BO GIAO DUC VA PAO TAO
TRUONG PAI HQOC DAN LAP HAI PHONG

1SO 9001:2015

Tong quat dong co dién dung trong cong nghiép, di
sau tim hiéu cong ngh¢, xu hwdng va sy phat trién
cia may dién toc do cao.

PO AN TOT NGHIEP DAI HOC HE CHINH QUY
NGANH PIEN TU DPONG CONG NGHIEP

HAI PHONG - 2020



BO GIAO DUC VA PAO TAO
TRUONG PAI HQOC DAN LAP HAI PHONG

™

1SO 9001:2015

Tong quat dong co dién dung trong cong
nghiép, di sdu tim hiéu céng nghé, xu
hwéng va sw phat trién ciia may dién toc
do cao.

PO AN TOT NGHIEP PAI HOC HE CHINH QUY

NGANH PIEN TU PONG CONG NGHIEP

Sinh vién: Poan Van Ngoc
Ngudi hudéng dan: GSTSKH Than Ngoc Hoan

HAI PHONG - 2020



CONG HOA XA HOQI CHU NGHIA VIET NAM
Poc lap — Tw Do — Hanh Phic

BO GIAO DUC VA PAO TAO
TRUONG PAI HOC DAN LAP HAI PHONG

NHIEM VU BE TAI TOT NGHIEP

Sinh vién : Poan Van Ngoc MSV : 1512102020
Lop : BC1901 Nganh: Di¢n Tu Pong Cong Nghi¢p

Tén dé tai : Tong quat dong co dién ding trong cong nghiép, di sdu
tim hiéu cong nghé, xu hwéng va sy phat trién ciia may dién téc do
cao



NHIEM VU PE TAI

Noi dung va cac yéu cau can giai quyét trong nhiém vu dé tai tot nghiép (vé ly

luan, thyc tién, cac so li€u can tinh todn va cac ban v¢).



CAC CAN BQO HUONG DAN PE TAI TOT NGHIEP
Nguoi hudng din thi nhat:

Ho va tén X Than Ngoc Hoan

Hoc ham, hoc vi X GSTSKH

Co quan cOng tac ) Truong Pai hoc dan 1ap Hai Phong
Noi dung huéng dan : Toan bd dé tai

Ngudi huéng dan thir hai:

Ho va tén X

Hoc ham, hoc vi

Co quan cOng tac

No6i dung huéng dan :
ba nhan nhiém vu B.T.T.N ba giao nhiém vu B.T.T.N
Sinh vién Can bo huéng dan B.T.T.N
Doan Vian Ngoc GS.TSKH Than Ngoc Hoan

Hai Phong, ngay........ thang........ nam 2020
HIEU TRUONG

GS.TS.NGUT TRAN HUU NGHI



CONG HOA XA HOI CHU NGHIA VIET NAM
Poc lap - Tw do - Hanh phic

PHIEU NHAN XET CUA GIANG VIEN HUONG DAN TOT NGHIEP

Ho va tén giang vién: Than Ngoc Hoan
Pon vi cong téc: Khoa Dién —Dién tir.

Ho va tén sinh vién: ~ .Poan Van Ngoc. Chuyén nganh: Dién tuy dong Cong nghiép

Noi dung huéng dan:  Toan b dd an

Tinh thén thai do ciia sinh vién trong qua trinh lam dé tai tot nghiép

Trong thoi gian lam do an co co gang, tuy nhién can co gang hon nita dé hoan thanh do

Panh gia chat lwgng ciia do an/khéa luin (so véi noi dung yéu cau da de ra

trong nhiém vu D.T. T.N trén cac mit Iy ludn, thyc tién, tinh toan so liéu...)

Hoan thanh do an theo dé cuwong dé ra. Pa tim hiéu dwoc dong co dién mot chiéu va
xoay chiéu, da tim hiéu dwoc cdc may dién toc dé cao, dic dzem pham vi img dung
cua logi may nay. Tuy nhién do trinh do co han kién thirc vé may dién rat yéu nén két
qua tim hzeu khéng dwoc séu sdc. caand c6 gdang hon nhiéu khi ra truong vao céng
tac thuec té.

3. Y kién ciia giang vién huéng din tt nghiép

Puoc bao vé Khong duoc bao vé | | Piémhuéngdin [ |
Hai Phong, ngay 4 thang 01 nam 2020
Giang vién huéng din

(Ky va ghi ro ho tén)

GS.TSKH Than Ngoc Hoan



CONG HOA XA HOI CHU NGHIA VIET NAM
Doc lap - Tw do - Hanh phic

PHIEU NHAN XET CUA GIANG VIEN CHAM PHAN BIEN

Ho va tén giang vién:

Pon vi cong tac:

Ho va tén sinh vién Poan Van Ngoc

Chuyén nganh: Dién Ty dong Cong nghiép
Pé tai tot nghiép: Tong quat déng co dién dung trong cong nghiép, di sau
tim hiéu cong nghé, xu huéng va sy phat trién ciia may dién toc d9 cao.

1. Phan nhan xét cia giao vién cham phan bién

3. Y kién cia gidng vién cham phan bién

Puoc bao vé

Khong duoc bao vé DPiém huéng dan

Hai Phong, ngay ... thang ... nam
2020
Giang vién cham phan bién

(Ky va ghi ro ho tén)



Muc luc

Chuong 1 Tong quan vé dong co dién mot chitu..............cocooevvvveeennnnn,
1.1 Khai ni€m Chun@...........coooiiiiiiiiii e
1.2 Céu tao dong co dién mdt chilu ............ocovovvevvevereeecee e,
1.3 Phuwong trinh cin bing suat dién dong ciia dong co..........................
1.4 Pic tinh clia dong co' dién Mot chilU.............cocovvveveveierieeeeeceen,
1.5 Cac phwong phap diéu chinh téc @0 dong co dién mot chiéu...........
Chuwong 2 Tong quan vé dong co dién xoay chiéu.............cococovvvverennnn.
2.1 Khai ni€m chung..............cccooiiiiiii e
2.2 Nguyen ly hoat dOng...............ccoooiiiiiiiii e
2.3 Phan 102i dONg co di€N............ccooiiiiiiiiiicii e
Chuwong 3 May dién téc dd cao cong nghé, xu hwéng & phat trién.......
3.1 MAY IM t0C @0 CAO ...t
3.2 MAY PM t0C @0 CAO..........oeeeeeeceeeee e,
3.3 MAY SR t0C @0 CAO........ooovereceeceeieeeeee e
3.4 My ddng nhat tdc @0 CA0...........coovrvvvereerereeeeeeeeeee e

T 11T 1 YOO



LOI NOI PAU

Hién nay, dit nudc ta dang trén con dudng cong nghiép hoa hién dai héa nén
nhu cau st dung dién ning trong tic ca cc linh vuc ngay cang ting. Vi vay
cong nghiép dién lyc giir vai tro quan trong d6i voi phat trién kinh té va 6n dinh
chinh tri x4 hoi. Vi wu diém dé nén dién nang duogc st dung rong rai, khong thé
thiéu trong sinh hoat va san xuat. Vi vay khi xdy dung mét nha may, khu cong
nghi¢p, mot ngdi nha, cling nhu mot truong hoc. Thi van dé xay dung mot hé
théng dién dé cung cip dién ning cho céc tai tiéu thu 13 rat can thiét.

Hé théng cung cép dién: 1a mot bo phan cAu thanh trong mot hé théng dién bao
gém mot phan khau truyén tai, phan phdi va cung cép dién ning dén noi tiéu
thu.

Hé théng dién cang phuc tap doi hoi viéce thiét ké cung cép co nhiém vu dé ra
nhitng phuong an cung cap dién hop 1y va toi uvu. Mot phuong an cung cap dién
t6i wu s& giam duogc chi phi dau tu xay dung hé théng dién, giam ton that dién
nang, van hanh don gian va thuan tién cho viéc stra chira khi c¢6 su cd.

Trong pham vi lam do 4n nay em thiét ké mang cung cép dién cho trudong trung
hoc phé thong 25-10. Do kién thirc va thoi gian con han ché nén khong tranh
khoi nhimng sai xo6t trong qua trinh thiét ké. Em mong nhan dugc su nhan xét tir
quy thay co.

Em xin chan thanh cam on!



0 ~_  CHUONGI ‘
TONG QUAT VE MAY PONG CO PIEN MOQT CHIEU

1.1. KHAI NIEM

May dién mot chiéu 1a loai may di¢n bién co nang thanh nang luong dién
mot chiéu (may phat) hodc bién dién ning dong mot chiéu thanh co ning (dong
co mot chiéu).

O may dién mot chiéu tir trudng 1 tir truong khong d6i. Dé tao ra tir
truong khong d6i nguoi ta dung nam cham vinh ctru hodc nam cham dién duoc
cung cap dong dién mot chiéu.

C6 hai loai may dién 1 chiéu: loai c6 cb gop, loai khong ¢ cb gop.

Cong suat lon nhat cta may dién mot chleu vao khoang 5-10 MW. Hién
tuong tia ltra & ¢ gdp da han ché ting cong suat ciia may dién mot chiéu. Cap
dién ap ciia may mot chiéu thuong 1a 120V, 240V, 400V, 500V va 16n nhat 13
1000V. Khong thé tang dién 4p lén nita vi dién ap gidi han cia cac phién gop la
35V.

1.2. CAU TAO CUA MAY PIEN MOT CHIEU
Trén hinh 1.1 biéu dién ciu tao cua may dién mat chiéu. Ta s& nghién
ctru cu thé cac bo phan chinh.

Hinh 1.1 Kich thuéc do, ngang may diér} mot chiéu.l-Thép, 2-cyc chinh voi cudn
kich tur, 3-cuc phu voi cudn day,4-Hop 6 bi,5-Lao1 thép, 6-cudn phan tng, 7-Thiét bi
ch61,8-Co gop, 9-Truc, 10-Nap hop dau day

1.2.1. Cdu tao cua stato

Glong nhu nhitng may dién quay khac no ciing gom phan dung im
(stato) va phan quay (rd to). Vé chiic ning may dién mot chiéu ciing duoc chia
thanh phan cam (kich tir ) va phan ung (phan bién d6i ning lugng). Khac voi
may dién ddng bo ¢ may dién mot chiéu phan cam bao gid ciing & phan tinh con
phan tmg 13 & 16 to.
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Hinh 1.2 Céu tao cac cuc cia may dién mét chiéu a)Cuc chinh, b)Cuc phu

Stato may dién mot chiéu 1a phén cam, noi tao ra tu thong chinh cua
may. Stato gom cac chi tiét sau: .

Cuc chinh

Trén hinh 1.2a biéu dién mot cyc chinh gém: Ldi cuc 2 duge lam bang
cac 14 thép dién k¥ thuat ghép lai, mit cuc 4 c6 nhiém vu 1am cho tir thong dé di
qua khe khi. Cudn day kich tir 3 dat trén 161 cuc cach dién voi than cuc bé“mg mot
khuon cudn day cach dién. Cudn day kich tir 1am bang day dong c6 tiét dién
tron, cudn day dugc tam son cach dién nham chong thim nude va ting do dan
nhiét. D& tan nhiét tét cudn diy duoc tach ra thanh nhitng 16p, dat cach nhau
mot ranh 1am mat.

Cuc phu(hinh 1.2.5)

Cuc phu nim giita cac cuc chinh , théng thudng sd cuc phu bang % sb
cuc chinh sd cuc chinh. L&i thép cuc phu (2) thuong 1a bot thép ghép lai, ¢
nhitg may c6 tai thay di thi 16i thép cuc phu ciing duoc ghép bang cac 14 thép.
cudn day 3 dat trén 161 thép 2. Khe khi ¢ cuc phu 16n hon khe khi & cuc chinh.

A. Than may

Than may lam bang gang hogc thép, cuc chinh va cuc phu duoc gan vao
than may. Tuy thudc vao cong suat ciia may ma than may c6 chira hop 6 6 bi hoic
khong. May c6 cong suat 16n thi hop 6 6 bi lam rodi khoi than may. Than may dugc
gan voi chan may. O v6 may c6 gan bang dinh muc voi cac thong sb sau day:
Cong suat dinh muc Py,

Toc do dinh mirc ngp,
bién 4p dinh mirc Uy,
Dong di¢n dinh mure 14,
Dong kich tr dinh muc Iy,
D.Ro to
RO to cia may dién mot chiéu 1 phan ung. Ngay nay ngudi ta dung chu
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yéu 12 loai réto hinh trong c6 rang duoc ghép lai bang cac 1a thép dién ky thuat.
O nhitng may cong suat 16n ngudi ta con 1am cac ranh lam mat theo ban kinh
(cac 1a thép dugc ghép lai tung tép, cac t€p cach nhau mot ranh lam mat).

