,—h * —
Ly = ( - o) _ m*(27,2-235) 19,5 ¢m
2*%p 2%2

12. Sure tir dong ¢ gong stator Fy;

Fgl = Lgl*Hgl = 19,5*8,7 =170 A

13. Mat do tir thong trén gong roto By,
$*10* _93*107° *10*

Bgzz =
2%hy, *L ¥k, 2%3,54%14%0,95

=0,99T

14. Cuong do tir truong ¢ gong roto Hy,: theo Bang V-9 (Phu luc V, trang 611 TKMD),
ta chon

Hy = 2,69 A/cm
15. Chiéu dai mach hé gong roto Ly

T*(D, +h *
o= (D, +hy,) _ 7*(54+345) _7.02em
2% p 2%2
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16. Strc tir dong & gong roto Fy,

Fo» =Lgp*Hg =7,02%2,69 =19 A

17. Tong sirc tir d9ng ciia mach tir F

F = Fst+F,+F ,+F 1 +F, = 705+105+141+170+19 = 1140 A

18. Hé s6 bio hoa toan mach Kk,

19. Dong dién tir hoa I,
p*F  _ 2%1140

= - =8,15A
2,7%w, %k,  2,7%112%00,925

20. Dong dién tir h6a phan trim
1
Loy = 2 = %*100% —28%

dm

Trang-42 -



Ludn An Tét Nghiép nguyenvanbientbd47@gmail.com

CHUONG 5. THAM SO PONG CO PIEN O CHE PO PINH MUC

Dién tro va dién khang ctia day quan la nhirng tham s6 chu yéu cua may dién.

Dién khang x4c dinh boi tir thong moc vong cua cam ung twong ho xuyén qua cac khe ho
khong khi va moc vong vao ca hai cuon day stato va roto dong co, sinh ra dién khang co ban,
do 1a dién khang ho cam. Tt thong moc vong tan chi méc vong moi ban than cudn day, sinh ra
dién khang tan x; doi vdi stato va x, do1 vai roto, x;+x; 1a dién khang tong ctia day quan dong
CO.

bi¢n tré dong co gitip xac dinh nhitng ton hao cua day quan dong co ¢ ché do xac 1ap va qua
trinh qua dog.

1. Chiéu dai phan du ndi ciia diy quin stator Ly,
Lai= Kar*1y+2*B=1,3*13,35+2*1=19,4 cm

Trong do:
k * % k
=" (D+h,)*y _z*(18+2,4)*10 1335
Z, 48
K41=1,3 tra bang 3-4 trang 69 TKMD céc hé s6 Kg; va Ky
B=1

2. Chiéu dai trung binh nira vong ciia diy quén stator I,
lp=1;+141=14+19,4=33,4 cm

3. Chiéu dai day quin mét pha cia stator L,

L =2%1y*w,*107=2%33,4%112*10°=74,82 m

4. Pién tré tic dung ciia diy quén stator ry

r1=p175*L =L*ﬂ=0,33 Q
n *a *s, 41 1%4%1368

Trong do6:
1 1 P A 5 A 5 A A 9 o
P175 :_:H Qmm*/m dién trd sudt cia day quin & 115°c
e

7. 1a dién dan xuit cua ddy dan & nhiét do tinh toan ldy 0,,= 115°c thi y = 41

Tinh toan theo don vi twong dbi:
I
¥ == 0,33% 2 = 0,0435
u, 220
5. Pién tré tac dung ciia day quin roto ry
LL¥107 1 14107

= =0,0356*10" Q
S, 20,5 137

Tid = ’0/‘”115
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6. Dién tré vong ngan mach r,

LZ¥D,¥107 1 7*1482%107
Z,*S, 20,5 38*5188

Tv_p y =0,00115*107Q

7. Dién tré roto r,
%

2%r,
A

2*0,00115

2

)*¥10° = 0,0568*10° Q

=TIyt (0,0356 +

Trong do:
180° *2

%k
A=2*SinZ P =2*Sin

2

=0,329

8. Hé s6 quy doiy

_A4Fm*(w *k,)? 4%3%(112%0,925)°
Z, 38

=3389

9. Pién tré roto da quy doi
1’,= y*v2=3389*0,0568*10°=0,1925 Q
Tinh theo don vi tuong d6i:

rr=ry* L =0 1925% 20 00254
U 220

1
10. H¢ s0 tir dAn tan ranh stator A,

H¢ s6 tir dan tan ranh A, phu thudc vao kich thudce, hinh dang va kiéu day quén:

h by h, h
=—-*kgH(0,785- -+ 2+ 2L )*K
=3, et 2%b b b41) P
=218 +0906+(0,785-——+ 22 )%0 875
375 2%75 3
~1.25
Trong do6:
$=0,833
k *k
(o 37 _143R0833 o
4
1435k ]
- p _13%0875_ 0
4
hy=hy- 0,1%dy-2%c-c’=24-0,1%9-2%0,4-0,5=21,8 mm
hy= -(% 2% emc’)==( 7; 2280,4-0,5)= 2,45 mm
b=7,5 mm h4;=0,5mm bs;=3mm
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11. Hé s tir din tan tap stator

0,9z *(q, *kd1)2 *po*ky, *o,

A= k%o

_0,9%1,18*(4*0,925)* *0,89*0,95*0,0062
1,2046 * 0,05

=1,27

Trong do:

k41=1-0,033* =1 b‘”2 1-0,033*L=0,95

£ * 1,18%0,05
p1=0,89 theo bang 4-3 trang 137 TKMD
0,=0,0062 theo bang 5-2a trang 134 TKMD
12. Hé s6 tir tan phan dau ndi Aq
xcn=0,34>f<lq—1 *(141-0,64*B*1)

5

=0, 34* *(19 4-0,64*0,833*14,13)

=1,153
13. Hé s6 tir din tan caa stator
Y=g tAg=1,25+1,27+1,15=3,67
14. Pién khang diy quén stator x,

lé)‘

f W
—0,158*Lx(Xypx s x5
X 100 (100) g, T S
—0158* (”2) 14 4367
3%4

=0,424Q

Tinh theo don vi tuong dbi:

xl*le*é—ll =0,442*% —0,0559

15. H¢ s0 tir dAn tan ranh roto M2

b,, h

(-3 0,662 J*ict 5
A [3*b ( )2 ] b,
* 2
3*56 T 8*137 2*56 15
=2,04
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Trong do:

h=24 mm b=5,6 mm S.=137 mm*
k=1 b;»=1,5 mm h4,=0,5 mm

16. Hé so tir din tan tap roto

0,9%,*(q, *k52)2 * P, Tk, *o,

A= =
8*1 ,
09*148*( )2 #1%1%0,0092
— 3*¥2%2
1,206 *0,05
=2,038
Trong do:
k52=l

pp=1 kp=1 ©,=0,0092 theo bang 5-2c trang 136 TKMbD
17. Hé s6 tir din tan phan diu ndi
23*D 4,7*D, _ 2,3*%14,82 4,7%14,82

* *VZ *lg * k14 % 2*lg ’ >|: :0’612
22 12 A a+2*b 38*%14%*%0,9-0,329 3,08 +2%1,68

2=

18. Hé sotir tan do rinh nghién

=055 (2 =0.5%2 038*(“8) 0,648

19. Hé s6 tir tan roto

Y0 Ao Ao g FArn=2,04+2,038+0,612+0,648=5,338

20. Pi¢n khang tan diy quén roto

Xo=7,9*f ¥, * £,,*10°=7,9%50%14*5,338%10°=2,95%¥10" Q
21. Pién khang roto di quy doi

X' 7=y*x,=3389%2,95*10"=1 Q

Tinh theo don vi trong ddi:

X2*=X2’>|< 1 _1*——0 132
U, 220

22. Pién khang hé cam x;,

*x, _ 220-38,15*0,424

=26,56 Q
8,15

Tinh theo don vi tuong dbi:

X, =X —=2656*——35
2oty 220

1
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23. Tinh lai kg
U, -1 * - *
e il 2208150424 g0,
Ul 220

Tri sb nay khong sai khac nhiéu so véi tri sb ban dau kz=0,975 nén khong can tinh lai

Trang-47 -



Ludn An Tét Nghiép nguyenvanbientbd47@gmail.com

CHUONG 6. TON HAO THEP VA TON HAO CO

DPong co dién khi lam viéc sinh ra ton hao lam gidm hi€u suat may. Ton hao 1a di nhién nén
nguoi ta ludn tim cach giam ton hao xudng thap nhat dé nang cao hi€u suat va tdng cong suat ra
0 dau truc.

Ton hao trong dong co dién gom co:

- Tén hao sat: Ton hao ndy sinh ra trong 15i thép stato va réto. N6 phu thudce vao vat liéu dan
tr (ma hiéu thép, chiéu dai cach di€n) va mat do tir cam trong d6. Khi tinh ta bé ra ton hao trén
roto vi khi lam viéc, toc d0 quay roto gan bang toc do quay tur truong nén ton hao nay khong
dang ké.

- Tén hao dong: Tdn hao nay sinh ra trong day quén stato va roto do hiéu ing Jun-Lenz.
- Tén hao co: Do ma sat tai cac 6 do, quat gio.

- Ton hao bé mat: trén bé mit stato va roto gia cong khong nhan lam khe hé khong déu sinh ra
ton hao bé mat. N6 phu thudc vao chat luong gia cong.

- Tén hao dap mach: né dugc sinh ra do hién tugng dap mach tir thong tir rang sang phén ranh
va nguoc lai, n6 phu thudc vao kich thudc mi€ng ranh, budc rang khe hé khong khi v. v...

- Ton hao phu: 1a ton hao sinh ra trong vé may va cac chi tiét khac, ton hao dap mach phan dau
noi v. v...

Tén hao 16n 1am may mat cong sudt déng thoi cling lam tang nhiét cua dong co.
1. Trong lwgng rang stato:

Gz1 = Yre*Z1*bzr*h’ 2 *1 %k 107
= 7,8%48*0,5085%2,4*14%0,95%10
=6,07 kg

Trong do:

Ve = 7,8 kg/dm’ ty trong cia sét

k1 = 0,95 hé s6 ép chit

7, = 48 s6 ranh stato

1, = 14 cm chiéu dai 15i thép stato
h’;;, =24 chiéu cao rang stato

bz, = 0,5085 chiéu rong rang stato
2. Trong lwgng gong tir stato

Gg1 = Yre*1 Ly *hy ¥2%p*k *107

= 7,8%14%19,5%2,35%2%2%0,95%10°
=19,02 kg

3. Ton hao sit trong 16i sit stato
Trong rang:

Prez1 = kgc*pl/so*B221*G21* 107
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= 1,8%2,5%1,78°*%6,07*10°

=0,154 kW

Trong do:

kye =1,8 dbi voi may dién khong dong bo

P1/50=2,5 suét ton hao thép & tan sb tir hoa f= 50Hz

B = 1T mat do tir thong cua thép k¥ thuat dién ma hiéu 2211
Trong gong:

Preg1 = kgcg*P1/50*B2g1*Gg1*10'3 =1,6%2,5%1,492%19,02*10° = 0,69 kW

kgee = 1,6 d6i v6i may khong dong bo

Trong ca 161 sét stato:

Pre’ = Prezit Preg1 = 0,154 40,69 = 0,323 kW

4. Tén hao bé mat trén rang roto

Khi may dién quay, d6i dién véi ring roto ciia may khong dong bd 1an luot xuat hién sy dao
dong cua mat do tur thong, bién do dao dong cua tur thong cang 1on thi khe ho khong khi cang
nho va miéng ranh cang to. Tan s6 dao dong phu thudc vao sé riang va toc do quay .