E. Co gép

Cudn day roto la cudn day khep kin, mdi canh cua nd duoc ndi véi phlén
gop. Cac phlen gop dugc ghép cach dién vdi nhau va voi tryc hinh thanh mét c6
gop. Phién gop duoc 1am bang dong, vira c6 d6 dan dién tbt vira c6 d6 bén co
hoc, chéng mai mon. (hinh 1.3).

Hinh 1.3.Kich thudc ngang cua cd gop
1-Phién goép,2-Ep vo ,3-cach dién, 4-
phién céach dién,5-6ng c6 gop,6-chodi

G. Thiét bi choi.

Pé dua dong dién ra ngoai phai dung thiét bi chdi gdm: chéi than dugc
lam bang than granit vira dam bao do dan dién tét vira c6 kha nang chdng mai
mon, b gitr choi dugce lam bé‘mg kim loai gén vao stato, c6 10 so tao ap luc choi
va céc thiét bj phu khac.

Hinh 1.4 Thiét bi choi.

a) Thanh giit choi, b)thiét
bi giit chdi.1.0c vit,2-Day
dan,3-Cach dién,4-Gitt
chéi, 5-Chdi, 6-Lo so,7-
bon ganh,8-Day dan dién
ra,9-Oc giit choi.

1.3. PHAN LOAI PONG CO PIEN MOT CHIEU
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Pong co dién mot chiéu duoc phan loai theo kich tir thanh nhiing
loai sau:
- Kich tir doc lap
- Kich tir song song
- Kich tir ndi tiép
- Kich tir hdn hop
1.3.1. PHUONG TRINH CAN BANG SPP CUA PONG CO

Khi dua mot may dién mdt chiéu d3 kich tir vao ludi dién hinh 1.5
thi trong cudn phan Ung s€ chay 1 dong dién, dong dién nay s€ tac dong voi tu
truong sinh ra luc, chiéu cia nd xac dinh bang quy tic ban tay trai, va tao ra
momen dién tir 1am cho réto quay véi tc d6 n. Trong cudn day s& xuat hién sdd
cam tng E, = Cedn, & ché d6 qua do (khi n va dong I, thay ddi) ta c6 phuong
trinh sau:

/ ILNi/ | Hudng dong dién

Hinh 1.5 Giai thich nguyén ly dong co dién mot chiéu

di :
U+(_e')+(_Lad_£):|'Rt (1.1)
di. .
Hodc: U=¢e. +L&E:|'Rt (1.2)
O ché d6 6n dinh (n = const, I, = const) ta co:
o U=E+ LR ’ (1.3)
Két hop véi cong thire (2.2) ta viét:
U=E,x IRt , (1.4)
Trong dau “-* cho may phat, dau “+” cho dong co.

1.3.2. PAC TiINH CO CUA PONG CO PIEN MOT CHIEU
1.3.2.1. Dac tinh co cua dong co kich tir doc lap va song song .

Pic tinh co 1a moi quan hé¢ ham gitra tdc d6 va momen dién tir n =
f(M) khi I, = const.
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No

—

v

Mam
a) b) ‘

Hinh 1.6 Pong co dién mot chiéu kich tir song song: a)So dd, b)Pic tinh co
Pé tim mdi quan hé nay ta dya vao hink 1.6 va cac phuong trinh (1.4),

(1.4), (1.5). Dong kich tir dugc x4c dinh bang:
" Zlé_:; va  g=Kiiy
Thay (11.40) vao (14.4) r61 rt n ra ta co:
U LR,
C G
Rut I, tir (13.5) thay vao (14.5) ta duoc:
U MR,
B Ced) CeCmq)2
Do Iy = const nén ¢ = const ta dugc phuong trinh:
n=ny,— BM. (1.6)
Trong do: ny = Cl:¢ - goi la tdc do khong tai, con B= Ce(lj;q)z
,Vé mat tpén hoc day 1a 1 duong thang (hinh 1.6b), song trong may
dién chi phdi tinh chat ciia may con do cac hién tuong vat ly. That vay, khi tai
tang do phan Ung phan Umg lam cho tu thong chinh ciia may giam di dac tinh co
hoi bién dang Néu dong co c6 dién trd diéu chinh & mach phan tng thi gia tri
ctia hing s6 nhu sau: B = (R; + R4.)/CcCmd>.

1.3.2. Pic tinh co ciia dong co kich tir noi tiép.

(1.5)

(1.5a)

Do 1a moi quan hé n = f(M) v6i U = Ugm, Ra. = const. So' d0 dong
co kich tir néi tiép bi€u dién trén hinh 1.7




T cong thire (2.13) ta co:
_U-L(R +Ry,) U M(R +Ry

= = (1.7)
Ce¢ Ce¢ Ce¢
Trong may kich tir ndi tiép I = I,
Ta xét 2 truong hop:
a.Khi 0 < |, < l4, — may chua bao hoa, trong truong hop nay tacéd ¢ =
Kl,.
Vay M = CpKlyl, = Cnl,® do do:
7 l. = Cnym
Thay vao biéu thuc (3.7) ta co:
nZU—CmN(Rt+RdC)= U ~-C, VM (R, +R,)
C.Kl, C.KC,VM  C.,KC, VM
. U R, + Ry A
Hay: n= CKC,VyM C.K M g
Trong d6 A= J ;B:—RIJerC ;
C.KC' C.K
Nhu vay trong pham vi dong tai nhé hon hogc bang dong dinh muic,
ddc tinh c6 dang hypebol.

b.Khi I, > 14, mdy bdo hoa, dac tinh co khong trang véi duong hypebol
nira (duong net dat ¢ hinh 3.3b). Sy thay doi toc do binh thuong doi voi dong co
no1 ti€p xac dinh theo bicu thirc:

Tn 10096

Andm:

dm
Trong d6 n’-téc dd quay cua dong co khi tai thay ddi tir dinh murc t6i
25%
Qua phan tich trén day ta thdy dic tinh co cia dong co kich tir ndi tiép
khéng c6 téc do khong tai. Khi tai giam qua murc, téc do dong co ting dot ngot
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vi vay khong duge dé dong co mac ndi tiép lam viéc khong tai, trong thuc té
khong duoc cho dong co ndi ti€p chay bang day cu-roa.

1.3.3. Pac tinh co cua dong co kich tu hén hop
Hinh 1.8 biéu dién dong co kich tir hdn hop va dic tinh co caa né.

Na
u .
! 1
\ \

Y ! ! AN

.. Z
W Id 'I 0 ” M

a c)
\ b

Hinh 1 8 Dong co dién mot chiéu kich tir hdn hop: a)So do, b,c)

bong co gé)m 2 cudn kich tir: cudn ndi tiép va cudn song song. Pac tinh
co cua dong co nay gidng nhu dic tinh co cua dong co kich tur ndi tiép hoic
song song phuc thudc vao cudn kich tir nao giir vai tro quyét dinh. O dong co
ndi thudn, std cta 2 cudn day cung chiéu nhung gitr vai tro chu yeu 1a cudn song
song. So sanh déc tinh co cua dong co kich tur hdn hop véi nbi tiép ta thay o
dong co kich tu hdn hop c6 toe dd khong tai (kho khong tai tir thong noi tiép
bang khong nhung tir thong kich tir song song khac khac khong nén c6 toc do
khong tai) khi dong tai tang Ién, tir thong cudn nbi tlep tac dong, dac tinh co
mang tinh chat dong co ndi tiép Trén hinh 2.18b biéu dién dédc tinh n=f(I) cua
dong co kich tir song song (duong 1), cua dong co kich tir ndi tiép (dudng 2),
ctia dong co kich tir hdn hop ndi thuan (duong 3) va dic tinh cta dong co kich
tir ndi tiép ndi nguoc (duong 4) dé chung ta dé so sanh. Con hinh 1.8¢ 13 dic
tinh co ctia dong co kich tir hon hop.

1.4. KHOT PONG PONG CO PIEN MOT CHIEU.

Khoi dong dong co 1a qua trinh dua dong co tir trang thai nghi (n=0) té1
tdc do 1am viéc. Chung ta c6 cac phuong phap khéi dong sau:
a.Khéi dong triee tiép
Pay 1a phuong phap dong dong co truc tiép vao ludi dién, khong
gua mot thiét bi phu nao. Dong khoi dong dugce xac dinh béng cong thuec:

Udm
R, (1.8)

Ikd:
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V1 R{nhé nén I4 co gia tri rat 16n, dat (10+30)14,. Su taing dong dot
ngodt lam xudt hién tia lra & cd gop, xuét hién xung co hoc va 1am sut dién ap
lu6i. Phuong phép nay hau nhu khong duoc st dung.

b.Khoi dong dung dién tro khoi dong

Nguoi ta dua vao roto mot dién trd cd kha ning diéu chinh va goi 1a
dién tr¢ khoi dong (hinh 1.9a). Dong khoi dong bay gio cé gia tri:
Udm

(R +Ryq) (1.82)

|kd=

o
L

v

M. Mmin Mmax

A
Rp

a) b)
Hinh 1.9 Pong co dién mot chiéu kich tir song song: a)So dd, b)Pic tinh co

Pién tro khoi dong phai duge ngat dan ra theo sy ting cia toc do.
Néc khoi dong thtr nhat phai chon sao cho dong phém ung khong 16n qua va
moémen khoi dong khong nho qua. Viée lua chon s6 néc dién tré duge trinh bay
¢ cac sach vé truyén dong dién. Khi c6 cung dong phan tng thi dong co kich tir
ndi tiép c6 méomen khai dong 16n hon dong co kich tir song song.

Luu y: Véi cac dong co kich tir song song khi dung dién tré khoi dong
phai nbi sao cho cudn kich tir trong moi thdi gian déu duoc cip dién ap dinh
mirc, dé dam bao ¢ 16n nhat. Néu trong mach kich tir ¢6 dién tré diéu chinh thi
khi khoi dong, dé dién tré nay ngan mach. Trén hinh 1.9 biéu dién dic tinh co
ctia dong co 1 chiéu khoi dong dung dién tré khoi dong (Khi chuyén tir nac dién
tré nay sang nac dién tré khac toc do dong co khong doi).