Vi tan s6 dao dong cao nén cac dong dién xody cam tng trong thép diéu tap trung 1én 16p mong
trén bé mat 161 thép, vi vay ton hao gay nén bdi cac dong dién xody nay dugc goi 1a ton hao bé
mat.

O may dién Kkhong dong b, ton hao bé mat 16n vi khe ho khong khi nhé. Tén hao cha yéu dap
trung trén bé mit roto con trén bé mit stato it hon do miéng rinh roto bé

Py, = 2*p*r*’2;ﬂ *12%p,*107

2

- 2*2*14,13*@>*=14*192,5>*=10'7
= 0,0137 kW
Trong do:

Pom = 0,5%ko*(Z,*n;*10™)1,5%(10*By*t,)*
=0,5%1,8%(48*1500*10™)"*(10*0,282*1,18)"

=0,193 kW

Véi ko = 1,8 1a hé sb kinh nghiém (k,=1,7+2)

By = Bo*ks*Bs=0,32*1,2064*0,73 = 0. 282T

By = 0,32 khi % - % — 6 (tra Hinh 6-1, trang 141 TKMBD)

b

5. Ton hao dip mach trén ring roto
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*n 2
Py, =0,11%( 2 x10% B )*G,,*107
( 10000 w) G2z

k
= 0,11%( 28219041 540,099 2%6,954*10°
10000

=0,039 kW

Trong do:

V6i Gz = Yre*Zo*0 7% 0%, ¥k * 107

= 7,8%38%2,8*%0,63*14%0,95%10"

=6,954 kg

6. Tong ton hao thép

Pre = PretPomPam = 0,3234+0,0137+0,039 = 0,3757 kW

7. Tén hao co

Bdm =

1y Dy pg3 = 1500 24 27:2

)'*10° = 0,123 kW
1000”10 1000 10

co = Keo™(

8. Ton hao khéng tai
P, = Pg. + P, = 0,0375+0,123 = 0,4897 kW
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CHUONG 7. PAC TiNH LAM VIEC

Sau khi xac dinh kich thudc va ddy quan cta dong co ,tinh toan cic tham sd may dién va cic
ton hao ta co6 thé xac dinh dac tinh lam viéc cua may bang hai phuong phap

-phuong phap d6 thi vong tron
-Phuong phap giai tich

O day ta chon phuong phap giai tich vi phuong phap nay cho két qua chinh xac hon. Phuong
phap giai tich dwa vao mach dién thay thé va gian d vecto cua dong co khong dong bo:

©;> 1X11 1R11 1)<21 1R2H
L=L/S
U E
m Gz,

O

0,33Q 0

0,424Q ;
X1> =26,560
1y’ = 0,196Q q’
' =1Q v y

1. He Sé C]

C =1+ = 14 242
X, 26,

=1,016 Q

2. Thanh phén phén khang ciia dong dién ¢ ché do dong bd

Lgx = 1, = 8,15A

3. Thanh phan tic dung ciia dong dién ¢ ché do dong bd

P *10°*1,7 %1 3757 43%8,15%033
3%, 3%220

Idbr = = 0,58 A

4. Swre dién dong E,
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E; = U-L*x; = 220-8,15%0,424 = 216,54 A
_6%w ¥k, _ 6%112%0,925

k, =16,358
Z, 38
oo 427 6,1 A
k16,358
5. Hé s6 truot dinh mirc
I', *r,' *
q= 1226170196 _ 0o
E, 216,54
6. Hé s6 truot tai momen cuc dai
- 0,196
m= = =0,138
. 0424
—+X, +1
¢ 1,016
7. Bdi s6 momen cire dai
M I S
Mpax = = ( = )* "= (96,34 )2* 0,024 =2,55
M, 'y, S 2514° 0,138

I"2max = 96,34 A dong dién r6to ng v Spax
I"24m = 25,14 A dong dién r6to ing vo1 Sy,
So véi gia tri chon ban dau m,,,=2,2 13 1én hon nén khong can tinh lai

Cac so0 liéu dac tinh lam viéc:

~ 2 i_;_’i)

e s

X
O (S +x)))
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1'
T —=*Sing’,
1

2 2
1r +I 1x

1

Zr

I,

KU1, *107

3*[*%p %107

3% %7, %107

,005%P,

Vu1+ PcuZ + Pf+ Po

- 2P

D
= *100%
P

1
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b M oo

40T 1007
38T
36T 90T
34 Qs
327 80T
30T
| 0.035
28T 70T
26T
l, | 0.03
24T 60T
22T
| 0.025
20T 50T
s - 0.024
18T
1 0.02
167 40T
47T
| 0.015
127 30T
07T
| 0.01
8 T 20T
At
| 0.005
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, +
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Naéc tinh lagm vieédc
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CHUONG 8. TINH TOAN PAC TINH KHOI PONG

T4t ca cac dong co khong dong bo phai ty mé may duoc, tirc 1a tu lay da duogc tur trang thai
dung yén lan toc do gan dong bo, sau khi thing momen can cia tai. Yéu cau d6 d6i véi dic
tinh m& may cia cac kiéu dong co lac md may ma thoi.

Déi v6i dong co khong ddng bo roto 1dng soc, ta can tinh toan ki dé dong co bao dam yéu cau
khi m¢ méy va cha y hai diém:
Thir nhét, khi md may thi hé s truot s=1 (roto ding yén) nén bi anh huong cua hiéu tng mat

ngoai xdy ra ¢ thanh dan roto, dong dién trong cac diy quin luc mé may tang 1én rat nhiéu so
v61 binh thudng nén mach tir s€ bao hoa mach.

Thir hai, khi dong m¢ may 16n ma cac momen dién tur khong lon s& lam cho qua trinh mé may
kéo dai, nhiét d6 day quan cé thé vugt qua gidi han cho phép.

Viéc tinh chinh xac ddi voi hién tuong hi€u irng mat ngoai va bao hoa rat phtrc tap cho viéc xac
dinh déc tinh khoi dong, do do thudng chi tinh déac tinh mo may lac khoi dong (s=1). Va chi
dung phuong phép tinh gan dung.

1. Tham sb cia dong co dién khi xét dén hiéu ung mat ngoai vois =1

- Tinh hé s6 quy ddi chiéu cao ranh réto khi mo may (s = 1):

£ =0,067*a*+/s =0,067%27,5%1 = 1,8425

Trong do6:

a=h,-h4,=28-0,5=27,5

-Theo hinh 10-13 trang 256 TKMbD

Voi  £=1,8425 —y=0,77 ,0=0,9

kr=1+9=1+0,9=1,9

rie—kp*1¢=1,7%0,0356*10°=0,061*10" Q

-Dién trd cua roto khi xét dén hiéu ung mat ngoai voi s=1
2*0,0115

277, 0,61+ 22022 )#104=0,68*10 Q
N 0329

Ie=Tiqe+

-Dién trd roto dd qui ddi
2=y *12:=3389%0,68*10™ =0,23Q

- H¢ s0 tir dan ranh réto khi xét dén hiéu rng mat ngoai vdi s=1:

W U A AN L P
135, §%S . 2%h b42
* 2
[ o FE 66— 1¥0.79+ 0.5
3%56°  8§*137 2%5, 15
=1,776
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- Tong hé s6 tir dan roto khi xét dén hiéu Gmg mit ngoai véi s=1:
o= haethe Tharthm=1,776+2,038+0,612+0,648=5,074
- bién khang roto khi xét dén hiéu img mit ngoai:

2o _ 145074

=0,9505 Q
>4, 5338

b R
X 2§_X 2*

- Tong tré ngan mach khi xét dén hiéu ing mit ngoai:
rn§:r1+r’2§=(),33+O,23=0,56 Q
Xne =X11X2:=0,424+0,0505=1,375 Q

Zoye=r,:" +x,." =40,65" +1,375 =1,48 Q

- Dong dién ngan mach khi xét dén hiéu tmg mit ngoai:
In¢=i=£=l48,15 A
1,485

2. Tham s6 ciia dong co dién khi xét dén hiéu ng miit ngoai va s bio hoa ciia mach tir
tan khi s=1

So bo chon hé s6 bio hoa ky=1,35

-Dong dién ngén mach khki xét dén hiéu ung mat ngoai
Lnbhe=kon*Ine =1,35%148,15=200 A

-Stre tr dong trung binh cua mdt ranh stator

F =0, 7+ —]"”’“Z 1* ok +k, Rk i—l)

200*56

=0,7 *(0,88+0,966*0,925* %)

=3937

Trong do:

u; =56 S6 thanh dan tac dung trong rinh stator

a,=4 S6 mach nhanh song song

kg=0,88 HE s6 tinh dén stc tir dong nho budce ngan 14y theo hinh 10-14 trang 259 TKMD
k,~0,966 hé s6 budc ngan cia diy quan

kg=0,925 Hé sb dau quan

Co=0.64+2.5% |- —0.6ar2.5% | %95 _5o9g3
L+, 118 +1.48

E,, *107 3937*10°"

*1L6*C,*5  1,6%0983%0,05
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Theo hinh 10-15 trang 260 TKMD

Chon: %5=0,5
£ %
A= hy +0,58%h; C, _0,05+0,58*0,4 0.44 0,465
b, C, +1,5%b,, 0,3 0.44+15%0,3

-Heé s tir tan ranh khi xét dén bao hoa mach tir tan
Aetoh=e1-AAipn=1,25-0,465=0,785
-Hé sd tir tan tap stator khi xét dén bao hoa machtur tan:
Aeron=Aa *xs=1,27*0,5=0,635
- Tong hé sb tir tan stator khi xét dén bdo hoa mach tir tan:
To1oh= ArtohtAapntAai=0,785+0,635+1,153=2,573
- Dién khang stator khi xét dén bao hoa mach tir tan:
Xor=X, * ZZLZ' 0,424 %zo,zw Q
Co=(tr-ban)*(1-x5)=(1,48-0,15)*(1-0,5)=0,665

h C.  _005, 0665 49

42 %

b, C,+b, 0I5 0,665+015

Ayobh=

- Hé s tir tan roto khi xét dén bao hoa mach tir tan va higu ing mat ngoai:
Moeph=Moz-Mopn=1,776-0. 272=1,504

- Hé s tr tan tap roto khi xét dén bio hoa mach tir tan:
Aobhi=An*1s=2,308%0,5=1,019

- Hé s6 tir tan do ranh nghién roto khi xét dén bao hoa mach tir tan:
Ambh=Am ¥ 5=0,648%0,5=0,324

- Téng hé s tir tan roto khi xét dén bdo hoa mach tir tan va hiéu ung mat ngoai
p2eph=M2zbh T Abh tAdHAmbn=1,504+1,019+0,612+0,324=3,459

- Pién khang roto khi xét dén hiéu img mat ngoai va bio hoa tir ciia mach tir tan:

2 Ay #3459

=0,65 Q
>4, 5338

b - b
X 2ebh—X ¥

- Cac tham sb ngan mach khi xét dén hiéu Gng mat ngoai va sy bio hoa ctia nach tir tan
Ihe11+1°2£=0,33+0,23=0,56 Q
Xn&bhzx1bh+X’2§bh=0a297+0a65=07947 Q

L= ne + Xuzn =4/0,56> +0,947% =1,1 Q

4. Dong dién khéi dong
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L= Yy =@:200 A
anbh 1’

Tri s6 ndy bang véi tri s6 gia thiét nén khong can tinh lai
5. Boi s6 dong dién khoi dong

o L 200
I, 29

Gia tri nay khong sai khac nhi€u so vdi gia tri chon ban dau
Dién khang h6 cam khi xét dén bao hoa:

XIZnZXIZ*kp=26,565* 1 ,62243,03

X,
Compml 2220 1. 905y 15
Y, 4303
1
I’Zk: & =—200 =197 A
Cron 1015

6. Boi s6 momen khéi dong

I r' 1 2
(2 gm0y D

*0,024=1,73
I, 2514”7 0,196
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CHUONG 9 TiINH TOAN NHIET

Khi lam viéc, may dién ludn sinh ra tén hao, bién thanh nhiét ning va lam ndng cac bd phan
cua may. Khi trang thai nhiét trong may da o6n dinh thi toan bg nhiét thoat ra tr mdy téa ra moi
truong xung quanh nho sy chénh I¢ch nhiét gitta cdc by phén cua may bi dot nong va modi
truong bén ngoai.

Nhi¢m vu cua tinh toan nhiét 1a xac dinh do tang nhiét cia cac by phan trong may dién. Day la
qua trinh phtrc tap vi két cau ctia may dién khac nhau, qua trinh san xuat khac nhau déu anh
huong dén qua trinh tdn nhiét cia may. P ting nhiét phu thudc vao tinh chat vat liéu ma chu
yeu la vat li¢u cach dién, chon d¢ tang nhiét thap chua han la vu diém vi con phai tinh dén viéc
s dung vat liéu c6 hi¢u suat kinh té tot nhat. BJ tdng nnhiét con phu thudc vao ché do lam
viéc cua dong co (nhiét d, d0 4m) va cong ngh¢ ché tao.

Tan nhiét trong may dién thong qua hai hinh thirc: truyén nhiét trong vat ran va tan nhiét nho
buc xa, doi luu.

Giai quyét van dé tan nhiét cho may dién 1a mot viéc quan trong nhat 13 khi thiét ké cho mot
may mdi. Viéc tinh toan nhiét 1i€n quan chat ché€ dén vi¢c lam ngudi may va cuoi cung la xac
dinh do tang nhiét 6 cho phép gitra day quan may dién va moi truong.

bong co dién khong déng bo kiéu kin P44 nay dugc tinh toan nhiét theo so dd thay thé nhiét.
May c6 quat thoi ngoai vo mdy qua cac canh tan nhi¢t, dong thoi c6 gié tuan hoan trong vo
may nho canh quat dit trén vanh ngan mach cua roto long séc. Tam cao may h=160 mm va
chiéu dai lap dat cua vo 1a S.

1. Cac ngudn nhiét trén so do thay thé nhiét bao gom

-Tbn hao trén stato:

Qcui=P110,5*P=766+0,5*82=807

-Tbn hao sit trén stator:

QFe:PFe:323 W

-Tbn hao trén roto:

Qr=Pcn10,5*PP y+PpytPs=372+0,5*82+123+13,7+39=588,7 W
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Hinh 9.1
2. Nhiét tré trén mat 15i sit stator
1 1 1

Rpe=RpegtRogm— ——*(——4 )= L s L, 1y sgr102c/w
Sy @, a, 1196 '0.09 0,128

Trong do6:
Sp,=*D,*l=n*27,2*14=1196 cm’

% -2
ocg=’1Fe 0076128 Wiem?*eC
h 2,35

gl
5,=0,09 W/cm**C

Chon Ap=30%107 theo bang 8-2 trang 170 TKMB
3. Nhiét tré' phin dau ndi diy quin stator

S 1 0,02 1

4

=< 4 = - + =0,198*10 C/W
A %S, a,*S, 016*107*11175 0,104*11175

Ry

Trong do:
8.=0,02 cm (cach dién dau ndi bang bang vai)
Ac=0,16*10-2 W/°C theo bang 8-2 trang 170 TKMD
ag=(1+0,54vx?)*107= (1+0,54*13,82)*107°=0,104 W/cm>°C
Voi:

_x*D*n, _m*18*1464

VR= =13,8
6000 6000
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S=2*7,*Cp*1,=2,48%6%19,4=11175 cm’

O day:

Chu vi cta bdi ddy Cy=d,+d,=2*h,=7,5+9+2*%21,8=6 cm

4. Nhiét tré dac trung cho do chénh léch gitra khong khi néng bén trong may va vé may

Rig= = L —o164°C/W
a*S, 2,59%10° %2358

a

Véi:  a=ao*(1+ko*ve)*107=1,42%107*(1+0,06*13,8)=2,59*10°W/°C*cm’

ap=1,42*10-3 W/°C*em? hé sd tan nhiét & bé mit & moi truong tinh

ko hé sb tinh dén sy hoan hao cua su dich chuyén dong khong khi ¢ bé mit phan dau nbi day
quén ky=0,05+0,07 chon k,=0,06

S’q: dién tich bé mit bén trong vo may, bao gom nhing phan khong tiép xtc véi bé mit stato
va nip mdy, chon chiéu dai vo may L bang hai lan 15i sat stato:

L=2*];=2*14=28 cm

% T Dn2*

S’ =n*D,*L+2 -t*11*D,

2%
—*07 2% 42 27%% T*14%27.2
=2358 cm”
5. Nhiét tré bé mit ngoai vé may
1
a, *S +a' *S' +a" *S"

1
- 0,01%9760+9,1 %10 *1865+1,42*10° *1865
=8,53*10° C/W
O day:

c a, b 1,5 0,0366 0,3

% _ 3 + b E3 3 _ 6

= + — =2,
£ b+c ',2,006 b+c 03+15 52%107° 0,3+1,5

o=’ *K,=2,006%5,2%10-3=0,01C/W

Trong do:

o’ =3,6*d "y, ¥ 107=3,6%0,018“**10,43%%*10=5,2*10" W/cm?*°C
Voi:

d=1,8 cm duong kinh twong duong

vy: toe do gi6 thoi mit ngoai vo may da tinh dén suy giam 50% theo chiéu  dai gan tan nhiét.
Duong kinh ngoai canh quat lay bang D,
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v,=0 5*—7[*D” *n -0 S*M
YT 6000 6000
ch:B*}\,*th(B*h)zo’93*4*lo—z*th(o’g:), *2,5)20,0366W/Cm2°(:

O nap sau toc do gio cta canh quat khong bi suy gidm nén hé so tan nhiét trén nap c6 gié thoi
bang:

o’ =3,6*d v 107%=3,6%0,018**(2%19,43)"**10%=9,1*10°W/cm?°C
Hé s6 tan nhiét trén nip khong c6 gi6 thay doi:

o’ =0p=1,42%10" W/cm?*°C

=10,43 m/s

2

Chiéu cao canh h=2,5cm khoang cach trung binh giita cac gan ¢=1,5 cm chiéu day gan b=0,3
cm dugc xac dinh khi thiét ké may

b

' +
2
Dién tich vé may ké ca gin tan nhiét:
Sv=[n*(Dyi+2*q)-ng*b+n,*(2*h+b)]*L
=[n*(27,2+2%0,5)-52*0,3+52*(2%2,5+0,3)]
=9760 cm’
Véing: sO gan tan nhiét
_z*(Dn+2%a) _7*(27.2+2*0.5)
b+c 0,3+1,5

i =52,7

Chon ng=52 gan
Dién tich nap may trudc va sau:

x*(D, +2*a)’

S’ =8”,= +In*(D, +2*a)* 7

_r*(27,2+2%*0,5)2

+14*(27,2+2*%0,5)* 7

4

=1865 cm’

6. Nhiét tré trén 16p cach dién ranh
o 0,03

C

+0,00465°C/W

C

T4 *S. 016710 %4032
Trong do:
S=7,*Cy*1,=48*6*14=4032 cm?’ dién tich truyén nhiét cua 16p céach dién
A=0,16*10-2 W/°C*cm
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8.=0,03 cm d6 day cach dién ranh
7. Do chénh nhiét ctia vé may véi moi trueomg
06=(Qcu1tQreQr)*R=(807+323+589)*8,53*10.3=14,66°C

8. P§ ting nhiét ciia diy quén stato

chl >l:(RFE +Rc) +PF€*RF€+PR *R'Q*M
6, = R, +R',
R,+R',
% -2
807*(2305*1072)4'323*1,58*1072 +589*16’4*1072 *M
- 16,6*10
2,05*%1072
+ =
16,6 *10
=43,68 °C/W
O day:

Rpe TR=1,58*107+0,465%107=2,05%10% C/W
R4s+R’,=0,198*10°+16,4*102=16,6*102 C/W
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CHUONG 10. TINH TOAN THONG GIO VA LAM NGUOI

Pén nay trir mot s6 trudng hop dic biét, hau hét cac may dién hién dai déu c6 hé sd st dung
vat liéu cao, nghia 1a tan dung triét dé vé phuong dién tai dién tr A va B do d6 nhiét lugng do
t6n hao toa ra trén don vi dién tich bé mit ciia may rat 1on. Nhu vy ciing vé6i viée nang cao tai
dién tir can phai tinh cuong 1am ngudi may mot cach hiéu qua.

Phuong phap lam ngudi may dién chu yéu 13 tao nén sy ddi luu ctia moi trudng 1am ngudi. Moi
truong lam ngudi co thé 1a moi trudng khi: (khong khi, hidrd), c6 thé 1a moi trudong long: dau
bién 4p, nudc. Trong chuong nay chii yéu nghién ctru van dé thong gio bang khong khi.

Lam ngudi bang khong khi duoc phan 1am bén loai sau:

- Lam nguéi ty nhién (mdy c6 cong suit nhd hon 1kW)

- Thong gio trén bé mat vat liéu tac dung bﬁng quat dac trén truc may.
- Thong gié trén mat ngoai vo may bang quat dic trén truc mdy.

- Thong gié bang phuong tién bén ngoai (quat, bom khi hay chat long). Phuong phap nay con
got la thong gi6 cudng burc, 6 uu diém gitr duoc nguyén cuong do 1am ngudi & moi toe do cia
roto ké ca khi roto ding yén.

I. Hé thong thong gié

Hé thong thong gi6 co thé 13 mot két cAu tao nén chu trinh hé hodc kin. O truong hop thir nhét,
khong khi nguéi duoc thdi vao may qua be mat by phan noéng va mang nhi¢t ra moi truong
xung quanh. O trudng hop thir hai, chi can mot lugng khi 1am ngudi chuyen dong theo chu
trinh kin. Sau khi di qua mdy, khi bj d6t néng duoc dua ra noi 1lam ngudi rdi lai quay trd lai
may.

Tuy theo tac dung, quat dét trén truc dugc chia lam hai loai: quat nén va quat hut.

Uu diém cta quat hit so vOi quat nén la ludng khéng khi di qua may khong bi dbt nong trude
do co sat véi canh quat. Can cht y rang khi qua canh quat khong khi c6 thé bi nong 1én khoang
3 + 7°C, diéu d6 bat budc phai ting lugng khong khi tir 15 <20 % mot cach vo ich diéu d6 dan
dén ton hao vi thong gio.

Dé tang cuong hiu qua lam ngudi cua ludng khong khi, thudng st dung cac kiéu hé thong
thong gi0 sau:

- Hé thong thong gi6 hudng kinh.

- Hé thong thong gié hudng truc.

- Hé théng thong gié hén hop(vira huéng kinh vira hudng truc).
M&i hé théng déu cé wu nhuge diém cia né.

- Hé thong thong gié huéng kinh ¢6 uu diém 1am ting dién tich téa nhiét, lam ngudi déu theo
chiéu dai may va giam d6 chic chin cua 161 thep vi su bién dang cua cac thép 14 thép. Néu xay
ra x€ dich trong céc thep 14 thép s& cit dirc cach dién ranh giy nén cham vo day quan. Vé mit
khi dong luc, phai tén thém apsuat cho luong khi d6i phuong dot ngdt (90°) khi vao rinh thong
gi6 huéng kinh, ton hao quat gi6 va ton hao phu ting Ién v. v...Ngoai ra, viéc lap rap 16i sat
cling phtrc tap hon vi phai dam bao ranh thong gié ¢ 161 sit stato va roto hoan toan ddi nhau.
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Hé thong thong gi6 hudng tryc ¢ uu diém 1 it ton hao 4p suét khi, toa nhiét nhiéu theo chicu
dai qua bé mit cac 6ng thong gi6 hudng truc xuyén qua 161 thep, dac biét la tac dung chuyén
dong xody doc truc cua ludng khong khi. Nhuoc diém cua hé théng nay 13 khé tmg dung & loai
may dai, dac bi¢t nhirng may cd6 kich thudc gong 16m, cd dd chénh I¢ch nhiét do 16m theo chiéu
cao gong, boi vi kho 1am ngudi theo chiéu dai cua may.