1.5. PIEU CHINH TOC PQ PONG CO MOT CHIEU

1.5.1. Cdc phwong phdp diéu chinh toc do
Tir biéu thire (3. 5a) ta rat ra nhiing phuong phap diéu chinh toc do sau:
a. Thay doi dién ap nguodn nap.
b. Thay doi dién trd mach réto.
c. Thay ddi tir thong.
1.5.2. Piéu chinh téc @6 bang thay doi dién dp nguon nap.
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Tir (2.18a) ta thay khi cho U = var thi ny = Ci(b =var , néu M, =const

e
thi téc do n = var. Ta diéu chinh dugc toc d6 dong co. Khi dién ap nguén cung
cap thay d6i, cac ddc tinh co song song voi nhau. Diéu chinh tbc do bang thay
d6i dién ap ngudn cung cap chi diéu chinh dugc theo chiéu giam tdc do (vi moi
cudn day da duoc thiét ké v6i Ugp, khong thé tang di€n ap dit 1én cudn day).
Song d¢ lang diéu chinh 16n, con pham vi diéu chinh hep.O hink 1.10 ta biéu
dién dic tinh co cua dong co khi U = var.

n A

NAJ?%
—u
Us
\ Hinh 1.10 Péc tinh co khi thay d6i dién

ap ngudn cung cap

L &4

1.11. Piéu chinh bang thay doéi dién tré mach réto.

Tir (2.7) ta ky hiéu An = M(R; + Ryc) thi khi M = const ma thay d6i Ry,
thi thay doi duogc An (do giam tdc do), tac la thay doi duoc tdc do dong co.
Trén hinh 2.21 biéu dién dic tinh co ciia phuong phap diéu chinh téc d6 bang
thay d6i dién trd roto.

na
No
Nem a  R;+R,=0 ) )
N Hinh 1.11 Diu chinh tdc do
ng C r dong co mot chiéu bang
\ phuong phép thay d6i dién
tré mach r6 to
n,

Phuong phap diéu chinh téc d6 bang thay doi dién trd mach phan ung c6
nhimg wu khuyét diém sau:

Uu diém:

D& thyc hién, von dau tu it, diéu chinh tuong ddi lang

Tuy nhién pham vi diéu chinh hep va phu thudc vao tai (tai cang 16n
pham vi diéu chinh cang rong), khong thuc hién dugc ¢ ving gan toc do khong
tai. Piéu chinh c6 ton hao 16n. Nguoi ta di chimg minh rang dé giam 50% tdc
d6 dinh muc thi ton hao trén dién tré diéu chinh chiém 50% cong suit dua vao.
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Pién tro didu chinh toc do c6 ché do 1am viéc lau dai nén khong dung dién trd
khéi dong (1am viée & ché d6 ngan han) dé 1am dién trd diéu chinh tdc do.
1.5.3. Piéu chinh téc do bang thay doi tir thong.
T biéu thic:
n:U_I-Rt (1.9)
Ced

Khi M, U = const, ¢ = var (thayd6i dong kich tir) thi n ting 1én.
Thay vay khi giam tir thong ¢ dong dién & roto ting nhung khong lam cho tir s6
biéu thirc (3.9) thay d6i nhiéu vi do giam dién ap & R, chi chiém vai % cua dién
ap U nén khi tir thong ¢ giam thi tdc d6 ting. Song néu ta ctr tiép tuc giam dong
kich tir thi t6i mot lac nao dé tde dod khong dugc tang dugc nita. S¢ di nhu vay
vi mOmen dién tu cua dong co cling giam. Phuong phdp nay chi dung trong
pham vi khi tir thong giam tdc d6 con ting. Hinkh 1.12 biéu dién dic tinh co khi
¢ = var.Phuong phéap diéu chinh tbc d6 bang thay do6i tir thong co nhiing wu
khuyét diém sau:

Uu diém: Diéu chinh téc do theo chiéu ting (tir toc d6 dinh muc), rat
lang pham vi diéu chinh rong, ton hao diéu chinh nho, dé thuc hién va kinh té.

Nhuoc diém: Khong diéu chinh duoc toe 46 ¢ dudi toe do dinh mirc.

Do nhing vu diém trén phuong phap diéu chinh toc d bang thay doi tir
thong thudng dugc ap dung hop voi nhitng phuong phap khac nham ting pham
vi diéu chinh.

na4

................... . ¢1>(I)2>(I)3
= Hinh 1.12 Dac tinh co cua

dong co mot chicu kich tir doc
1ap khi thay di tir thong

I\

Luu y: Khong dugce giam dong kich tir toi gia tri khong, vi lac nay may
chi con tir du, toc do ting qua lon géy nghuy hiém cho cac cdu trac co khi cua
dong co. Thuong ngudi ta thiét ké bo dién trd diéu chinh dé khong khi ndo mach
tur b1 ho.

1.5.4 Hé thong may phat dong co
Pé ting pham vi diéu chinh téc do, nguoi ta dung hé théng may
phat dong co dién mot chiéu (finh 2.23).

na
oloXe) ﬁ—{ :1]:: ) =
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Trong hé théng nay ca may phat va dong co déu 1a may dién mot chiéu
kich tir doc 1ap.

Pé thay do6i toc do, trong hé thong may phat-dong co co thé ap dung
phuong phap diéu chinh dién ap ngudn nap (thay d6i kich tir may phat), thay doi
dién tré mach roto déng co va thay doi tir thong kich tir dong co. Hé thong cho
ta pham vi diéu chinh toc do rong, diéu chinh duoc ca 2 chiéu tang va giam, cé
d6 diéu chinh rat lang.

Tuy nhién do sur dung nhiéu may dién mot chiéu nén dau tu cho hé thong
kha dat tién, do do he thong truyén dong dién may phat dong co chi sir dung 6
nhimg noi that can thiét theo chi tiéu chat luong cua hé théng. Ngay nay may
phat dién mot chiéu duoc thay bang bo chinh luu, xuat hién hé thong van-dong
co. Hé thdng duoc cip dién tir ngudn xoay chiéu, c6 tinh chat giémg hé may
phat dong co nhung ré va do tin cdy cao hon.
1.6. HAM PONG CO PIEN MQT CHIEU
Ham ching ta n6i ¢ day la ham bang dién. Trong mot hé théng
truyén dong dién néu chiéu cua momen cua dong co lai trung voi chleu toc do
quay ta c6 ché do dong co, con néu chiéu ciia mdomen va chiéu téc do nguoc
nhau ta c6 ché do ham.
C6 3 ché do ham:
a. Ham dong nang,
b. Ham dong dién nguoc,
c. Haimtra nang luong vé ngudn.
1. Ham dong nang
Pé thuc hién ham dong nang, phan ung dong co dugce ngat khoi
luéi (tiép diém K mé ra, tiép diém K, déng lai) va ndi qua dién tro ham hinh
2.24a.. Di¢n ap bay gio U = 0, do ¢6 dong nang, dong co van quay theo huong
cll, dong phan tng dugc xac dinh:
U-E. E.

’ R
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Nhu vay dong dién doi chiéu, mémen tao ra do dong co cling ddi
chiéu, con toc dd van theo chiéu ci, dong co lam vig¢c & ché do ham. Phuong
trinh toc do ¢ dang:

_MQR-R)

C.C.4*

Trén hinh 2.24b duong 2 va 3 biéu dién ham & ché do dong ning.

Phuong phap him dong ning thudng duge sir dung dé ham dong co
té1 dung may.

A

Ham may phat
+
Ham dong nang
Rﬂﬁ
—1_
E _Ez
4—
K K
i . L1
It JV
L Y Yy 00|
Wit
b
a) -Ng '

Hinh 1.14 Ham dién ¢ dong co dién mot chiéu a)So d6 him dong ning, b) Pic
tinh od-ctia ddﬂg%dﬁm&lﬁ%@w@l@ dd ham
Nguoi ta thuc hién bang 2 cach:

-Pua dién tré ham 16n vao mach réto khi trén truc dong co c6 mdémen
thé ning.

Khi dua dién trd 16n vao mach roto dong phan tmg giam, momen can
trén truc dong co khong d6i (vi du ha hang) lac nay téc do giam cho t6i diém B
dat tbc d6 bang khong. Dudi tac dung cua trong luong (hang hoa) dong co quay
nguoc, dong khong doi chidu, mémen khong d6i chiéu nhung toc do d6i hudng
nén dong co lam viée & ché do ham (doan BC déc tinh 1 trén hinh 1.14b), t6i
diém e toc do roi hang co gia tri khong do1

-D6i chiéu dién ap ngudn cung cap.
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Con phuong phép thir hai thyc hién bang d6i chiéu dién ap nguén cung
cap, dong roto bay gio co dang:
| _(U-E) __(U+E.)
" Ry+Ry R +Rg
Trong biéu thire nay Ry 1a dién tré thém vao dé han ché dong ham. Vi
dong I, ddi chiéu, momen dong co ddi chiéu nhung tdc do chua ddi chiéu, dong
co 1am viéc & ché d6 ham ndi nguoc. Trén hinh 1.14b biéu dién dic tinh co khi
ham ndi nguogc (duong 4, doan df). Toi diém D khi téc do dong co n=0, mudn
dimg may phai ngit dong co ra khoi luoi, néu khong dong co bat dau quay theo
hudng ngugc va tang toc do, dong co 1am viéc & ché do dong co véi chidu quay
nguoc lai. Thuc té phuwong phap hdm niy xdy ra & giai doan dau khi d6i chiéu
tdc do dong co.
3. Hém trd ndang lwong vé nguon
Do mét nguyén nhan nao d6 (vi du trong diéu chinh téc do bang
giam tir thong ta chuyén tir toc d6 cao xudng tde do thap) tdc d6 roto 16n hon toe
49 khong tai, lic ndy B, > U nén: 1, === < 0, dong ddi huong, momen doi
t
hudng, toc do van gitr nguyén chiéu cii, dong co lam viéc nhu may phat, dua

nang lugng vé ngudn. Ta goi d6 13 ché d6 ham tra ning luong vé nguodn (hink
1.14b).

Ché do ham nay rat kinh té nhung khong ham téi dimg may duoc,
chi ham dugc t6i tbe do khong tai thoi.
1.7. Ton hao va hiéu suat may dién mot chiéu
Trong méy dién c¢6 hai loai ton hao:
a. Ton hao chinh.
b. T cfn hao phu

1. Tén hao chinh gom: tén hao co (ton hao & 6 bi, ma sat & cd
gop, ma sat voi khong khi,...).

Ton hao st tir (ton hao do tir trd, ton hao & rang do song bac cao,...)

Ton hao déng trong cudn roto va stato, trong cudn phy, cudn khur,
trong mach kich tur.

Té6n hao ¢ dién tro tiép xtic ctia chdi hay vanh khuyén.

2. Tén hao phu: Xuat hién trong 161 thep va trong dong, no gom
t6n hao dong xoay(dong Fucco), t6n hao ndi can bang, ton hao do phan b tir
truong khong déu, do mat do & dong choi khong déu,...vv.

Hiéu suit cia may tinh nhu sau:

2
="~ .-
P - z Ap
Trong d6 > Ap - tong céc loai ton hao ciia mdy.

) P1 - cong suat vao, P, - cong suat ra
KET LUAN
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Trong chuong 2 di trinh bay vé may phat dong dién mot chidu véi cac
ndi dung phan loai may phat dién mot chiéu, cac dic tinh cua may phat di¢n mot
chiéu, 1am viéc song song cua cic may phat dién mot chiéu.

Trong chuong cling trinh bay dong co dién mot chieeug véi cac ndi dung
sau: dac tinh co cua cac loai dong co di¢n mo chiéu, phuong phap khéi dong,
diéu chinh tbc d6 dong co dién mot chiéu va cac phuong phap ham dog co dién
mot chiéu.

CHUONG 2
MAY BDIEN KHONG DONG BO

2.1 MO DAU

Loai may dién quay c6 cau tao don gian 1a loai may dién khong dong bo (di bo).
May dién di bo co loai 1 pha, 2 pha hoic 3 pha, nhung phan 16n méy dién di bo 3
pha c6 cong sudt tir mot vai oat ti vai me ga oat, co dién ap tir 100V dén 6000V .

Can ctr vao cach thuc hién r6 to, nguoi ta phan biét 2 loai: loai ¢6 r6 to ngén
mach va loai 6 to ddy quan. Cudn day 16 to day quan 13 cudn day cach dién, thuc hién
theo nguyén ly cua cua cuon day dong xoay chiéu

Cudn day 16 to ngan mach gém mét 1ong bang nhoém dat trong cac ranh cua
mach tir 6 to, cudn day ngan mach la cuén day nhleu pha c6 s6 pha bang so ranh.
DBong co 16 to ngin mach cé cdu tao don gian va ré tién, con may dién r6 to ddy quin
dét hon, nang hon nhung cé tinh dong tot hon, do ¢6 thé tao cac hé thong khéi dong va
diéu chinh.