H¢ thong thong gio trén mat ngoai vo may dugc dung ¢ loai may kiéu kin IP44 tr¢ 1én, kiéu
chéng nd, dung trong him mé, nhitng noi bui bam, c¢6 khi n6 hodc hoa chit pha hoai cach di¢n
V. V.. .0 loai may nay bé mit ngoai cia vo may 1a bé mat tan nhiét chinh cho nén can co két
cau thich hop dé ting dién tich tin nhiét nhu canh tan nhiét, ng hudng truc dan khong khi
xuyén qua than may...

Tinh toan thong gi6 cudi cung quy vé viéc chon két cau may(ki€u bao vé)va h¢ thong thong
gi0, chon chat lam ngudi sau d6 giai cac bai toan co ban sau:

- Kiém tra lai hé thong thong gi6
- Chon két cau quat gi6 thich hop véi lugng khong khi di cho tmg v6idd ting nhiét quy dinh.

- Xac dinh sy phan bd hiéu qua nhat caa chat 1am ngudi trén hé thong lam ngudi sao cho thoat
dugc nhiét tot nhat véi ton hao trén quat it nhat.

- Xac dinh tén hao ap sut it nhat trén dudng di bang cach 1am cho hé théng thong gid c6 dang
tot nhat vé mat khi dong hoc.

- Thiét ké quat c6 hiéu suat va do tin cdy cao vé mit co khi.

II. Tinh toan thong gio

Bai toan vé thong gié phai giai quyét hai van dé sau:

- X4c dinh luong khong khi Q can thiét thdi qua may, m’/s

- Xac dinh 4p suat H dam bao dwa luong khi hé théng thong gio, kg/m?
1. Xac dinh hrgng khong khi can thiét

Luong khong khi dua qua may phai du dé dua nhiét lugng trong may thoat ra ngoai va dam bao
do chénh nhiét cua day quan ¢ mirc d6 cho phép. Néu luong khong khi qua nhiéu s& 1am
tingedng sudt quat mot cach vo ich, ton hao vi thong gio s€ tang va hiéu suat cla may giam.
Thong thuong do dong khong khi qua may mang hau hét nhiét luong do ton hao trong may
sinh ra, vi vay luong khong khi d6 dugc tinh theo cong thirc sau:

_ P
QC*AH

Trong do6:

>p téng ton hao ctia may

Cy =1100 (J/m>°C) nhiét dung ctia khong khi

AB=06,-6, d6 tang nhiét cua khong khi

0,0, nhiét do khong khi nong ra khoi may va nhi¢t do khong khi ngudi vao may

Thudng ldy A0, =20°C d6i voi may cach dién cip A,E,B va c6 thé dén 30°C db6i voi may dién
cap F,H. Dbi voi may thay dién hay nhiét dién 1dy A0,=25°C
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III. Tinh toan quat gio

Nhiém vu cta quat gié & may dién 13 tao ra mot ap suat da 16n dé dua dong khi can thiét qua hé
thong thong gi6 cua may.

Céu tao ciia quat phu thudc vao may dién nén khi thiét ké quat phai luu y dic diém sau:

- Tdc d6 quay cua quat duoc xac dinh trude boi toe do quay cuia may.

- Kich thuéc quat va kiéu himg gié vao mdy ciing bi giéi han bai két cAu cua may.

- Nhitng dai luong co ban nhu Q va H ma quat phai dam bao phu thudc vao déc tinh cua 6ng
dan khi trong hé thong thong gi6 da chon.

- Vén @& hiéu suat ctia quat va tiéng on clia quat cling c¢6 y nghia quan trong.

C6 ba loai quat dién dung trong may dién: quat ly tdm, quat hudng truc va quat hén hop ly tAm
va huéng truc, nhung thong dung nhét van 1a quat ly tim.

1. Pic diém ciaa quat ly tim

O quat ly tim khi canh quat quay, khong khi & khe gitta cac canh quat bi ddy ra ngoai dudi tac
dung cua lyc ly tam, do d6 & vung vong trong cua cadnh quat noi 10 gié vao tao thanh vung
khong khi loang con vung ngoai canh quat noi gio thoat ra cd ap suat cao.

Quat ly tdm duoc dung nhiéu trong may dién vi tao dugc ap sut khi cao phu hop véi dic tinh
thong gi6 trong may dién. Nhugc diém co ban ctia n6 1a hi¢u suat thap (quat ly tam canh hudng
kinh c6 hiéu suat n = 0,2, trong khi quat hudng truc c6 hi€u suat n = 0,8).

Tuy theo téc do quay va yéu ciu vé doi chiéu quay trong mdy dién, c6 thé dung ba loai quat ly
tam chinh sau:

- O may ddi chiéu quay canh d6i huéng truc

- O may quay cham, khong d6i chiéu quay: dau ngoai cua canh quat uon cong thuan chiéu quay
cua canh quat.

- O méay quay nhanh, khong d6i chiéu quay: dau ngoai cua canh quat udn cong ngugc chiéu
quay cua canh quat.

2. Pac tinh cia quat ly tam

Dic tinh cua quat 14 mbi quan hé gidia 4p suét tinh H va quat tao ra voi lugng khong khi tiu

hao Q. O quat ly tam dac tinh do dugc biéu thi trong hinh dic tinh quat ly tdm, trong d6 can
chuy dén hai diém lam viéc dic trung sau:

- Piém khéng tai cia quat tng v4i ché d6 1am viéc khi tao ra 4p sut tinh HO va khong co
lwong khong khi tiéu hao(Q = 0). D6 1a diém tmng véi H = H/Hy va Q" = Q/Qypax = 0.

- Piém tiéu hao cuc dai Q = Quux khi ap sudt H = 0. O diém nay H" =0 va Q" = 1 va goi la
diém ngdn mach. Ché 46 Khong tai cta quat xay ra trong thuc té khi ta bit kin cac 16 & phia
dudng kinh ngoai ctia vong quat. Luc nay, khong khi ndm giita cac canh quat (trong vong quat)
dudi tac dung cia luc ly tim s& nén 1én vong ngodi clia quat véi mot ap suat Hy. Luong khong
khi di qua quat Q = 0. Ché d6 ngan mach xay ra khi khong c6 trd luc khi dong luc bén ngoai,
nghia 1a khi quat tiép xtic truc tiép v&i moi truong bén ngoai .

1. Xac dinh lwong khong khi cin thiét Q
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Luong khong khi qua may phat phai du gitr nhiét d6 dau quan & nhiét do cho phép, giit cong
suat quat & mirc qui dinh tranh ton hao gay ra do thong gié:

%
sz 2P _ 1*719 =0,052 m’/s
¢, *AG,  1100%30
Trong do:

f=1 h¢ s6 xét dén ton hao khi

Cy nhiét dung riéng cta khong khi ¢,=1100 J/m’*°C

ABy d0 tang nhiét cuia khong khi

O,r, 0, nhi¢t do kh}(éng khi n(’n?g di ra khoi may va nhiét do khong khi ngudi vao may. Thuong
lay A6, =30°C doi véi may cap F

2. Luwgng khong khi tiéu hao cuc dai

Quax=2%Q=2%0,052=0,104 m’/s

3. Tinh todan quatly tim

Chon quat ly tam huong kinh canh thang phu hgp cho dong co hoat dong binh thuong va khi
doi chiéu.

Duong kinh ngoai canh quat

D»=Dy=27,2 cm

Hiéu suit cao nhét cta canh quat:

Theo ly thuyét tinh toan va thuc nghiém ddi voi quat ly tam hi¢u suét cuc dai la:
Nmax=Q/Qumax=0,5

Tiét dién ma khong khi di qua tai dudng kinh ngoai cia canh quat:

S¢&= O __ 0104 =118,8 cm’
0,42*v,  0,42%20,85

Trong doé: v, toc dJ dai cua veac diém trén vong ngoai cua canh quat:

Vo= Z*D #p =" %27 2%1464*1072 = 20,85 m/s
60 ¥ " 60

Chiéu rong doc truc ctia canh quat:
S, 118,8

b4: = =1.511 cm
092*7*D,, 092*7*27,2

Duong kinh trong ctia canh quat:
Tré luc khong khi tai chd gi6 vao Z,

& 61%107°
S,?  0,00785°

1= =989,9Kgs> / m®

Trong do:
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£,=61*107 kgs*/m" hé sb tro luc tai chd gio vao
S$,=0,00785 m” tiét dién cua céac 16 thong gid

dong hoc cua gié 6 mat trong chao chup quat Z,

2 % -3
= 52 = 7,510 =247 9Kgs’ /m®
S, 0,00552
Trong do6:

£,=7,5%10-3kgs*/m"*

D,=0,35 m duong kimh chao chup quat

L.=0,005 m chiéu dai chao chup quat

S =n*dc*11=n*0,3*0,005=0,0055 m3

Tré luc dong hoc tinh dén ma sét gitra mit trong cua chao chup quat va vo may:

£ 127%10°

7y=>—=—————=10522 kgs*/m®
S3  (1,207*107°)°
Trong do6:
% %
5_5 Lajgs =2 001*103_127>'<10*3 kgs’/m*

39,2
1=0,01 m chiéu dai phan gan giita chao chup va vo may
d= 2%a*h  2*%20%9425

= =39,2 mm
a+b 20+942,5

* J2 * 2
S3=”4d _r 349’2 *10° =1,207*10” m?

Trd lyc dong hoc gitra chao chup va vé may Z,:

* -3
o 30710~ _1972,4kgs/m?®
S, 0,0039

Trong do:
£=30*10" kgs’/m’
S, dién tich vanh khan gitra chao va vé may
S4=S.-S,=0,0804-0,0765=0,0039 m*
z*d.’  7*0,32°

Vi S.= == 2% 20,0804 m’
4 4
* g2 * 2
szﬂ d, _z 0,312 0,076 m?
4 4
Voi: d,=D,+2*a=272+2*2=31,2 cm

Trd luc cua ca hé thong bé mat:
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7=7\+7,=75+7,4=899,9+247,9+1052,2+1972,3=4172 kgs*/m"
Ap suat can thiét ma quat gi6 can dam bao:

H =7*Q,=4,72*0,0522=11,28 kg/m*

Ap suét tinh cua quat luc khong tai:

HO=i _1128 15,04 kg/m’
0,75 0,75

Toc do dai cua cac diém trén vong trong cua canh quat:

H * *
U1=\/U12 -8 :\/20,852 S0AOBL_ 1515 s

6*1

b 2

Tong do:

M0=0,6 hiéu suit khi dong cua canh quat lic khong tai d6i véi quat hudng kinh
G=9,81 m/s2 gia toc trong truong

1=1,2 kg/m3 trong lugng riéng cua khong khi

Puong kinh trong ctia canh quat:

% %
qu: 60000 *v, _ 60000 *15,5 ~20.2 om
7*n T *1464
D,, 27,2

D 20,2

D= =1,35 nam trong khoang 1,2+1,5

lq
Vay quat thiét ké day yéu cau
4. Chiéu cao canh quat

_Dy, =Dy, _27,2-202 _

h
d 2 2

3,5 cm

5. S6 canh quat

bé dam bao chac chan vé co thuong chon chiéu cao ctia canh quat banh khoang céach trung
binh gitra cac canh quat:

D2q +D]q =72_* 27,2+20’2 _

N=rx* =
-D 27,2-20,2

21,3

20 g
Pé giam tiéng kéu cta quat s6 canh quat nén 1 s6 nguyén to:
Theo bang 7-1 trang 163TKMD

Chon N.=23

6. Kich thudc quat

Chiéu cao trung binh canh quat:

B=b,-(5+12)=16,8-(5+12)

Chon: b=10
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B¢ day trung binh ciia canh quat:
b~=(3+9) mm

Chon: b.=5mm

7. Cong suét quat P,

_981*H*Q 9,81*11,28*0,052

P
d 7. 1,18

=31,96
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CHUONG 11. TINH TOAN CO

Thiét ké két cau 1a mot phan quan trong trong toan bo thiét ké may dién. Cin cr vao trang thai
1am viéc cia may dé thiét ké ra mot két cau thich hop tir d6 tinh toan co.