2.2. NGUYEN LY LAM VIEC CUA MAY PIEN DI BQ

Dé xét nguyén 1y 1am viéc ctia may dién di b, ta 14y mé hinh mdy dién 3 pha
gbm 3 cudn ddy dit cach nhau trén chu vi may dién mot goc 120°, 16 tola cudén day
ngan mach (hinh 4.1). Khi cung cip vao 3 cudn ddy 3 dong dién cua hé thong dién 3
pha c6 tan sb 1a f; thi trong may dién sinh ra tir truong quay voéi tbe do 60f,/p. Tir
truong nay cit thanh dan cta 16 to va ststo, sinh ra & cudn stato sdd tu cam e; va &
cudn day ro to sdd cam ung e, c6 gia tri hi¢u dung nhu sau:

E1:4,44W1(I)f1kcd

E2:4,44W2(I)f1kcd

Do cudn rd to kin mach, nén s& c6 dong dién chay trong cac thanh dan cua
cudn diy. Su tic dong twong hd giita dong dién chay trong diy dan ro to va tir trudng,
sinh ra luc, d6 1a cac ngau luc (2 thanh dan nam cach nhau duong kinh r6 to) nén tao
ra md men quay. Mo men quay c6 chiéu day stato theo chiéu chéng lai sy ting tir
thong moc vong voi cudn day. Nhung vi stato gan chit con 10 to lai treo trén 6 bi, do
do r6 to phai quay voi tbc d6 n theo chidu quay cua tur truong. Tuy nhién tbe do nay
khong thé bang tdc d6 quay cua tir trudng, boi néu n= ng thi tir truong khong cit cac
thanh dan nita, do d6 khong c6 sdd cam ung, E,=0 dan dén I,=0 va md men quay ciing
bang khong, 16 to quay cham lai, khi ro to cham lai thi tir truong lai cat cac thanh dan,
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nén lai c6 sdd, lai c6 dong va mo men, 16 to lai quay. Do toc do quay cua r6 to khac
toc d§ quay cua tur truémg nén xuat hién d9 truot va dugoc dinh nghia nhu sau:

s%=""" 1009 (2.1)

ntt

Viy tdc do quay cua 16 to c6 dang:

n= ntt(l'S) (22)
Bay gio ta hdy xem dc‘mg dién trong 10 to bién thién vdi tan s6 nao.
Do n#ny nén (ng-n) 1a tdc do cit cac thanh din r6 to cua tir trudng quay.
Viy tan s6 bién thién cua sdd cam Gmg trong r6 to biéu dién boi:

( tt n) p — & (n'[t n) p — ntt p (ntt )

f,= =sf,
60 n, 60 60 n,

(2.3) ’

Khi 16 to c6 dong I, chay, n6 sinh ra mdt tir truong quay véi toc do:

60f, 60sf,
Ny = = = oy
p p

(2.4)

So vi mot diém khong chuyén dong cua stato, tir truong 1o to s& quay vai toc do :
Nias = NipHN = SNy N = SN+ (1-S)=Ny )
Nhu vy so véi stato, tur truong quay cua 1o to c6 cung gia tri voi toc do quay
cua tu truong stato.

2.3. CAC CHE PO LAM VIEC CUA MAY DPIEN DI BO
May dién di bo c6 thé lam viéc ¢ nhiing thé loai sau:
1. Dong co

Ché @6 chung ta vira nghién ctru trén 1a ché d6 dong co cua may di bo. O ché do
nay dong co nhan dién nang tir ludi dién va bién thanh co nang dé chuyén dong
mot co khi gin trén tryc dong co (tai). Pong co co toc do ‘quay nho hon toc do tir
truong, quay cung chiéu voi tir trudng. S& ban k§ hon ché d6 nay & phan sau.

2.Ché dg may phat

Van v6i moé hinh may dién di bo trén, néu bay gio gan vao tryc may dién mot
may lai ngoai (vi du dong co di-e-zen) va quay r6 to voi toc d6 n cung chiéu tir trudng
nhung c6 gia tri 1én hon tbc do tir truong, thi thir ty cat cac thanh dan cua rd to s&
nguoc voi tht ty cat vira nghién ciru. Sdd cam tng trong cac thanh dan doi chiéu, dong
dién ciing d6i chiéu, trude day chay tir ludi vao may dién thi by gio dong dién chay tir
may dién vé ludi dién. Ta c6 ché 46 may phat. Do trugt bay gid tinh nhu sau:

n,—n

s=-1—<0 vi n>ny .
n
tt

3.Ché d¢ mady ham

Néu bay gio c6 mot Iyc tir bén ngoai, kéo ré to may di bd quay ngugc véi chidu
quay cua tur truong, do hudng cua tir truong quay khong d6i nén hudng cua sdd va
dong dién trong cac thanh dan r6 to khong d6i chiéu, nén mé men khong ddi chleu
nhung do 16 to ddi huéng quay nén biy gid mé men do dong co sinh va toc do
nguoc chiéu nhau, ta c6 ché d6 hdm dién. Vi n = -n nén bay gio do truot co gia tri:
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- ntt_(_n) >1

ntt

4.Ché dg bién ap
Néu méy dién di bo 6 to ddy quin dé hé cudn day ro to, thi khi cdp dién cho mach

stato, tir trudng quay stato cit cic cudn day ro to va sinh ra sdd trong cac cudn diy
theo nguyén tac cua may bién ap. Gia tri hi¢u dung cta cac sdd nay nhu sau:

El:4,44kcd1¢W1f1 (25)
E2>=4,44K 4,0 W-f,
Trong do kg1 va keg 13 hé $b cudn day phia so cép va tht cép.

Vi mach r6 to hd, nén khong c6 dong chay va khong c6 moé men. May dién di bo
1am viéc nhu may bién ap.

Néu ta khép mach 16 to, nhung gitr cho 16 to khong quay thi tan sb cia sdd
cam Ung trong mach 16 to f]_—fg, ta van co che d6 bién ap. May di bo c6 16 to khong
quay lam viéc nhu may bién ap, trong thuc té duoc dung nhu bd dich pha hoac bd
diéu chinh dién ap. Tuy nhién can luu v, khi 6 to dong co khong quay, may dién bi
d6t nong do phuong phap 1am mat bi thay doi va ton hao & 15i thép ting dot ngot vi
do truot tang (s=1). Luc nay thuong phai giam dong bang giam dién 4p. May di bo
lam viéc nhu may bién ap, nén ¢ thé cap nguon tir phia ro to. Cac loai ché do lam
viéc cua may dién di b biéu dién trén hinh 2.1

. Mayham, Pongco |, Mayphat n
I_nl IOV Inl |2n1'
S < | Bien dp  Khong tai |
< 12 1 0 -1

Hinh 2.1 Cé4c thé loai ché do 1am viéc cua may

2.4. MAY PIEN DI BO LAM VIEC VOI RO TO HO

May dién khong dong b c6 16 to ho, chi c6 ¢ loai may dién di b r6 to day quan.
Vi may dién nhiéu pha c6 dic diém 1a cac pha d6i xtmg, do d6 chi can nghién ctiru
mot pha cho may dién nhiéu pha. Dé don gian cho nghién ciru gia thiét rang su
phan bd cua tir truong ¢ khe hd khong khi ¢ dang hinh sin, c6 nghia 1a b6 qua céac
song bac cao. Trong truong hop ndy, dong dién va dién ap duoc xac dinh bing gia
tri hiéu dung, con gid tri std va tir thong 1a gia tri bién do.

Khi 16 to hé, dong 16 to bang khong, r6 to khong quay. May dién di b6 hoan toan
nhu mat blen ap, trong do phia so cap la stato con phia thur cap 1a 16 to.

Khi cung cip cho 3 cudn day bang 3 dong dién cua hé théng 3 pha, thi s& co tur
truong quay. Tur truong quay cat cac thanh dan stato va rd to tao ra sdd cam ing e,
va e, theo nguyén tic ciia may bién ap, gia tri hiéu dung ciia chiing biéu dién bang
biéu thirc (2.5).
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Nhu ¢ may bién 4p, ngoai tir théng chinh con co tir thong tan, lién quan vai nd 1a
X1(X1=wLy). Dién tr¢ thuan cudn day stato la Ry, vay phuong trinh can bang sdd &
ché dg nay nhu sau:

01 = —|.E1+ |.10R1+ J ilo Xl
(2.6)

Hay

01=—|.E1+i10 Z, (268.)
Trong d6 Z,=R, + jX;-1a téng tré mach stato.

Can luu y rang khe ho khong khi cia may dién di bo 16n hon cia may bién ap (vi o
may bién ap khe hé chi 1 chd tiép xuc cua cac 1a thép) nén dong khong tai cia may
bién ap nho hon dong khong tai ciia may dién di bo rat nhidu, cu thé dong khong tai
clia may bién ap c6 gia tri Ig = (0,3-0,1) 41, cOn dong khong tai cua may dién di bo
c6 gia tri I;=(0,3-0,5)l4m (56 to cho may cong sudt nho, sé nhé cho mdy cong suit
16n). Pé giam dong khong tai & may dién di bd ta giam khe hd khong khi toi mirc
c6 thé.

Do dong 1,=0, cong suat nhan vao bay gio chuyén ca thanh ton hao & phia so cip
nghia la:

P10=APcy1 + APgep (2.10)

Trong d6 AP¢y;=R4l 102 1a ton hao d@)ng cudn day so cép, APg; 13 ton hao 15i thép
phia stato.

Hé sd bién ap cua may di bo tinh nhu sau:

E1 _ kcdl4’44W1 f1¢ _ kcd1W1

“TE, k444N, f ¢ kW,
(2.11)
Do thi véc to ctia may di bd & ché d6 nay gibng nhu may bién ap.
2.5.DONG CO DI BO CO RO TO QUAY.
2.5.1 Phwong trinh cdn bang sdd

Khi cap cho stato may dién di b6 mot dién ap U, (v61 may di b 16 to day quan
cudn day phai dugc ndi tit lai voi nhau, hodc ndi qua cac dién tré ngoai), thi trong
10 to c6 dong dién chay (I,0), s& 1am xuit hién mod men quay va quay 16 to voi toe
do n <ny .

Sdd cam g trong cudn day stato va trong 16 to biéu dién bang biéu thirc sau:
E1=4,44K 4, 0W, T,
E,=4,44K 4,0 W,
Ky hiéu Ey= 4,44K.dW,f, ddng thoi luu y f,=sf; ta co:
E.0=SE; (2.12)
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Bay gio trong may dién c6 2 tir truong quay: tur truong quay do stato sinh ra va tir
treong do 6 to sinh ra. Hai tir trudng ndy tac dong 1én nhau dé tao ra mot tir trudng
téng nhu trong may bién ap.

Ttr truong do dong I, sinh ra cling gém tir thong chinh va tir thong tan. Tir thong
tan gay ra trd khang X,=ol,. Néu goi dién tré thuin cia 16 to 1a R, ta c6 phuong
trinh can bang sdd & mach r6 to nhu sau:

é2:i2R2+ji2X2 (213)
Hay
Ex=27,1 (2.13a)

Trong d6 Z,=R, + jX,-la tong trd mach 1o to.

Phuong trinh cin bang phia so cip Yén la (4.6) va (4.6a). Vay cac phuong trinh
(4.6) va (4.13) la phuong trinh can bang dién ap khi dong co di bo 6 16 to quay.
Cu thé 1a nhitng phuong trinh sau:

01=—é1+i10R1+ji10 X, (2.13)
|.E2 = iz R2+ji2 X2 (2133.)
Tir (2.13a) ta co thé tinh dong I, theo biéu thirc:
o2 (2.14)
JRZ + X2
2.5.2 So do twong dwong

Gidng nhu & may bién ap, khi phan tich may dién di bo nguoi ta ciing dung so do
twong duong ma khong dung may thyec.

Khi dong co di bo khong quay, no la mot blen ap ngan mach phia thir cp, tan s6 &
stato bang tan s6 & r6 to. Khi rd to quay tan sd phia so cap va phia thir cap khac

nhau. Pé s6 thé sir dung so d6 tuong duong cua may bién ap, phai bién doi dé tan
s6 ctia 2 phia bang nhau. Mudn thé ta thuc hién mhu sau:

Taco: X, = (L)Ltz :ZTszLtz :ZTESflLtZ
Dét X20:27'Ef1|_t2

Vﬁy XZZSXZO (215)
Thay (2.12) va (2.15) vao (2.14) ta dugc:
SEZO _ E20

(2.14a)

\/Rz +(SX20) \/(Fse) +(X20)2

2

Do Xy va By ¢6 tan sb 1a f; nén dong stato va dong 16 to c6 cung tan s6 f;. Theo
(4.14a) mach r6 to c¢6 thé bi€u dién nhu hinh 4.2.
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X20

R, Hinh 4.2 So d6 twong dwong mach 1

E20 _£ _ \ , . N 3 14
T f,=f,=const § to ¢d tan so6 dong dién bang tan so6 dong

Tuy mach rd to d3 c6 tin s6 bang tan s stato, nhung chiing ta chua thé ndi mach ro
to v&i mach stato vi gié tri di€n ap mach r6 to con khac voi mach stato. Bé cho dién
ap phia r6 to bang phia stato giong nhu bi€n ap, ta thuc hi€n tinh qui doéi theo
nguyén tac cua bién ap. Cu theé:
-Dién dp qui doi:

KW,

E’5= Ei= 444K Wi ofy= K Ep = —2L
2 1 cdl 1(|) 1 uk-2 kaWZ

E, (2.16)

-Dong dién qui doi:
Gia tri dong qui d6i duoc tinh dua trén nguyén tic dam bao su khong doi vé cong
suat tdc dung, tirc la:

m,l 2E2COS(p2: m;I’,E’»,C0S@,

Tur day ta co:

: _mzlez _m2kcd2W2 | =
= = , =

I2 ' ki |2
mlE 2 mlkcdlwl

, mk_,,W m \ <1y LA A A \ A
Trong d6  k, =——9L =Lk va goila hé so truyén dong dién
m2kcd2W2 mZ

-Dién tré qui doi:
Qui d6i dién tré dua trén co so bang nhau vé ton hao, vé cong suit tic dung, cu thé:
m2| ; R2: mj_I, ; R’z do do:
m 1 m
Rz, =1 I_-22 2 :m—l kiszzkukiRz . TlIOHg tu: X2: kukiX2
2 2 2

Ta c6 so d6 twong duong nhu sau:

o—>— | —p>
I4 R, |
U, R> a)
)
[ 4
e - —
Il Rl I 2
A




Hinh 4.3a 1a so dd song song. Vi R’,/s= R’,+R’,(1-s)/s nén ta co thé chuyén so do
hinh 4.3a sang hinh 4.3b. So d6 hinh 4.3¢ 1a so d0 hinh chit T, d6 13 so d6 duoc
dung nhiéu hon, con so dd song song duoc dung nhiéu ¢ may bién ap. Do Z,=
R, + jX, rat nho nén co thé nhan Ey=U; va duoc so d6 hinh 4.3d, mat khac dé dong
kich tir khong d6i dua thém Z; vao mach dong Iy. Dién trd R’,(1-s)/s goi la dién trd
gia dinh.

Tir so d6 tuong duong ta c6 phuong trinh can bang ciia may dién di bo & ché do ro
to quay (co tai).

Ui=-Ei+lwR + jlw X,
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=1 -1, (2.16a)
|.Ez = iz R',+] |.'2 X't |.'R'21_—S
s
Dé thuan tién cho doc gia khi tham khao cac sach khac, tir diy tr& di thay
XZO,ZXZ’.

DO thi véce to clia dong co di b khi rd to quay bicu dién trén hinh 4.4. Cach dung
giong nhu & may bién ap.

Hinh 2.4. D6 thi véc to may bién ap

2.6. DPAC TINH CO CUA DONG CO KHONG PONG BO

2.6.1 Thong ké ndang lirong cia dong co
V& nguyén ly, may dién khong ddng bo co thé lam viéc nhu may phat dién hoic
dong co khong dong bo. O ché d6 lam viéc dong co, nang lugng dién dugc cung
cap tu ludi dién va chuyén sang ro to bang tur truong quay. Dong néng luong dugce
biéu dien nhu sau:
-Cong suat nhan tir udi dién:
P1=m1U1I1COS(p1 (217)
O stato, ning luong bi mit mot phan do tén hao & dién trd cudn day (APcy) va
trong 151 thép (APre;). VAy cong suat dién tir chuyén tir stato sang ro to nhur sau:
P\V: Pdt: Pl'APCul'APFel = Pco + Pe (2.18)
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Trong d6 APcy=msl 12R1, APFel=m1IFE2RFe. Tén hao thép phu thude vao tan s6. Ton
hao 161 thép phia r6 to bé qua, vi khi lam viéc dinh murc tan so6 f, = (1 - 3)Hz.

Cong suét dién tir chuyén sang rd to trong so do twong dwong chinh 13 cong suit
sinh ra ¢ dién tré thuan R,’/s.

Pyu=myl, 2R = myl 2Ry myl, 2Ry 178 (2.19)
S

S
Thanh phan thtr nhét 13 ton hao dong ¢ cudn day rd to:

APcyp = mll R2 = 1’112| R, (220)

Phén c6ng suét con lai duoc chuyén sang céng co hoc trén truc dong co viy:

Peo=mul, 2Ry’ 1S =my12R, 128 (2.21)
S S

Cong suit co dugce chuyén sang cong suét hitu ich P, va ton hao co céc loai (AP¢)
nhu: ma sat 6 bi, quat gi6, ma sat ro to véi khong khi v.v. ngoai ra con ton hao phu
do song bac cao, do mach tir c6 rang (AP,). Ton hao phy rat nho (AP,=0.005P;).

Viy cong suat hitu ich tinh nhu sau:

P2:Pc0r - APCO - AI:)p (222)
Tong ton hao ciia dong co o gia tri:
AP = APCU1+APFQ1 +APCU2+APCU +App (223)
Hiéu suét cua dong co:
P, P-AP AP
T‘l = £ = =] — ——
R R R
(2.24)
So dd nang lugng ciia may dién di bod biéu dién trén hinh 9.7
APC 1 P
’ /é e APCu2 P P
tru:orng APc+A
/ L a

* P1 Pa

> P,

Hinh 4.5 So do nang luong cua dong

2.6.2 M6 men quay (mo6 men dién tw) cua dong co di bo.

O ché d6 on dinh md men dién tir do may sinh ra cdn bang m6 men can cua dong
co M; va m6 men khong tai My: M=M,+M;,. M6 men dién tir ciia dong co co thé
tinh qua cong suat dién tur Py, theo cong thuc:
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M= (2.25)
W,
; 2 .
O day o, = 2;181 . 2, la toc d§ gbéc quay co cua tu truong quay.
P p
Thay cong suat dién tir (4.19) vao (4.25) ta dugc md men dién tir:
M=PM 2 Re (2.26)
o, s

Bi€u thirc m6 men di¢n tir cia may dién khong dong bd con céd thé nhan dugc &
dang khéc nhu sau:

Thay vao (2.26) gia trj cua I,’ bang biéu thuc (2.14a) va luu y¥ E’, co gia tri nhu
(2.14b) con coso, tinh tir d6 thi véc to (hinh 2.3), biy giod m6 men c6 gia tri:

Ta nhan duoc:

M= pm, EZS . 2 & — 4’44kcdg/\7§a)l flml p I,Z(I)COS(PZ (226&)
P R 4x S 1
Hay: M = kI’,pcosop; (2.26Db)
, 1-5s
RZ + R2 ? R2

trong do :cos g, =

o\2 | - 2 2
\/(R'Z+R'21 s) X \/R2 +X,s
S

. a N N Y N 4,44k W @, M
c6 dang ciia mé men may dién dong mot chiéu, trong do k = °d12 1P
7T
Chung ta con c6 cach khac dé tinh mé men dién tir ctia miy dién khong dong bo.

Trude hét tinh dong I,”. Ta dung so d6 twong duong gan ding (hinh 2.3¢). Theo so
d6 ta co:

I = Y 2.27)

\/{Rl +F§jz + (X, + XY

Thay vao (4.26) ta duogc:

pm, K R,

) "2 5
‘ (R1+R2J +(X, + X))

(2.28)

S

Day 1a biéu thirc mo men di¢n tir cua may dién khong ddng b, cb gia tri do bang
[Nm], muon do bang [KGm] phai chia cho 9,81.

2.6.3.Dac tinh co cua dong co khong dong bo ba pha.
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bac tinh co dugc dinh nghia la mbi quan h¢ ham gitra tdc do quay va mo men dién
tr cia dong co n=f(M).

Pé dung duoc mbi quan hé nay, trudc hét ta xét cong thirc (2.27) 1a mdi quan hé
M=f{(s) va duoc goi 1 dic tinh toc do cua dong co. Tir biéu thire nhan thiy mbi
quan h¢ gitra mé men va do trugt 1a moéi quan hé phi tuyén. B¢ khao sat ching ta
hay tim cuc tri .
Dé tinh cuec tri can tinh dao ham cta md men theo do truot rdi cho béng khong:
oM _
ds
Tt (4.29) tim dugc do truot tdi han c6 gia tri sau:
_ R,
R, + (X, + X3)

(2.29)

(2.30)

Sth
O day sy-la do truot to1 han, tic 1a gia tri do truot ¢ do xudt hién mo men cuc dai
va cuc tiéu.

Thay sy, vao (4.28) nhan duoc:
3puU;

M =+
2(0{R1 + R+ (X, + X'z)z}

max

(2.31)

Dau “+” cho ché do dong co, con dau trir cho ché do may phat. bé dung dac tinh

M=f(s) nhan thay, khi s nho thi R, +& >> X;+X’, do d6 ¢o thé bo qua X;+X’, ta
S
c6 moi quan hé tuyén tinh (hinh 4.6), con khi s 16n thi R, +& << X;3+X’,, nhan
S

R, +& = 0, ta dugc M=K/s, la mdt duong hypecbon (hinh 2.7). BPuong M={(s) la
S
duong 3 trén hinh 4.6.

Giira M va do trugt con c6 thé biéu dién boi biéu thic sau:

M =M (2.32a)
S . Sm
Sy S

=< Q—=- = Sm —

o . P
Mav | « DOng J_ May »




H¢ s6 qua tai 1a ty s6 gitra m6 men cyc dai doi voi mo men dinh mirc :

M max
ke = v (2.32)

Bay gid xét anh huong cua mot s6 thong s6 cua may 1én moé men dong co:
-Anh hwong cua sy thay doi dién ap mang cap U,

Tir bicu thire (2.28) va (2.31) thay khi dién 4p U, giam thi m6 men cyc dai va mo
men giam theo ty 1€ binh phuong, diéu do rat dé lam cho dong co dung dudi
dién.(hinh 2.7)

"'t ' Ru<Ru<R
Mmax _______ ! U Mmax ________ ._._:!-}._._.1_2. ._.];3.)_
N /NN \R
Miax|-.- L. U /> : 1
max : 2 U1>U2>U3 : : I
Minax|--£/-- 5 /o i Ry
Vs NG
Sth Sth1Sth2  Sth3
Hin 2.7 Anh huéng cia dién 4p ngudn nap Hignh 2.8 Anh hudng cia

dién tro ro

Khi thay d6i dién tr& X & mach stato, hiu qua nhu giam dién ap ngudn vi dién ap
dat 1én dong co bang dién ap nguodn trur di do sut ap trén dién tro X.
Trén hinh 2.8 biéu dién su thay d6i ciia mé men khi thay doi dién tré 16 to dong co.
Khi thay d6i dién tro R’; s€ lam thay doi do truot téi han, nhung khong thay doi
mo men cuc dai (2.31).

34



Ddc tinh co:

Pic tinh co 1a moi quan hé ham gilia m6 men va tde do M=f(n). Pé c6 duge dic
tinh co ta dya vao dac tinh M=f(s) va mé1 quan hé:

n=ny(1-s) (2.33)

Cho s nhing gia tri khac nhau ta c6 gia tri cua n, tr (4.28) tinh M, lap bang mbi
quan hé n=f(M) r61 dyng d6 thi moi quan hé nay hinh 2.9

Na
No

Ny
t Hinh 2.9 dac tinh co dong

J JC My M
M6 men khoi dong

Tiur h.2.9 théy: dac tinh co chia lam 2 doan: doan a-b va doan b-c. Poan ab la doan
lam viéc on dinh, vi trén doan nay mdi khi ché d6 on dinh cii bi pha v& thi n6 lai
thiét 1ap ché do 6n dinh méi. Trén doan b-c ta khong c6 dugc tinh chat d6. Co 2
ché do dac trung:

-Khi M=0 thi ¢6 n=no (N~ 1a toc do khong tai co gia tri bing toc d tir truong
quay). Che d6 nay thuc té khong co, de nghién ctru phai gan may lai ngoai voi
dong co r0i quay 10 to véi tbe do bang toe do quay cia tir truong. Goi ché do nay 1a
ché do6 khong tai Iy tuong.

-Khi n=0. Pay la ché d6 khi vira dua dong co vao ludi cung cp, dong co chua kip
quay, goi la ché dg khéi dong , rng voi ché do khéi dong c6 mo men khoi dong.
Ngoai ra dong co con cé toc do n=0 trong truong hop dong co khong lam viéce,
khong co6 dién &p cung cap cho stato. Luc nay khong co6 gi xay ra, ta khong ban téi.
2.6.4 Dac tinh co tu nhién va dac tinh co nhan tao
Pc tinh co tw nhién: 1a dac tinh co duge xay dung khi cac thong sd ctia may nhu
dién ap, dién tro, tan so co gia tri dinh mirc.
Ddc tinh co nhdn tgo la dac tinh co khi c6 mot trong cac thong sb trén thay doi,
cac thong so khac khong doi. Trén hinh 4. 10 bi€u dién dic tinh co cho cac trudong
hop thay doi dién ap, thay do6i s6 doi cuc, thay doi tan s6 nguon cung cap va thay
doi dién trd ro to.