Nguyén tic chung dé thiét ké két caula:

-bam bao d6 tin cay luc van hanh may.

-B4o dudng may thuan tién.

-Dam bao ché tao don gianm, gia thanh thap.

-Nhiém vu tinh toan co bao gém: tinh toan truc, tinh toan strc bén cua truc, chon 6 bi, chon v
may, chon moc treo, chon chao chyp quat va nap may.

I. Tinh toan truc

Ngoai vi€c phai chiu toan b trong lugng cua réto ra, truc con chiu momen X04n va momen
udn trong qua trinh dong tai (banh rang, curoa...). Truc con chiu lyc hudng truc, thuong 1a luc
kéo nhu ¢ cac may kiéu truc dimg. Ngoai nhimg tai trén con phai chu y dén lyc tir mot phia do
khe hé sinh ra. Cudi cung truc con phai chiu Iyc do can bang dong khong tot giy nén, nhit 1a
khi qua toc do gidi han.

Mudn thiét ké mot truc can phai dam bao ba yéu cau co ban sau:

- Phai c6 da d6 bén & tt ca cac tiét dién cua truc khi may lam vigc, ké ca lac co su c¢d ngén
mach.

- Phai ¢6 du d6 ctmg dé tranh sinh ra d6 vong qué 16n lam cham réto véi stato.

- Tbc @6 g161 han cua truc phai khac nhiéu véi toe do lac may lam vi¢c binh thuong.

Khi tinh toan truc phai tinh & ché d6 1am viéc x4u nhat.

Puong kinh truc ¢ chd dic 161 sat di voi may 1+ 250 kW c6 thé chon gan dung theo cong thirc
sau:

d = 0,25*D d6i véi may c6 mot chiéu va dong bd
d = 0,3*D d6i voi may khong dong bo.

Tong d6 D la duong kinh ngoai réto.

Truc duoc ché tao bang thép tot, s6 40 hay 45.

Pbi v6i cac duong kinh dén 100 mm thi ding phéi lidu 13 thép can, con ciia may 16n thi duoc
ché tao bang thép rén c6 hinh dang twong tmg véi truc thuc, ¢6 du luong dé gia cong. Trén truc
may thudng c6 nhiéu bac ddi v6i may dién hién dai c6 duong kinh dén 100 mm thudng thiét ké
duong kinh cac bac thang ké nhau khac nhau rat it va cd ging cang it bac cang tot dé ting
cuong sic bén cua truc va tinh kinh té lic gia cong. Trong lugng truc lac d6 tuy c6 tang nhung
khong dang ké vi truc chi chiém tir 6 — 10 % trong luong ctiia may. D6i véi may co truc dudng
kinh 16n do 1am bang thép rén nén thiét ké cac bac thang theo sirc bén va do ctng cia timg bAc.

Trén truc may thuong cé then. Bé rong cua then chon theo bé rong cua then ¢ phﬁn dau truc
may va dugc tiéu chuan hoa. O dau truc cé 16 tdm. Khi chon kich thudce tiéu chuan cia 16 tim
phai chon 16n hon mdt cap vi trong may dién khong nhiing 16 tdm dung dé gia cong truc ma
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con dé gia cong nhing chi tiét lap trén truc nhutién dudong kinh ngoai 18i sit roto, vanh doi
chiéu...

Déi véi truc co6 dudng ép 161 sit nhé hon 50 mm thi c¢6 thé khong dung thendé cb dinh 15i sit
ma dung phuong phép lam nham.

I1. Chon kich thwéce truc
a) Duong kinh truc
D=0,3*D’=0,3*17,9=5,37 cm

D’:Puong kinh ngoai réto

b) Hinh dang truc

X;=8 mm y;=10 mm 7;=25 mm
X,=28 mm  y,=35 mm 7,=60 mm
x3= 65 mm y;=40 mm 7;=70 mm
c= 80 mm

a=145mm  b=120 mm

l=a+b= 145+120= 265 mm

L =360 mm

2. Kiém tra dd bén truc

a) Trong luwgng truc

G=0,3*D,,**1,=0,3*1792*140%10°=28.3 kg

D,;:Puodng kinh 161 st roto

l:chiéu dai 15i sit roto

b) Do vong giira truc do trong lwgng sinh ra
G

fo= oy *(S,%a’ +8,*b*)

Trong do:
E=2,1*10° kg/cm® modun dan hoi cta thép

3 3.3 3 3
_X X2 =X X3 —X2

a

Jl J2 J3
3 3 3 3 3

Sb:y_1+y2 A +)’3 e

Jl 1 le J3 1

7 T *d i4 <\ , ’ 5 < A A o 1 A

Vo1 J= la momen quan tinh cua ti€t di¢n & cac bac thang
Chon tiét dién d; tiétdien  d;  tiétdien  d
la 16 1b 30 Ic 16
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2a 22 2b 34 2¢c 20
3a 26 3b 38 3c 24
4a 30

%, 4 *164
1= T 17 mm

64 64

%7 4 %4
5= P22 500 mm?

64 64

r*d.'  7*30° 4
J= = =39760 mm

64 64

_ & +283—83+653—283_
3217 11500 39760 ’

3 3 3 3 3
_ 10 Jr35 10 +40 35 — 0.8699
3976 65597 102354

s 7*30*

a

Sy

Ji ~39760 mm*

_ r*34°

1= =65597 mm*

s 7*38*

Js ~102354 mm*

_ 283
3*%21%10° *26

G 5 *(0,8699*145% +8,38*120%) =8,8889 mm

¢) Momen can cua tai
97500* P,,  97500*15
M, 1464

M, = =9,99 kg*cm

d) Lwe sinh ra do mémen can cuia tii P
p=ior M — 1 84999 _ 999 71g
R 6
R= 6cm bén kinh banh rang
K: hé s truyén dong thong thuong dong co nho chon k= 1,8
E: 6 vong cua tai
P

b= s IS5, ~Sh) *a+ b,

Trong do:

S_le Y,” +1/32—1/22 10° 35710 40> -35°
(8]

=Ly = + + =0,02333
Jy T J'y 39760 65597 102354
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B 299,7
P %107 %2657
=0,729*10°

f) Po 1éch chuyén do dd vong e,

e, = 0,18 + g+ fp = 0,1*0,5 + 8,8879*10° + 0,729*10° = 50,0096* 10~ mm

g) Luc tir & mot phia

=

[(1,5%265%0,02333-0,8699) *8,38 +120*8,38

Luc tir & mot phia do c6 do I¢ch tam ban du sinh ra.

3*D, *[ *] *
Qo= 2 P LTl _3uy75gu149% L0009

=7532k; = 75,32 kecm
1) 0,5 smm 8

h) D¢ vong do lyc tir myt phia

£ = fo*0O, 88889*107°*7532
0= =

=2,366*10" mm
G 28,3

i) P vong do lie tir mdt phia sinh ra lic 6n dinh

* -3
fy= Lo = Jo 2366707, 4g35k107
L Tem | 2366%10

e, 50,0096 *10°°

j) Tong cac @ vong
f=f+f, + fyr = 8,8889*10°° + 5%0,729*10° + 2,4835%10" = 2493*10° mm
ta co: £ 10% = 0,1*0,5 = 0,05mm = 50000* 10" mm

k) Téc dd gi6i han ciia dong co

2366
50,0096
8.8889*10°°

=98,214 vong/phut

70%ng, = 68750)) ng, = 1500 v/p = dong co khong bi rung khi xay ra cong huong.
m/ Piéu kién bén cua truc:
Poan c 1a doan c¢6 kha ning giy trude tién khi co sy cb.

Ung xuat do mémen udn.

MM
Oy =

w
M, = k*I*p

k=213 hé sd tai

W = 0,1*d’ mémen khang udn.
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- Ung xuat do mémen xoan:
a*k*M,
o= —-—%
w
Voi:
o: h¢ s ti I¢ gilia tng xuat udn va g xuat xoan doi voi dong co co thé thay doi chiéu quay o
=0,8

c=+4o’+0,’ 2%*\/1\4”2 +(@*k*M, )
- Tai tiét dién 1c:

M, = 2*25%299,7 = 14985 kgmm

W =0,1*(16 — 0,5)° = 372,4mm’

c= 3712 2 *\/149852 +(0,8%2%9990)* = 58,834kg / mm’

Tai tiét dién 2c:
M,= 2%60%299,7 = 35964 kgmm
W = 0,1%(20-0,5)’= 741,5 mm’

1 %
741,5

359647 +(0,8%2%9990)* =53,07kg / mm’

Tai tiét dién 3c:
M, = 2*70%299 ,7 = 41958 kgmm
W =0,1*%(24-0,5)’ = 1297,8 mm’

1
1297,8

*[41958 + (0,8%2%9990)° = 34,6kg / mm”

3. Tinh toan géi truc & bi

Twr phu luc XII trang 650 TKMBD.

Ta chon loai ¢ bi trung binh ki hi¢u 305.

Puong kinh trong d = 25 mm.

Duong kinh ngoai D = 62 mm

B¢ day B =17 mm

Bén kinh trong 6 mép r =2 mm

Hé s kha niang lam viéc C = 27000

Tdc do gidi han ng, = 10000 v/p

b) Phan lwe 16n nhét tai 6 bi mang puly truyén dong

Ry = %*a+p*fzw*145+299,7*&: 90,7
l l 265 265
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¢) Tai ding tri & 6 bi d& truc ngang truyén dong
Q = (kg + m*A)*k,=90,7 + 1,5*%0,1*¥90,7)*1,5 = 156,45
Trong do:

m: hé s qui ddi tai hudng truc vé tai hudng kinh.
Laym=1,5

k.= 1,5 hé s6 xét dén dic tinh tai khi co thay doi it.
A =0,1*Rg Téai hudng truc

D: Tuoi tho 0 bi.

C = Q*(ndb*h)™?

H: tudi tho cua 6 bi

N: tbc do dinh mirc (v/p)

C: hang s6 nang lyc lam viéc cta 6 bi

Q: tai dang tri

h=LaCyon 2L 4270000055 19547
n, Q 1464 156,45

Tudi tho thudng lay
h=>(1,5+20)*10° gid

— Két qua chép nhan duoc
4. Chgn v0 may

V6 may 1a két ciu co ban cia dong co, viéc chon két cAu vo may phai phu hop véi yéu cau
truyén nhiét va thong gid. Ngoai ra, con du do cing va du do bén khi 1am viéc cling nhu khi gia
cong may. Poi véi dong co khong dong bo diéu nay rat quan trong vi khe ho khong khi cua
dong co nhé nén mot sb bién dang nhé ctia vé may ciing khién cho réto va stato va cham nhau.

Do cing va do bén ciia vo may kho tinh chinh xac, thuong phai dya vao kinh nghiém dé thiét
keé.