Na r]‘
No1

No2 3 2p




Nhan xét:
-Khi U;=var thi m6 men cuc dai thay doi,
-Khi thay déi sb d6i cuc, tbe d6 khong tai thay ddi, mé men cuc dai ciing thay doi.

-Khi thay doi tan sd, toc do khong tai thay doi, & pham vi f=f4, néu diéu chinh tan
s6 theo nguyén tac Uy/f;=const thi mé men cuc dai khong d6i, con & ngoai pham vi
trén mic dau diéu chinh tin sé theo nguyén tic Uy/fi=const vin 1am cho mé men
cuc dai giam.

-Khi thay d6i dién trd 16 to thi mé men cuc dai khong thay doi.
2.7 Khéi dong dong co khong dong bd
2.7.1 Khoi ddng tryc tiép

Khoi dong 1a qua trinh dua dong co dang ¢ trang thai nghi (dimg im) vao trang thai
lam viéc quay voi toc d¢ dinh mirc.

Khéi dong truec tiép, 1a dong dong co vao ludi khong qua mot thiét bi phu nao.
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Viéc cap mot dién 4 L ap dinh mure cho stato dong co di bo r6 to 16ng s6c hodc dong co
di b6 ro to day quin nhung cudn day ro to noi tat, khiré to chua kip quay, thuc
chat dong co lam viéc & ché do ngin mach. Dong dong co rat 16, c6 thé gap dong
dinh mirc tir 4 dén 8 1an. Tuy dong khoi dong 16n nhu vay nhung mé men khoi
dong lai nhé do hé s6 cong suat cos@g ratnhd (cosgg = 0,1-0,2), mit khac khi khai
dong, tr thong cling b1 gidm do dién 4p giam lam cho moé men khé1 dong cang
nho.

Dong khéi dong 16n gay ra 2 hau qua quan trong:
-Nhiét d¢ mdy tang vi ton hao 16n, nhiét lvgng toa ra & may nhiéu, dic biét & cac
may cd cong suat 16n hoac may thuong xuyén phai khoi dong.
Vi thé trong so tay k¥ thuat ctia may dién bao gio ciing cho s 1an khéi dong tdi da,
va diéu kién khoi dong.
-Dong khoi dong lon 1am cho sut ap ludi dién 16n, gay trd ngai cho cac phu tai
cung lam viéc véi ludi dién.
Vi nhiing 1y do d6 khoi dong truc tiép chi ap dung cho cac dong co co cong suat
nho, va khoi dong nhe tire 1a khi mé men can trén truc dong co nhd. Khi khoi dong
nang khong dung duogc phuong phap nay.

2.7.2 Khoi dong dung phuwong phap giam dong khoi dong.
Dong khéi dong ctia dong co xac dinh bang biéu thuc:

ey = g = Y, (2.34)
JR +R,)Z + (X, + X,)?

Ttr biéu thirc nay thy dé giam dong khai dong ta co cac phuong phép sau:
-Giam dién ap ngudn cung cap;

-Dua thém dién tré vao mach ro6 to (déi vo1 dong co di b r6 to day quén);
-Khoi dong bang thay doi tan sd;

-Khoi dong bang phuong phap kiém tra dong khai dong, goi 1a phwong phéap khai
dong mém.

2.7.2.1. Khéi déng dong co di b 16 to day quan
Véi dong co di bd 16 to ddy quan dé giam dong khoi dong ta dua thém dién tré phu
vao mach 16 to (H.4.11). Luc nay khdi dong dong co ¢ dang:
Ul

l, =
JR R, +R,)? +(X, + X,

(2.35)

Viéc dua thém dién tré phu Ry vao mach r6 to ta duoc 2 két qua: giam dong khoi
dong va tang mo men khoi dong.

O phuong phap nay néu chon dién tré R, thich hop ¢6 thé dat duoc mé men khai
dong bang gia tri mo men cyc dai hinh 2.11b.
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AN
\ [ ] \ [ ] \ I nol RZ
Dién trd phu
R’;+Ryp
Chdi than |\4
M nin / Mmax
Vanh tryot P _
Mid=Mma
a) b)

Hinh 2.11 Khoi dong dong co di bo 16 to diy quan a) So dd, b) dic

Khi méi khéi dong, toan bo dién tré khédi dong duge dua vao 16 to, cung
voi tang toc do ro to, ta cling cat dan dién tré khdi dong ra khai 16 to dé khi toc do
dat gia tri dinh muec, thi dién tré kho1 dong cling duoc cat hét ra khoéi ro to, 6 to
bay gio la r6 to ngan mach.

2.7.2.2. Khoi dong dong co di b ro to ngcfn mach

V61 dong co 16 to ngafm rqach do khong thé dua dién trd vao mach 16 to nhu dong
co di b 16 to day quan dé giam dong khdi dong ta thuc hién cac bién phap sau:
-Giam dién ap

Dung cac phuong phap sau day de giam dién ap khoi dong: cugn khang, bién dap tu
ngadu va doi noi sao-tam gidc. So dd cac loai khoi dong nay biéu dién trén hinh
2.12

Dic diém chung ciia cac phuong phap giam dién 4p 1a cung véi viéc giam dong
khoi dong, mé men khoi dong cling giam. Vi m6é men dong co ty 1¢ voi binh
phuong dién ap ngudn cung cap, nén khi gidm dién &p, m6é men giam theo ty 1€
binh phuong, vi du dién ap giam +/3 1an thi m6 men giam di 3 lan.
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Doi ndi sao tam giac chi thye hién dugc voi nhimg dong co khi lam viéc binh
thudng cudn day stato ndi tam giac. Do khi khéi dong cudn day stato ndi sao, dién

ap dat 1én stato nho hon /3 1an, khi chuyén sang ndi tam giac, dong dién giam /3
lan m6 men giam di 3 lan.

Khi khai dong bang bién 4p, néu hé s6 bién ap 14 k, thi dién ap trén try dau day cta
dong co giam di k, 1an so v&i dién 4p dinh mire, dong khéi dong giam di k,, mod
men khéi dong s& giam di k,” 1an. T4t ca cac phuwong phap khoi dong bang giam
dién 4ap, chi thuc hién dugc ¢ nhitng dong co c6 khoi dong nhe, con dong co khaoi
dong ning khéng ap dung duoc, nguoi ta khéi dong bang phwong phép ‘nhém’.

! 3 l
P ° o

= 2 \

-~
L~

]

L= Y
|

)
/

) A C W
b)
Sao

Hinh 2.12 Cac phuong phap giam dién ap khi khoi dong dong co di bg a) Dung
cudn khang, b) Dung bién 4p tu ngiu; ¢) Dung d6i ndi sao-tam giac.

-Khéi ddng bang phirong phdp tan sé.
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Do su phat trién ctia cong ngh¢ dién tir, ngay nay nguoi ta da ché tao dugc cac bd
bién tan c6 tinh chit ky thuat cao va gia thanh re, do d6 c6 thé 4p dung phuong
phap khoi dong bang tan so Thuc chét caa phuong phap nay nhu sau: Dong co
dugc cap dién tir bo bién tan tinh, luc dau tan s6 va dién ap nguon cung cap co gia
tri rat nho, sau khi dong dong co vao ngudn cung cap, ta tang dan tan sb va dién ap
ngudn cung cap cho dong co, tbe do dong co tang dan, khi tan sé dat gi tri dinh
mirc, thi tc d6 dong co dat gia tri dinh mtrc. Phuong phap khoi dong nay dam bao
dong khoi dong khong vuot qué gia tri dong dinh muec.

2.7.2.3 Khoi dong dong co co ranh sau va dong co 2 ranh.

Nhu ching ta di biét khoi dong dong co di bo bang dwa dién tré vao mach r6 to 1a

tot nhat, nhung vd1 dong co di bd r6 to 16ng soc thi khong lam di€u d6 dugc.

Tuy nhién c6 thé tao hiéu ung nhu dua dién tré phu vao mach r6 to dong co léng

soc bang dong co ¢d sau tao rd to dac bi¢t : dong co ranh sau va dong co 2 ranh.
a. Pong co ré to long séc 2 ranh.

Dé cai thién khoi dong dbi véi dong co di bo léng soc, nguoi ta ché tao dong co

long soc 2 ranh: ranh cong tac lam bang vat liu binh thudng, con ranh khoi dong

lam bang dong thau la kim loai c6 dién tr¢ ri€éng 16n (Hinh 2.13). Tt hinh vé thay

rang, d¢ dan tr cua

An
— Nn
h1 /
A
3
hl\l 1
ZN ) 2
M
0
Hinh 2.13 Dong co 16 to 16ng so¢ 2 Hinh 2.14 bdc tinh co cua dong
ranh co di

tur thong tan ranh dudi 16n hon ctia ranh ngoai (trén). Nhu vay tré khang ctia
cac ranh nay rat khac nhau: tré khang cua ranh dudi 16n hon tré khang cia
ranh trén rat nhiéu. Khi méi bat dau khai dong (s=1) trd khang cua ranh
dudi 16n, nén dong dién bi déy 1én ranh trén, dong di¢n chay trong nd nhd. O
ranh trén tré khang nho nhung dién trd thuan lai 16n, két qua 1am cho dong
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khoi dong nhé - d6 1a hau qua cia viéc dua thém dién tro vao 1o to. Khi toc
do 10 to tang 1€n, s giam di, tr¢ khang ranh dudi giam, dong dién lai chay tur
ranh trén xuong ranh duoi. Khi toc do dat gia tri dinh mure, thi dong dién
chay chil yéu & thanh dué6i, dong ¢ thanh trén rat nho.

Nhu vay thanh trén chi hoat dong khi kho1 dong nén dugce goi 1a thanh khoi dong.

Pé xdc dinh dic tinh co cua dong co 2 ranh, gia thiét rcing 2 ranh hoat dong doc lap

voi nhau. Ranh trén co dién tro lon nén dac tinh co la dac tinh 1 (hinh 2.14, con ranh

dudi ¢6 dic tinh co nhuw dwong 2. Tong cia 2 ddc tinh la ciia ddng co 2 ranh (dwong
3).

a. Pong co ré to long séc ranh sau[1].

Pong co ranh siu c6 cau trac khac voi dong co ranh thuong. Chiéu cao h ciia rinh
dong co ranh sau thuong gap 15-20 lan chiéu rong cua ranh (hinh 4.15). Ranh c6
nhiéu dang khac nhau: Chir nhat, hinh thang hay tron dudi, trén chit nhat...

b . 7y
TR “
N \
! ! \
ii:l_:_:'::::::::ll_:ii \\
v - \
Prizzzzozzzizol \\ > ¥ >
J
a) b) M

Hinh 4.15 a)Ranh ctia dong co léng soc ranh sau; b) Sy phan bd d6 dan
tu theo chi€u cao ranh, ¢) P phan bo mat do dong dién theo chiéu cao

Dé nghién ciru tinh chat ctia may dién rinh siu ta chia ranh ra timg 16p véi chiéu
cao h;. Do trong ranh ¢6 nhom, nén d9 dan tir thong tan quyét dinh boi do dan tur
trong ranh.

Do dan tir cua 16p 1 biéu dién bai:

o

. =ch,
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Lép k tinh nhu sau:

I

Trong d6 1-d¢ dai 15i cta 16 to. Tir biéu thic nay ta thiy ring, 46 dan tir thong tan
16n nhat ¢ 16p dudi cung, con nhd nhat & 16p trén cung. Tré khang tan ciia mo1 16p
xac dinh nhu sau:

Xk:(’)zl—k :Ckkfz (236)

bén day, co thé noi vé su phan bd mat do dong dién theo chiéu cao cta thanh dan.
Gia tri dong dién chay trong mdi 16p phu thudce vao dién ap va tdng trd ciia mdi
16p. Do sdd cam ting boi tir thong chinh trong cac 16p nhur nhau do d6 su phan b
dong dién cac 16p phu thude vao tong tro cua 1op. Khi dong co moi dong vao ludi,
tan so f,=f; nén Xy 16n hon Ry rat nhleu nguoc lai khi 16 to quay véi toc do gan
bang tbc do dinh mirc thi tan sb £, rat nho nén X <<Ry. Do d6 khi méi khai dong,
dong dién chay trong cac 16p duéi rat nho, nguoc lai khi rd to quay véi toc do gan
dinh mirc thi dong dién chay & 16p trén rat nho. Su phan bd do dan tir va mat do
dong dién biéu dién trén hinh 2.15b va 2.15c¢. Ta thay c6 hién tugng day dong lén
16p trén, do d6 dong khoi dong nho, gidng nhu dua dién tré ngoai vao mach ro to
(vi dong dién b day 1én 16p trén dién tich dan nho, nén dién tré 16n). Nhu vay khoi
dong vai dong co ranh sau mo men khoi dong 16n (Mg =1,2-1,6)Mgp,.

=ch,

Trén hinh 2.16 biéu dién dich tinh md men va dong dién cua dong co ranh sau, con
trén hinh 2.17 biéu dién dic tinh co cta 3 loai dong co : day quin, 1ong soc thudng
va 1ong soc rinh siu.

Do ddng co 16ng soc rinh sdu c6 md men khai dong 16n nén né duoc dung cho céc
hé truyén dong co6 khoi dong nang vi du: can cau. So voi dong co di bo 6 to day
quén, thi dong co 16ng séc ranh sdu ¢ cdu tao nhe hon, ré tién hon.

AM I AN
1
2 1
3
n M

Hinh 2.16 Dac tinh co va dac Hinh 2.17, Déc tinh co cua dong co di bo 1)
tinh dong dién cua dong co ranh Pong co day quan, 2) Pong co 16ng séc

sau thuong, 3)Pong
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Khéi dong mém

Trong nhitng ndm gan ddy dé cai thién khoi dong dong co di bo 16 to 16ng
soc , ngoai phuong phap khoi dong tan s6 con ap dung phuong phap khoi dong
mém.

Ban chit ciia phuong phap khéi dong mém 1 kiém tra dong khoi dong khi
thay d6i dién ap. Dé thyc hién duoc diéu ndy ngudi ta tao mot mach diéu chinh kin

nhu hinh vé 4.18 3~
B6 didu Bo dié“I I I
chinh ap
VA
H.2.18. So d6 mach khai - g T
dong dong co di bo 16ng soéc Xung
bang khai dong mém Do dond]

Dong khoi dong Ixg duge do tir may so sanh voi dong dat Irr, néu I
Ag # 0, tin hiéu nay sé& tac dong 1én bo diéu chinh RI. Tin hiéu ra cta bo diéu
tac dong 1én bo tao xung mao cac ti-ri-sto. Néu Ag >0 diéu khién dé tdng gdc mo cac
ti risto tirc 1a tang dién ap dat vao stato dong co, néu Ae<0 tac dong theo chiéu
giam dién 4p dit vao ro to, két qua 1a dong khoi dong ludn nho hon dong dit.

2.8. Piéu chinh toc d§ dong co khong ddng bd.
2.8.1. Mo ddu
Trong thyc té san xuat va tiéu dung, cac khau co khi san xuét can co toc do thay
do6i. Song khi ché tao, moi dong co dién lai dugc san xuat véi mot toc do dinh mire,
vi vay van dé diéu chinh toc d0 cac dong co dién la rat can thiét.
Khi m6 men can trén truc dong co thay doi, tbe do dong co thay doi, nhung su thay
do6i toc do nhu thé khong goi 1a diéu chinh toc do.
Piéu chinh toc dg dong co khéng dong bé la qud trinh thay déi téc dé dong co theo
¥y chu quan cua con nguoi phuc vu cdc yéu cau vé cong nghé.
Phy thudc vao dic tinh co ctia co khi san xuit ma qua trinh thay ddi toe do xay ra
khi m6 men can khong doi (hinh 4.19a) hodc khi m6 men can thay déi (hinh
4.19Db).
Khi diéu chinh téc d6 dong co can thoa mén nhitng yéu cau sau:
Pham vi diéu chinh, sy lién tuc trong diéu chinh va tinh kinh té trong diéu chinh.
Vi cac thi€t bi van chuyén, phai di€u chinh toc do trong pham vi rng, con thiét bi
dét hodc giay thi lai doi hoi toe do khong doi vai dd chinh xac cao.

na mv
ng Ny

n2 \ n2
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bé nghién ctru cac phuong phap diéu chinh toc d6 dong co khong dong bo ta dua
vao cac bi€u thure sau:

n=ng(1-s) (2.37)
n, =200 (2.37a)
p
E, f
S 11 2.37b
= y (2.37b)
Mit khéc ta lai c6: E, = 1,,/R? + (X ,,5)?
Viy S = R, 1, (2.37c)
\/E + (X4 2)

Ttr cac cong thire (4.37) rat ra cac phuong phap diéu chinh toc d6 sau day:
1.Thay dbi tan s6 fy;

2.Thay d6i s6 d6i cuc p;

3.Thay doi dién tro R, & mach ro to;

4.Thay d6i E, hodc Uy;

5.Thay doi dién ap Ey;

6.Thay doi tan so f.

Trong cac phuong phap trén, nguoi ta hay stir dung phuong phap 1, 2 va 4, con
dong co di bd 10 to day quan nguoi su dung phuong phap 3. Dudi déy trinh bay
ngan gon mot sO phuong phap thuong dung.

2.8.2 Thay déi tan sé nguon dién cung cdp fi.

Phuong phap nay chi st dung duoc khi ngudn cung cap c6 kha nang thay d6i tan
s0. Ngay nay, do su phat trién cua cong nghé dién tr cac bo bién tan tinh duoc ché
tao tir cac van ban dan cong suit da dam nhiém duoc nguon cung cap nang luong
dién c6 tan sb thay d6i, do d6 phuong phap diéu chinh téc do bang thay d6i tan sd
dang duoc ap dung rong rdi va canh tranh véi cac hé thong truyén dong dién dong
mot chiéu.
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Néu bo qua ton hao dién ap & mach stato ta co:
U;=E1=4,44f;W1Keg10 (2.38)
Hay U;=kf1 (238a)

Ttr biéu thire ndy ta thdy néu thay d6i f; ma gitr U;=const thi tir thong s& thay 601
Viéc thay doi tir thong lam glam diéu kién cong tac cua may dién, thay ddi he sb
cos@y, thay d6i hiéu suét va ton hao 15i thép, do d6 yéu cau khi thay doi tan sb phai
giit cho tir thong khong doi.

Mit khac trong diéu chinh téc do phai dam bao kha nang qua tai cua dong co
khong d6i trong toan bd pham vi diéu chinh, diéu d6 c6 nghia 1a phai giir cho

M max=const. Mudn gilt cho M .x=const thi pha1 g1uf cho tur thong khong ddi. Mudn
giit cho tir thong khong d6i thi khi thay doi tan so ta phai thay doi dién 4p dam bao
su can bang cua (4.38a).

Phuong phap diéu chinh tan sb nguon cung cap két hop véi ly thuyét diéu khlen
hién dai ma hién nay hay dung nhat 13 diéu khié véc to, da bién hé thong truyén
dong dién dong co khong dong bo ¢ dic tinh ciia mot hé thong truyén dong dién
dong co mot chidu. Cy thé 13 c6 thé diéu chinh nhanh m6 men khi gitr cho thanh
phan tao tir thong ctia dong stato ma chi can diéu chinh thanh phan tao moé men cia
dong stato. Phan nay vuot ra ngoai pham vi ctia cudn sach nay, ban doc mubn tim
hiéu xin xem thém [11].

Trong pham vi cudn sach nay tac gia trinh bay ngan gon viéc diéu chinh tan s6 dam
bao giit mé men cyc dai khong doi.

M6 men cuc dai cua dong co di bd co thé biéu dién;
_~fu)
M= C T (2.39)
1

Neéu hé so qua tai khong doi, thi ty sO cia mo men téi han ¢ 2 toc d§ khac nhau
phai bang ty s6 md men can ¢ 2 toc o do tuc la:

M, M, Ut

== = 2.40
T 249

Tu day ta co:

Uy _ Ty M (2.41)

u  f" M,

trong d6 M’y va M’ 12 m6 men téi han va mo men can tng vé6i tan s6 ngudn nap
i, dlen ap Uy’ con My, va M’ 1a mO men t&1 han va mo men can ung véi tan sb
ngudn nap f;”’ va dién ap U;”’. Néu diéu chinh theo cong suat khong d6i P,=const
thi m6 men ctuia dong co ty 1€ nghich véi tbe d6 do vay:

c- 1 (2.42)
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U, _ & (2.43)
U ”1 fl

Trong thuc t€ ta thuong gap diéu chinh vdi M=const do d6

Y const (2.44)

=

Khi gilt cho ¢ =const thi cosgp=const, hi¢u suét khong ddi, Iy=const. Néu md men
can c6 dang quat gi6 thi :

N\ 2
Yy _ [lj (2.45)
U “l fl

Khi dan céc biéu thirc trén day ta da gia thiét bo qua do sut ap trén dién tro R. Diéu
do chi ding trong pham vi tan s6 dinh muc, khi tin s6 nhé hon tan sé dinh muc,
dic biét khi tan s6 thap thi viéc bo qua do sut ap nay khong chap nhan duoc vi khi f
nho, X, nho khong thé bo qua do sut ap trén dién tré thuan, do dé tir thong s& giam
va mdé men cuc dai giam. Trén hinh 2.20 biéu dién dic tinh co khi diéu chinh tan
s6 voi f;>f,>f;. Uu diém ciia phuong phép diéu chinh tan s6 13 pham vi diéu chinh
rong, do diéu ghinh lang, ton hao diéu chinh nho.

Nn

Noj
H1nh 4 20 dac tinh co khi diéu chinh

tan so

No2

2.8.3 Thay doi s6 déi ciec[2]

Néu dong co di bo co trang bi thiét bj d6i ndi cudn diy dé thay doi sd dbi cuc thi ta
c6 thé diéu chinh toc d§ bang thay do61 so6 doi cuc.

Dé thay d6i s6 doi cuc ta co thé :

-Dung d6i ndi mot cudn day. Gia sir lac dau cudn day duoc ndi nhu hinh 4.21a, khi
doé so cdp cuc 1a p, néu bay gio d6i ndi nhu hinh 4.21b ta dugce s6 cadp cuc p/2.

Dic tinh co khi thay ddi s6 d6i cuc biéu dién trén hinh 2.21¢

Na
A Mo
I iy ly
. p/2
A Ti : A 4 No/2
i > ly I '
i i \ 4 M
Ll O >
a) h)l6 C)

Hinh 2.21 Céach do6i ndi cudn day dé thay doi s6 doi cuc: a) Mac ndi ti€p, so doi
cuc la p;



Dé thay doi cach ndi cudn day c6 nhirng phuong phép sau:
Doi tir ndi sao sang sao kép (hinh 2.22a).

Vi cach noi nay ta c6: khi hé s6 cose khong doi thi cong suat trén truc dong co ¢
sodo Y sé la:

Py= V3 Ugl,ncose; ; Cho so dd YY c6: Pyy = /3 Uqy21,nc0s0;, do d6 Py/Pyy =2.

O day I,-dong pha. Nhu vy khi thay doi toc d9 2 1an thi cong suét ciing thay doi
voi ty 1€ ay. Cach do61 ndi nay goi la cach déi noi c6 M=const.

Nguoi ta con thyc hién d6i ndi theo nguyén tic A sang Y'Y (sao kép) hinh 2.22b.

A B A B
A B C A B C
C INI\/

FAVAY A
T_ % j ¢ |

a) h)

Hinh 2.22 D6i ndi cudn diy a) Y->YY, b)

Ta c¢6:P,= +/3Ug+/3 [,mcoses; Pyy = J3 Uy 2l,ncose;; do do Pyy/P,=2/+/3=1,15,
thuc té coi nhu khong d6i. Pay 1a cach dbi ndi ¢ P=const.

-Dung cudn day doc 1ap voi nhitng sb cuc khéc nhau, d6 1a dong co di bo nhiéu tbc
d6. V&i dong co loai nay stato c6 2 hodc 3 cudn diy, mdi cudn day co sb ddi cuc
khac nhau. Néu ta trang bi thiét bi d6i ndi cudn day thi dugc 6 ) cap cuc khac
nhau tng véi 6 toc do.
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Pic diém ciia phuong phéap thay d01 tdc d6 bang thay do6i so d6i cuc: ré tién, dé
thyc hién. Tuy nhién do p la mot s6 nguyén nén thay ddi téc do c6 tinh nhay bac va
pham vi thay ddi téc d6 khong rong.