Vi dong co thiét ké, ta chon loai vo dac gang,vi gia thanh ré va cing théa man vé d6 clng va
d6 bén, dong thoi gang ciing vu diém nhat vé giam xung.

Vo6 khong co gn trong chi c6 gan ngoai vi dong co thude kiéu kin, lam mat bang gi6 thoi mat
ngoai. Lung cua 161 sit stato ¢p sat vao mat trong cua vo va truyen nhiét truc tlep 1én vo may,
v6 may 1am nhiéu gin va duoc thiét ké dai ra dé ting dién tich tan nhiét.

Vi dong co kiéu kin nén can 1ap ghép giita vo va 13i sat stato phai that khit bang cach ldp ghép
trung gian.

5. Chgn nap may
Tac dung ctia ndp may la bao vé day quan ,ngoai ra ndé con c6 tac dung do 6 truc

Theo kinh nghiém thiét ké, d6i vai dong co trung binh va nho, bé day nap dugc chon la 5 cm,
nap diic bang gang. Vi dong co 1a kiéu kin 1am mat bang gié mit ngoai nén nap khong nhing
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c6 10 thong gid ma con cd thém céc canh quat tan nhiét. Nap trudc va nap sau nhu nhau. Trén
nap may thiét ké ba cai vau cap trén may deé tién khi gia cong

6. Kich thuwéc tong quat va chin dé ciia may theo phu luc I trang 598 (TKMD)
Voi:
h=160mm T

bip =254mm J % [ [ %

110 =210mm
131 =108mm L ]

dio=15mm
7. Chon moc treo

Pé tién cho viéc van chuyén dong co, trén vo may cd lép mot méc treo. Can cur vao trong
luong dong co va tiéu chuan I'OCT 4751-60, phuy luc XI trang 646 TKMD

Ta chon loai méc treo c6 ren M8 voi cac kich thudc sau:

Hinh 11.2
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CHUONG 12. TRONG LUQNG VAT LIEU TAC DUNG VA CHI TIEU SU DUNG
1. Trong lwgng thép silic can chuén bi
Gre = (Dy + AY*1 ¥k ¥y * 107 = (27,2 + 0,5)% *14%0,95%7,8%10° = 79,6 kg
2. Trong lwong dong ciia diy quén stato
- Khi khong tinh cach dién.
G’ew = Z1*up *n¥s ¥l ¥y, * 107 = 48*56%1%1,368%33,4%8,9%10” = 10,93 kg
- Khi ké ca cach dién
G, =[0,876 + 0,124*(‘;—65)2 *G o

~[0,876 + 0,124*(%)2 1¥10,93

=11,11 kg

3. Trong lwong nhom réto (khong ké canh quat & vanh ngin mach)
Trong lugng nhom & thanh dan.

Gra = Zo*Sta*1*y, %107 = 38%137%14%2,6%10 = 1,895 kg

Trong lugng nhém & vanh ngan mach.

G, = 2*1*D,*Sv*y,*10” = 2*1*14,82%518,8*2,6%10” = 1,256 kg
Trong luong nhom & roto.

Ga1=Grg + Gy, =1,895+ 1,256 = 3,151 kg

Chi tiéu kinh té vé vat liéu tac dung.

- Thép ki thuat dién:

gre = £ 2 0 _ 5 037 kg/kw
p 5

- Béng

g = Yo ML 6 oa) Kok
p 15

- Nhom:

G
gai= —4 =% =0,21 kg/kw
p

Déi véi vat lidu k§ thuat nhu ddng, nhém, sit kha dit tién nén can thiét phai chinh xac. Riéng
gang 1a vat liéu ché tao vo, nép, chao chyp thuong c6 hinh dang kha phtic tap nén tinh kho
khin. Do d6 khi di vao san sut, nguoi ta ché tao thir mot cai rdi dem duc va can thir do chinh
xac cao va don gian.

PHAN II1
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TIET KIEM NANG LUQNG DPIEN BANG CACH PIEU KHIEN HE SO CONG SUAT

Cac dong co khong ddng bo roto 1dng séc nhur quat gid, may hut byi, may khoan. Theo sy phat

trién ctia khoa hoc cong nghé, dong co khong dong bo phat trién manh mé. Da sd céac dong co
thuong lam viéc khong phai lic nao ciing day tai ma hé sé cong suat ciing nhu hiéu suét cia
dong co chi c6 gia tri cao khi dong co hoat dong day tai. Chinh vi viy nhimmg lic hoat dong
khong tai hay non tai, h¢ sO cong suét thép, lam anh huong ludi dién cung cap va ton hao cong
suat phan khang nhiéu. Nhu vay van de dat ra 1a lam sao dé dam bao dong co luén hoat dong &
hé s6 cong suat cao. D6 1a mong mudn rat 16n cua cac xi nghiép cong nghiép dé tiét kiém niang
luong dién.

Trong thoi ky dién khi hoa theo sau den dién, dong co khong dong bd co su pho bién rong 16n
trong do1 song x& hoi hién dai. Nguoi ta khai thac triét dé kha nang on dinh toc d6 va momen
theo su thay c‘1‘01 tai va dién ap. O tai nhe hiéu suét cua dong co thap, trudc cac phat minh ky
thuat dién tir, ton hao nay thyc té khong thé 1am giam xudng.

DPong co day tai tiéu thy dong dién gan nhu dong pha véi dién ap, hé s6 cong suat luc d6 duoc
bao toan, ning sudt van hanh cta dong co dat t6i wu. Nhung khi tai nhe tinh huong nay hoan
toan khac, luc nay co thé thiy sy 1éch pha gitra dong va ap, lam cho h¢ s6 cong suat thap, bién
d6 dong tiéu thu ¢ muc cao, dicu nay lam ton hao I'R rat 16n trong dong co va duong day, tuy
nhién diéu kién pha duoc bao toan. Tat nhién tinh hudng nhu vay, bién d¢ dong giam xudng de
chi can cung cip momen can thiét cho tai nhe. Theo ting diéu kién, mang tai mong mudn t6t
hon, viéc khoi dong bang cam bién hé s6 cong sudt cua tai cung cap dong co va sau d6 thay d6i
tham s6 van hanh dé thay d6i quan hé pha. Rat may, chi can giam dién ap dat dé cai thién diéu
kién pha khi dong co nhe tai. Thuc té, diéu nay dugc thuc hién mgt cach ty dong lam cho dong
co ludn van hanh & hé s6 cong suit cao (dong va ap gan nhu ddng pha ¢ moi diéu kién tai).
1.Piéu Khién Hé S6 Cong Suat- Mach Chi Tiét Co Ban.

So dd co ban dugc su dung dé thyuc hién diéu chinh hé sd cong suét duoc trinh bay trong hinh
1
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| o With power
factor correction

(b)

Va

N = -
X Vo=Vin/(1-To/T)
Q Dy
— o in
R
T T
I s
il
Ton Ton
©
Hinh 1

Pau tién mach cho phép dién 4p giam xubng zero sau bo chinh luu cdu & song sin ngd di qua
diém zero. DOng ngd vao chay lién tuc va c6 dang hinh sin, tranh xung dong d6 rong hep. Két
qua dién ap ban hinh sin s& diéu khién mot bo bién doi khuéch dai ché do lién tuc.

Nhiém vu dau tién ctia mach diéu khién hé sé cong suat 1a sir dung bod bién ddi khuéch dai dé
chuyén ap ngd vao thay doi 1én va xudng theo ban hinh sin thanh dién ap khong doi, duge diéu
chinh dién 4p DC kha t6t hon murc nao d6 so voi dinh song sin ngd vao.Thuc hién diéu nay
béng cach st dung bo khuéch dai ché d6 dan lién tuc theo cch sau day.

B6 khuéch dai nay khuéch dai mot dién ap thap thanh mot dién ap cao hon bang cach mo Q1
trong thoi gian T,, va tich trir ning lugng trong cudn cam L1. Khi Q1 tit, L1duoc phan cuc
nghich va diém c6 cham cua L1 ting dén V, cao hon dién 4p ngd vao —V;,. Nang luong tich trix
trong L1 trong thoi gian T,, dugc chuyén qua D1 dén tai va C1 trong thoi gian Q1 tat. N6 dugc
trinh bay quan hé dién ap ngd vao —ngd ra trong bd khuéch dai nhu sau:
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Bay gio xuyén sudt nita hinh sin cta V;,, thoi gian mo Q1 biéu thi boi T,, duoc diéu chinh do
rong phul hop véi biéu thirc trén sinh ra mot dién ap khong doi DC V, cao hon mot muc nao dé
so v6i dinh cua song sin dién ap ngd vao. Thoi gian mé xuyén sudt nita chu ky hinh sin dugc
diéu khién bang mot chip diéu khién PFC cam tng V,, so sanh nd véi mot dién ap chuin bén
trong bo khuéch dai stra sai dién 4p DC va trong vong hdi tiép 4m chinh gitt V, khong dbi theo
gia tri da chon.

Thoi gian mé Q1 16n dé ting dién ap ngd vao thip 1én mot gia tri cao hondinh hinh sin. Va khi
Vi, ting dén dinh, chip diéu khién PFC s& tu dong giam thoi gian md Q1 dé chudi thoi gian mo
xuyén subt nira hinh sin dugc thay trong hinh 2

U U T
QO QO QO QO QOn QO
L
di/dt =V, /L1
/MM -

difdt =\p - Vin/L1

aa it

0° 10° 20° 30° 40° 50° 60° 70°

Hinh 2
Nhiém vu thr hai ctia mach diéu chinh hé s6 cong sut 1a cam tng dong ngd vao va tao né tré
thanh dang song sin cung pha voi ngd vao. Diéu ndy ciing dugc thuc hién boi sy diéu bién do
rong cua thoi gian mé bo 6n dinh khuéch dai. Thoi gian m¢ dugc xac dinh trong vong hdi tiép
am, so sanh mau dong ngd vao thyc té v6i bién do cla dong song sin chuan mach. Su khac
nhau gitta hai song sin ndy 1a mot dién 4p sai s6 ma duoc str dung dé diéu chinh thoi gian mo
dé budc hai song sin bfmg nhau vé bién do.
Dién 4p cudi cling diéu khién thoi gian mo ciia bd on dinh khuéch dai phai 1a su hdn hop cua
sai s6 dién ap DC ngd ra va dién ap sai sb ctia dong ngd vao. Diéu nay duoc thuc hién trong bd
phan rap theo khdi ma ngd ra ctia né ti 16 thuén vai tich sé dién ap sai sd ctia ngd ra va dién ap
ngd ra sai s6 dong vao.
2.Mach Khuéch Pai Ché P$ Khong Lién Tuc Pén Véi Ché Do Lién Tuc Cho Su Piéu
Chinh H¢ S6 Céong Suat
Bo bién doi khuéch dai co thé dugc hoat dong trong ché do khong lién tuc hay lién tuc.
Nhung mach khuéch dai ché do lién tuc duoc sir dung tdt hon dé sinh ra nira hinh sin cta dong
ngd vao khong co do gon song, twong dbi tron trong tmg dung nay. C6 thé thiy tir hinhC cho
thdy bo bién d6i khuéch dai ché d6 lién tuc dugc cap tir mot dién ap DC ngd vao khong doi.
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Trong ché d6 lién tuc nay, cudn cam L1 duogc chon khé 16n. Khi d6 dong Q1 cé dang cua mdt
dong budc 1on voi dang rang cua di 1én cham va dong D1 c6 dang cua mot dong budce 1on voi
dang rang cua di xuong cham. Va dac biét, khong c6 khoang trbng ctia 'dong zero gitra luc két
thiic tit va mé tiép. Dong ngd vao (hinhCl1) 14 tong cua Ioiva 14 va néu dang rang cua dugc
chon bang cach sir dung L1 16n, dong ngd vao trong mot chu ky chuyén mach lic nay 1a dong
lav khong d6i véi dd gon song dinh- dinh Al rat nho. Cong suat ngd vao luc ndy 1a Vi *L,,.

Bay gio ddi voi ngd vao AC, bo bién d6i khuéch dai ché d6 lién tuc nhu vay duoc su dung sau
ngd ra bd chinh luu cau nhu hinh C. O bat ky diém nao trén dién ap ngd vao nita hinh sin, thoi
gian mo Q1 sé& duoc thay ddi bai chip diéu khién PWM dé rang dién ap tirc thoi ndy thanh dién
ap ngod ra yéu cau. Mot bo khuéch dai stra sai dién ap DC, mot dién ap chuan DC va mét bo
bién diéu do rong xung trong chip diéu khién, s& diéu bién thoi gian md Q1 trong vong hdi tiép
dé sinh ra dién ap ngd ra DC khong doi.
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Hinh 3

Dong ngd vao tire thoi s& duge cam tng bang Rs va ty 18 thuan voi dién ap tirc thoi. Trong bat
ky mét thoi gian m6, dong chay qua L1, QI va R; tro vé diém am cia bo chinh luu cau, va
trong thoi gian tat, n6 chay qua L1, D1 (RO va C0) mac song song va Ry tré vé diém am ciia bd
chinh luu cau.

Biang cach chon L1 16n, dong gon song dinh-dinh xuyén subt mdi chu ky chuyén mach nho.
Phy thudc vao toc do chuyén mach cta Q1, ¢6 thé c6 cac xung nhon do rong rat nho trén nira
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song hinh sin cua dong dugc quan sat qua R; (hinhl1b). Néu c6, diéu nay c6 thé giy ra mot van
dé RFL. Nhung v6i mot tu rat nho (trong khoang 14n cén 1 ,0mF) qua Rs c6 thé khtr n6 dé dang.
3.Sw On Pinh Pién Ap ngd Vao Trong Bo Khuéch Pai Ché P Lién Tuc
Xét quan hé dién ap ngd ra-ngd vao ciia bicu thic (1)
Trong hinh C, Transistor chuyén mach Q1 dang mé trong thoi ky T, va tat trong thdi ky Te.
B0 qua sut 4p mo trong Q1 va D1. Vi cudn cam L1 ¢6 dién trd ¢ thé bd qua nén dién 4p trung
binh trén no trong mot chu ky chuyén mach phai bang zero. Va vi dién ap ¢ dinh ctia L1 1a V,,
nén dién 4p trung binh diém dudi ctia né trong mot chu ky phai bang Vi,. Diéu ndy c6 nghia 1a
dién tich A phai béng dién tich A, 9hinh(15.6a)
Vi trong thoi gian T, dinh cua L1 ¢6 dién thé V, nén:
Vi*To=(Vo-Vin)*Tosr

=(Vo-Vin)*(T-To)

Hay V, = o

L.
T

Bay gi¢ trong hinhC, sy o6n dinh dién ap ngd ra dat dugc béng cach thay do6i T,, phu hop véi
biéu thtrc 1 khi Vi, thay d6i. Diéu nay thuc hién véi bo bién diéu do rong xung (hinh 3a). Néu
Vi thay d01 tam thoi thi V, cling vay. Mot phan dién ap cua V, duoc cam tng bang bd khuéch
dai sai s6 EA va so sanh véi dién 4 ap chuan dé tao ra dién 4 ap Veao. N6 dugc so sanh voi dién & ap
rang cua V, trong bd so sanh dién ap V.. Ngd ra V, 1a séng vudng cao dbi voi thoi gian bit dau
clia xung tam giac dén ngay xung tam giac di ngang qua mirc dién ap sai sd ngd ra Veao- Va
Q1 duoc méd bo diéu khién (TPD) ddi véi thoi gian cao ciia ngd ra V. v6i TPD la totem pole
driver.

Do d6 néu giam tam thoi thi V, va ngd vao dao dén V,, giam. Do d6 V ngd ra ting, xung dién
apV. di ngang qua ngd ra by khuéch dai stra sai cham hon, thoi gian mé va Vj ting pht hop voi
biéu thirc 1. Hién nhién néu V,, tang, Ve, 0 gidm, T,, gidm va V, giam.
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4.Sy On Pinh Ngé Ra Trong Bé On Pinh Khuéch Pai Ché P§ Lién Tuc

Bo bién d6i khuéch dai ché d6 lién tuc hoat dong mot cach khac dé diéu chinh khi ¢6 sy thay
d6i dong tai. Tur biéu thire 1, cha ¥ ring V, va T, doc 1ap véi dong tai. Néu dong tai DC ting,
hién nhién ring cac dong Transistor va dong diot ngd ra phai thay d6i mic du thoi gian mo
khong dbi.
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Mach dap tng su thay d6i dong tai trong cach sau ddy. Trudc khi dong tai ting, gia st dong
Q1 1a ABCD hinh 4 . Bay gio dong tai ting nho, trong trang thai 6n dinh, dong QIsé dich
chuyén 1én AB1C1D. Néu dong tai thay d6i 16n thi dong Q1 s& dich chuyén 1én AB2C2D dé
gdy ra sy thay d6i nay, Ton thay d6i trong mot vai chu ky chuyen mach nhung tré vé gia tri ban
dau ciia né & trang thai on dinh. Dong diod D1 trang thai 6n dinh d6i v6i ba dong tai khac nhau
nay dugc trinh bay trong hinh 4c . Dong tai ngd ra la téng cla I va dong gon song dinh-dinh
ctia n6 I, ¢ thé nhod nhu yéu cau bang cach ting L1.

Gia trj ting cua dang song ring cua trong himh 4b va ¢ d6i véi tai DC ting, xay ra trong nhiéu
chu ky nhu sau (hinh 3a). Néu dong tai DC ting,V, giam mot cach tam thoi. Do d6 V., in
giam,V, tang. Xung tam giacV, qua Ve chdm hon va T, tang. Bay gio dong IQ1 ting dén
mot gia tri cao hon trong mot thoi gian dai hon. Khi do I bat dau cham hon tir gia tri cao hon
va voi thoi gian tat ngan hon, va c6 mot gia tri cao hon & luc két thic thoi gian tat. Do d6 dong
I, & lac bat déu mo tiép 16n hon.

Diéu nay tién hanh trong nhiéu chu ky véi dong trung binh & tim cua IQI, I4 tang nhu hinh
15.5¢ va d dén khi chung bang dong tai DC tang, ¢ thoi gian T,, va Togr gidm chdm xudng gia
tri ban dau cua ching nhu trong biéu thire 1. Do d6 dbi véi su thay ddi dong tai DC, T, va Tog
thay d6i tam thoi nhung giam cham vé gia tri ban dau cua ching.

Do d6 xét vé dinh tinh, c6 thé thay rang dai thong ctia bo khuéch dai sira sai dién ap ngd ra
phai khong dugc qua 16n. Néu né 16n, nd s& dap tng rat nhanh va khong cho phép dich chuyén
qua tai mot thoi gian tur gia tri binh thuong ¢ dién ap ngo ra c¢b dinh. Dién 4p ngd ra phai dugc
cho phép dich chuyén tir gi tri di dugc diéu khién boi dién ap ngd vao trong mot thoi gian day
da d6i v6i dong dién tao ra dd mo6 ta ¢ trén xay ra trong nhiéu chu ky chuyén mach.

TAt ca céac chuc nangyéu ciu di mo ta & trén duoc thyc hién véi chip c6 san mach IC diéu
chinh hé sé cong suét tir cac nha san sut. Cac chirc ning ma chip nay thyc hién la hau nhu
dién ap va dong dién cam ng b khuéch dai sua sai, tron vé6i tin hiéu sai sb va su phat ra cua
xung diéu khién mé Transistor khuéch dai diéu khién do rong.

5.Chip IC Cho Sy Piéu Khién Hé S6 Cong Suat.

Nhiéu nha san sudt chinh c6 san chip IC dé thyc hién tat ca cac chure nang yéu céu cho su diéu
chinh hé sb cong suat. Tat ca chung st dung so d6 khoi glong nhau dya trén bd on dinh khuéch
dai ché do lién tuc va mot so dd dé cam tng va diéu khién dién ap ngd ra DC va dong ngd vao
bang sy diéu bién d6 rong cua thoi gian mo.

Céc chip nay thuong sir dung rong rai, Unitrode UC 3854 1a kiéu ctia hau hét cac chip khac va
dugc trinh bay chi tiét.

5.1Chip Piéu Khién H¢ S6 Cong Suit Unitrode UC 3854.

So dd khéi don gian cho thiy cic phan tir chinh cua chip trong hinh 5. Chirc ning cia cac
thanh phan khac ctia né nhu sau:

Transisor Q1,cuén cam L1,diod D1 va tu ngo ra C0 bao gém trong b bién doi khuéch dai.
May phat xung dién ap rang cua, hoat dong ¢ tan so Fs=1,25 (R14 Ct) diéu chinh tan sb
chuyén mach.transistor chuyén mach Q1 duoc mé va tit bai cac bo diéu khién (TPB) Q2 va Q3
ngo ra.

Thoi gian mo bat dau khi FF1(Flip- flop 1) duoc diéu chinh bai xung nhon & lac bat dau cua
moi xung rang cua tu b dao dong. Két thic thoi gianmdxay ra khi FF1 duoc diéu chinh lai boi
ngd ra bo bién diéu do rong xung (PWM) ltic xung rang cua ¢ ngd vao khong dao di qua mirc
dién 4p DC ¢ ngd ra chan sd 3 ctia bo khuéch dai dong dién tuyén tinh EA2. Dién ap ¢ chan 3
la di¢n ap duoc khuéch dai, khong dao tirc thoi hoan toan khac nhau gitra sut ap trén R va su
tang dién 4p trén R2.
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Bo diéu bién do rong cua thoi gian mé may béi PWM lam ting dién 4p ngd vao nita hinh sin
tir b chinh luu cau thanh dién ap ngd ra khong do6i. N6 ciing budc dong ngd vao trd nén hinh
sin chinh x4c va cung pha di¢n ap ngd vao.

5.2 Tao Song Vao Hinh Sin Véi Chip UC 3854.

Dong ra khoi chan sd 5 1a dong lién tuc nira hinh sin di qua mirc duong ma bién d6 cua no ty
1¢ thudn vdi tich s6 cua dién 4p DC ¢ diém A va dong dién vao chan sb 6. Ngd vao O chan s6 6
1a dong nira hinh sin chuan cing pha véi dién ap nira hinh sin sau bo chinh luu cau. Dién dp &
chan s6 5 1a dong lién tuc nira hinh sin cing pha véi hinh sin cta dién ap ¢ ngd ra bo chinh luu
cAu. Bién d0 cua song sin ty 1¢ thuan véi dién 4p & ngd ra cia bd khuéch dai sira sai EAL. Dong
dién ngod vao duoc tao thanh hinh sin bang cach sut ap trén R, (tir phai sang trai hinh 6¢) bang
su tang di€n ap (tu trai sang phai hinh 6b) trén R2.
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Bay gid dong qua Rs, tinh trung binh trong mot chu ky chuuyén mach bang voi dong ngd vao
tinh trung binh trong chu ky d6. Boi vi dong ngd vao bang tong dong Q1 khi Q1 md va dong
D1 khi Q1 tat.

Do d6 khi sut ap trén Rs dugc budc bang su ting dién ap trén R, thi dong ngd vao ciing 13 nira
hinh sin va ctng pha véi dang song dién ap sau bo chinh luu cau.

N6 c6 thé thay tir hinh 3¢, d va e rang vi mach khuéch dai hoat dong trong ché d¢ lién tuc véi
cudn cam lon, nén dong gon song trong mot chu ky chuyén mach nhé. Khi sut 4p trén Rs dugc
tao bang su ting dién 4p trén R, trong sudt mot nira chu ky, va vi dién ap trén R, la mot nira
hinh sin nén dong ngd vao qua Ry ciing nira hinh sin véi mot chit do gon séng tan sé chuyén

mach.
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Bay gio rong suat chu ky tan s6 50hz, sy tang dién ap trén R, cao hon mét luong nhé sut ap
trén Ry vi sut ap trén Ry lién tuc dé giir sy tang dién ap chuan trrén R,. Sy khac nhau nay-dién
ap sai s6 nhét thoi- duoc trinh bay trong hinh 6d. N6 1a dién ap dwong ddi véi dién ap dat trong
ca ntra chu ky va cé dang song dinh 10m nhu hinh 6d. N6 duoc khuéch dai bai bo khuéceh dai
dong khong ddo EA2 va c6 dang song 16m nhu hinh 6e.

Trong b so sanh PWM, dang song & chan s 3 dugc so sanh voi xung tam giac ¢6 ap dinh 5V
& chan s6 14. O cac diém nhu X va Y (hinh 6¢) xung tam giac qua muc dién ap cao hon ¢ do
tré va thoi gian mé dai. O dinh séng sin (diém P), mirc dién ap thap hon va vi thé xung tam
giac qua dién ap thap sém hon va thoi gian mo ngan hon.

Do do trong ca ntra chu ky, séng dinh chan s6 3 sinh ra mot thoi gian mé cuc dai. Thoi gian
mo thay dbi nay ting dang song ngd vao nira hinh sin thanh dién ap ngd vao DC khéng d6i &
Conhu biéu thic 1

Thoi gian mo nay dugc diéu khién boi tin hiéu dién ap sai sb & chan sb 3 trong vai chu ky. Khi
dong yéu cau bang sy thay ddi dién 4p hinh sin trén R2, do d6 xung dong dang rang cua qua Rs
thay c101 Diéu nay xdy ra nhu ¢ da trinh bay ¢ phan trén bang cach thay d6i tam thoi dién ap
sai 0 & chan s6 5 va chan s6 3. Do d6 bo so sanh PWM thay d6i tam thoi thoi gian mé dé xung
dong dang rang cua chay qua Rs gy ra dién ap trung binh trén né bang dién ap trén R2. Va sau
vai chu ky khi cac dién ap nay bang nhau, thoi gian mo giam tré vé gia tri yéu cau bai biéu
thirc 1 dé tang dién 4 ‘ap ngd vao tue thoi thanh dién ap ngd ra DC khong doi.

5.3 Duy Tri Dién Ap Ngo Ra Khong Poi Vi Chip UC 3854.

Dién ap ngd ra chén s6 5 la tich s6 cua dién ap ¢ diém A ngd vao va dong qua diém B ngo vao.
Su 6n dinh chong lai su thay ddi ciia Vo nhu sau . Piém A 1a dién 4 ap ngo ra cua bd khuéch dai
stra sal V, so sanh vo1 mot phﬁn nho cua V véi dién ap chuan c¢d dinh. Dién ap ¢ chan $6 5 1a
trinh tu cua ntra song sin khong méo dang dién ap ma bién do cia no6 ty 1€ thuan véi mic DC &
chan s6 7 (ngd ra cua khuéch dai sira sai EA1-Error Amplifier). Do d6 néu V, ting, dién 4p &
chén s6 7 giam va bién do ciia song sin & chan s6 5 nho hon.

Bay gid sy khac nhau dién 4p sai s giita chan s 5 va dién 4p dat (hinh 5d) gan bing dién ap
zero va dién 4p ¢ chan s cling tuong tw. Vi vay trong bd so sanh PWM, xung ring cua di qua
dién ap ¢ chan s6 3 sém hon, thoi gian mé trong mdi chu ky chuyén mach giam va phu hop voi
biéu thuc 1, V, tang trd lai.

Ngb ra & chan sd 5 bao gém thong tin can thiét dé giir dién ap ngd ra V, khong doi va dong
ngo vao hinh sin.

Dong di vao chan 6 13 hinh sin va cing pha véi dién 4p ngd vao vi tong tré' & chan dé thap va
dién tré 16n R8 duogc diéu khién boi dién ap hinh sin sau bd chinh luu cau.

5.4 Cong Suat Ngo Ra Véi Chip UC 3854.
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Hinh 7 13 so d6 khéi cta b diéu khién hé sb cong suit 15 kW sir dung UC 3854. Cong suat
ngo ra dat duoc cuc dai dugce xac dinh béng cach diéu chinh dinh dong hinh sin IP1 di qua dién
trd cdm ung R,. N6 xdc dinh dong hiéu dung ngd vao dat dugc cuc dai va cong sudt ngo ra dat
dugc cuc dai & bat ky dién &p hi¢u dung ngd vao.

Trong hinh 7 ta co:

Py=E*P;,=E*V ns*L[ns=E*V s *(0,707*IP1) (2)

V6i E 14 hiéu suat va IP1 1a dong chay vao dién tré cam tmg dong R, & dinh ctia song sin V.
Pau tién IP1 duge chon tir biéu thire 2. Sau d6 Rs duoc chon dé giam ton hao nhé nhét & tai
cuc dai va dién ap ngd vao thap va c6 sut ap dinh & dién 4p ngd vao thip khéng nho hon 1V.
Do d6 c6 thé ndi sut ap trén Rs 1a 1V:

1

R =—
1P1

Vi chi tiét bén trong I,mg, 1a dong cuc dai san cO & ngd ra MD (chéan s6 5) duge xac dinh boi:
3,75

R14

Va Ipmd co the bang 0,5 mA nhung thuong chinh 00,25 mA.

Bay gio ¢ tat ca cac gid tri tirc thoi, vong hoi tiép giit sut ap trén Rs bang su ting ap dién ap
trén R2 va ddi véi dién 4 ap ngd vao cuc dai va cac dong IP1 va I g cO:
R2 — IPI *Rs
1,4

Déi v6i Pi=15 kw,V,,s=220 V, va hiéu suat E=0,89.

pmd =
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*
M0 g6
0,89*220
ValP1=1,41%76,6=108 A
Va doi voisut ap trén 1V trén Rs :

R = L =0,0093Q
108

N

Ta lai c6 v6i1 1,,¢=0,25 mA, ta co:
375
*70,00025
Pé giam nho nhat su troi trong EA2 (hinh 5), R3 duoc chinh bang R2
5.5 Tan S6 Chuyén Mach Khuéch Pai Véi Chip UC 3854.
Ngoai viéc xac dinh dong ra cia MD & chén sb 5, vi chi tiét thiét ké bén trong, R14 ciing chinh
tan sb chuyén mach Boost. Khi R14 dugc x4c dinh thi tin séchuyén mach boost 1a :
125
T RI4*CI
Vé6i C11 1a tu nbi & chan s6 14 vé6i dat, Chip UC 3854 c6 thé sir dung trén 200Hz nhung
thuong duoc su dung gan 100Hz.
5.6 On Pinh Vong Hoi Tiép Véi Chip UC 3854.
C6 hai vong hoi tiép, mot vong bén trong dai thong cao (EA2) budc dong ngd vao trd nén hinh
sin va mot vong bén ngoai dai thong thap (EA2) duy tri dién 4p ngd ra khong doi.
1

Bo EA2 1a mot bd khuéch dai tuyén tinh n6 c6 mot diém khong & Fz = , mot cuc
2*7*R6*C15
OFp= ! , va mot cuc O géc toa do ! .
2*1*R6*C13 2*r*R3*(C13+C15)

Bo khuéch dai stra sai dién ap EA1, ngoai viée duy tri dién ap ngd ra DC khong ddi, nd con
giam tdi thiéu sy méo dang hai ctia dong ngd vao S0Hz bi c6 bang théng thap va do loi thip ¢
trén song hai bac 3 cua tan sé dién 4p ngd vao.

6. Kiém Tra Két Qua Cua Viéc Sir Dung Mach Diéu Khién hé S6 Cong Suit.
Gi1d sir momen tai gidm con % Myy,. Lic do vi momen ty 1€ v&i binh phuong dién dp nén dién
ap dinh muc tai % tai la :

3, 9
U=()*U,, =—*220
(4) dm 16

s A as ve a9 P e , A A A £ ,
Vi lic nay day tai so véi dién ap 6 *U, nén do trugt s & dinh mue, hé s6 cong suat dugce tinh

nhu sau:
R,=8,77 O
X,=1,463 Q
Z,8.89 Q
r=cr 2wl o160 2 5229 _ 14144
6 Z, 16 889
oAl Us 164, _10hg15 14494
9 (n+x) 9 9

.16 16

Ly * Ly =5 * 058103
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" ok k
I'," R, —1449+M_

I' =1y +———-"=14, =16,784
’ C*Z, 1,016 *8,89
"ok *
r=r, e L R g o3 JANATETT ) 46
C*Z, 1,016 *8,89

Iy=1 1,2 =16,78° +14,76° =22,354

Heé s6 cong suit tai do:

cosp = Ly _ 14,76 =0,66
I 2235

Néu gitr nguyén dién ap thi do truot ty 16 nghich v&i momen nén do truot liic nay bang :

s’=(1-3/4)*s4m=1/4*0,024=0,006

H¢ s6 cong suat la:

X’,=1,463
2% 0 2 %
R =C*r+ ST 1 016%0,334+ 2010 7096 _ 54 5600
‘ s' 0,006
Z' = \/X'mz+R'm2 = \/1,4632 +34,06° =34,09Q
I,=C, Y _ 1,016 * 220 _ 6,56 4
z' ,09
1ok P *
I, =I,+ LRy 0,58 + 6,56734,06 _ 7,034
C*Z' 1,016 *34,09
[ el %
I' =I,+ L7 8,15+ 65671463 _ 8,434
C*Z' 1,016 *34,09

ns

I\ = Jz*l,?u'lj =/7,03> +8,43° =10,984
LI, 7,03

cos'p=—rL=——=

I' 10,98

Nhu vy rd rang hé s6 cong suit khi dién 4p giam sé& tot hon khi khong giam dién dit ¢ tai nhe.

Khi dong co hoat dong & tai béng 0,375 lan dinh mirc lac d6 dién ap dinh murc can thiét dé

dap tng cho dong co hoat dong day tai 13 (0,375)*Ugm

bJ trugt luc dé giam 0,375 1an dinh muc tic 1a d6 truot lac nay bé‘mg:

s’=(1-0,375)*s41,=0,625%0,024=0,015

Theo bang s6 liéu cta dic tinh 1am viéc:

Cosep=0,857

Bay gid ta xét khi dong co hoat dong ¢ dién ap U=(0,357)" Ugn =0,141*Ugpn

U 0l41*U,,

0,64

', = =0,141*1, =0,141*8,15=1,154
X, + X, X, +X,
L'y, = P = P = L = 0,58 =3,834
m*U m*0,141 0,141 0,141
I",=0,141*1"',=0,141*6,56 = 0,934
" %k Pt %
1'1r:1'dbr+1 ¥R _3, 0,93*34,06 _ 4744
C*Z', 1,016 *34,09
" %y *
1 '1x=1'dbv+—[ 2 X =1,15+—0’93 1,463 =1,194
S C*Z' 1,016 *34,09
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I = Jz*lfu']j =J4,74> +1,19* = 4,894
I, 474

I, 489

Tir cac k‘é't qua trén rd rang khi c6 mach diéu khién thi hé sé cong suat cua dong co duogc cai

thién nhiéu hon.

Di nhién hiéu suét cua dong co cling dugc cai thién theo.

cos'p = =0,97
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