2.8.4 Piéu chinh téc @6 bang thay doi dién dp nguon cung cdp.

Thay d6i dién 4p ngudn cung cap lam thay ddi dic tinh co (hinh 2.23). Vi mé men
cuc dai Mpa=cU,?, nén khi giam dién 4p thi mé men cuc dai ciing giam ma khong
thay ddi do truot téi han (Vi sy = Ro/X)). Néu md men can khong ddi thi khi giam
dién ap tir Uy, tO1 0,9U 4 toc d6 s& thay d6i, nhung khi dién ap giam t&i 0,7Ugy, thi
mo men cua dong co nhoé hon mé men can, dong co s€ bi dung dudi dién.

Pic diém cua phuong phap diéu chinh téc d6 bang diéu chinh dién ap ngudn cung
cap la pham vi diéu chinh hep, rat dé bi dimg may, chi diéu chinh theo chiéu giam
tdc d6. Mit khac vi Pg= CEgpl 2C0SQ, = C,U4l,cosp,=const nén khi giadm dién ap
U;, ma mo men can khong doi sé lam ting dong trong mach stato va ro to 1am ting
t6n hao trong cac cudn day.

Dé thay doi dién ap ta c6 thé dung bo bién doi dién ap khong tiép diém ban dan,
bién ap hoac dua thém dién trd hodc dién khang vao mach stato. Pua thém dién trd
thuan s& 1am ting ton hao, nén ngudi ta thudng dwa dién khang vao mach stato
hon.

bé mo rong pham vi diéu chinh va tang d0 cting cua dac tinh co, hé théng diéu
chinh toc do bang dién ap thuong lam vi¢c & hé thong kin.

2.8.5 Piéu chinh toc do bcfng thay doi dién tré mach ré to.

Phuong phap diéu chinh nay chi ap dung cho dong co di bo 16 to day quéin bac
tinh co cua dong co di bo 16 to day quan khi thay (101 dién tro 16 to biéu dién ¢ hinh
4.24. Khi tang dién tro 16 to, déac tinh co mém di, néu md men can khong d6i co thé
thay ddi toc do dong co theo chiéu giam. Néu dién trd phu thay ddi vo cap thay doi
dugc téc do vo cap , tuy nhién thay d6i vo vap toc do bang phuong phap dién tro
rat it 'dung ma thay d6i nhay bac nén cac dién tro diéu chinh dugc ché tao lam viéc
& ché d¢ lau dai va co nhiéu dau ra.

0,9U4nm
0,8Udm

M Y
0 M. 0 M. M.
Hinh 2.23 DPac tgnh co cua d(f)r}g co Hinh 2.24 Da:lc tinh co cﬁe} dong co
di bo khi thay do1 dién ap ngudn di bo day quan khi thay do1 dién

Gia trj dién tré phu dua vao 16 to c6 thé tinh bang cong thuc:

48



S , \ . re A A \
R, = (—2 - ij trong d6 s; va s, ung voi toc do ny va n,.

Khi Mc=const thi pham vi diéu chinh tdc d6 1a n; —ng (hinh 2.24), khi M ting,
pham vi diéu chinh tdc d6 ting. Khi md men can khong dbi thi cong suat nhan tir
ludi dién khong d6i trong toan pham vi diéu chinh téc d6. Cong suét hiru ich
P,=Mw, & trén truc dong co s€ tang khi do truwot giam, vi AP=P4-P,=M(w;-m,) la
tdn hao r6 to nén khi do trugt 1én ton hao sé& 16n.

Dic diém cta phuong phép diéu chinh dién trd 16 to 1a diéu chinh lang, dé thyc
hién, ré tién nhung khong kinh t€ do ton hao & dién trd dieu chinh, pham vi diéu
chinh phu thudc vao tai. Khong thé diéu chinh ¢ toc d¢ gan toc dd khong tai.

2.8.6 Thay déi dién dp ¢ mach ré to

Trudc khi budce vao nghién ciru phuong phap diéu chinh toc do bang dua thém sdd
vao mach 16 to, ta thuc hién viéc thong ké cong suat & may dién khong dong bo khi
c6 dua dién tréd phu vao mach r6 to.

Céng sudt nhdn vao:

P1=m;U,l;cosp,

Céong sudt dién tir hay con goi 13 cong suat tir trudng quay:
P4i=P1-AP1 = P1-(APcy1 +APres)

Pay la cong sudt chuyén qua tlr trudng sang 1o to.

Cong suat dién tir duoc chia ra cong suét dién va cong suét co:
Pat=PcotPdien

trong d6: Pyien =APcyr+Ps

O day P, la ton hao trén dién tré phu dua vao mach r6 to , con AP¢; 1a t6n hao
dong cudn day r6 to do do:

P2:m2|2Rp, con AP¢p= m2R2.|22
A £ \ A L, o aen , , ,\1—8 ~
Cong suat co hoc P, 1a cong suat ¢ dién tré : (R’,+R’;)) —— do vay:
S

o MR R 2 18

Khi thay ddi toc d6 quay bang thay d01 dén tré mach 6 to, 13 ta da 1am thay doi P,
truyén cho dién tré phu dé cong suit co khi P, thay doi vi:
P4=PcotPo+APcy2 =const trong dé APc,, = const.

Bay gio chung ta nghién ciru mot phuong phap khac thay d6i cong suét P, trong
mach r6 to. Do 1a phuong phap dua thém vao mach r6 to mot dai luong: AE; (hinh
2.25) ¢6 cung tan s6 rd to va ciing phai thay doi theo toc do.

Gia thiét rang diéu chinh tbc do theo nguyén tic :M=const, P4=const.

Trong diéu kién d6, thong ké cong suat nhu sau (hinh 2.25) [1]:

Pdt: P00+Pdién: Pc0+P2+APCu2 =const (246)
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Tén hao dién AP, trong truong hop nay khong doi vi gia tri dong dién I, khong
phu thudc vao do truot. Trong vung 6n dinh cta dic tinh co tdn tai mot gia tri dong
dién I, va mot gia tri h¢ s6 cos@, thoa man quan hé: Pg=m,E,l,c08¢, = Cl,c0Sp,
=const

Néu ting cong suat phat P, (cong suit phat mang déu + trong biéu thirc (2.46)) cho
mot tai nao d6 6 mach r6 to s€ lam giam cong suét co khi P, vy khi mé men can
khong d6i s& 1am tdc do thay doi (n=cP,), n€u mach r6 to dugc cap vao mot cong
sut tac dung P, (c6 dau 4m trong biéu thirc (2.46)) thi P, s& ting, dong nghia voi
tdc d6 ting. Néu mach rd to dugc cung cap mot cong suat P, bang tén hao APgy,
lac nay Pgien =SP4 =0 c6 nghia la s=0 vy dong co quay vo1 tdc do tur truong.

I~ ] ~ In ~~ — /gpcuz P. 4P

X TR, |, SXo R,/
ROLRN O "= L O
f.=sf. f.=sf.
7 L - )
Pdién
| P
IPa.
FQ 2y R,(1-5)/s _-Izq
AE 1-5 {R'”
) —
f,=f,  °
c)

Hinh 2.25. So d6 twong dwong mach r6 to dong co di bo khi dwa thém sdd vao
a)mach thuc, b)c) mach tuong duong dua vé tan so f;

Neu bay gio cap cho mach r6 to mot cong suat P, | > APy, thi dong co quay voi
téc do 1on hon téc d6 dong bo. Phurong phap thay d6i tbc dd nay cho phép thay doi
toc do trong pham vi rong (trén va dudi toc do dong bo) Thay d6i pha ctia AE, 1am
thay d6i hé s6 cong suét stato va 16 to, hé s6 cong suét co thé dat gia tri cosp=1
tham chi c6 thé nhan duoc hé sb cong suat am. Néu ta dua vao rd to cong suat phan
khang thi dong co khong phai ldy cong sut khang tir ludi, lic nay dong kich tir can
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thiét dé tao tir truong dong co nhén tir mach r6 to. Phuong phap diéu chinh toc do
trén ddy goi 1a phuong phap ndi ting.

Két luan

Trong chuong d trinh bay vé dong co khong df)ng bo cu thé nguyén 1y hoat dong,
cac ddc tinh co, cac phuong phap khoi dong va diéu chinh tdc do dong co khong
ddng bo. Day 1a loai dong co co cau truc chic chin, don gian 1am viéc 6n dinh
khong phai bao dudng thuong xuyén. Pay 1a loai dong c6 duoc st dung rat nhiéu
trong coéng nghiép , trong gia dinh véi giai cong suat tir phan trim oat t6i me ga
oat.

MAY DIEN TOC PO CAO: CONG NGHE XU HUONG
VA PHAT TRIEN[78]

I. GIOI THIEU

May moéc co khi quay da duoc phat trién va st dung trong mot thoi gian
dai, va gio day no dugc coi 1a mot cong nghé truong thanh va dang tin cay cho
mot s6 tng dung k¥ thuat. Cac tmg dung ndy bao gém bd ting ap, 6ng van
chuyén khong khi, dong co may bay truc thing, dong co xe dua va may bom
nhién liéu ¢ toc d6 hoat dong dién hinh vuot qua 10000v/phut va r/minVkW
vuot qua 1 x 10° [1]. Pong luc hudng nghién ctru téi va phat trién may dién toc
d6 cao da ting nhanh chéng trong vai thap nién gan day, véi su gia ting tng
dung dang ké trong nhiing thap k¥ mdi day. Ciing c6 thé thiy trude rang khu
vuc nghién ctru nay sé thong tri nghién ctu truyén dong dién, mot phan do
nhimg cai tién hién tai trong cong nghé cho phép va mot phan do tac dong dang
ké dén sy phat trién cua nhitng chiéc may nay sé ung dung nhiéu linh vuc. Diéu
nay ciing duoc phan anh bai sé lwong 16n cac chuong trinh nghién ctru dugc tai
trg trong nude va qudc té trong linh vuc nay. Bai viét ndy trude tién sé tong
quan vé mot sd khu vue ung dung may moc dién tbc d6 cao, va két qua loi ich
hé théng s& dugc néu bat. Piém chung nhan thuc loi thé ctia may toc do cao 1a
giam trong luong hé thong cho mot cudng do bién d6i niang lugng nhat dinh.
Diéu nay dic biét mong mudn trong cac tmg dung di dong, noi tiét kiém bat ky
trong lugng dan dén két qua truc tiép trong viéc giam nhién liéu va khi thai. Xu

huéng dién khi hoa trong twong lai 1a tao ra mot luc kéo dang ké dé thuc day céac
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cong nghé tbc dd cao. Mot loi ich khac thuong dugc nhan théy trong viéc ap
dung cac may toc do cao trong cac tng dung nhat dinh d6 1a sy cai thién do tin
cay do két qua cua viéc loai bo cac thiét bi trung gian (truyén dong truc tiép).
Céc nghién ctru va phat trién trong linh vuc ndy ciing duoc thuc day bai sy phat
trién ctia céc thiét bi chuyén mach dién tr cong suét, cAu trac lién két bién doi va
phuong phap diéu khién dang cho phép tan sb hoat dong ciia may tham chi cao
hon. Piéu nay duoc két hop v6i sy phat trién vat liéu tr mém va cung, c6 kha
ning chiu duoc cudng do cao hon cua do cang co khi trong khi thé hién ton that
ac thap, cho phép van tdc ngoai vi roto cao hon va mat d6 cong suat cao hon.
Sau khi xem xét cac linh vuc trng dung cho may moc dién tdc d0 cao, bai viét
nay s& néu bat nhiing tién bo dang ké gan day trong cong nghé vat liéu lién quan
dén may tc do cao. Sau do, nhitng so d6 may dién khac nhau tir céc tai liéu
tham khao s& dugc xem xét va so sanh vé kha nang tbc do cao cua ching va dac
diém hiéu nang.

3.2.TONG QUAN VE UNG DUNG

Trong mdt s6 tng dung, may dién toc do cao truc tiép thay thé cac hé
théng co tc d6 cao hién co, trong khi d6 ¢ nhitng tng dung khac, may dién toc
d6 cao bo sung cho hé thong co khi toc do cao hién c6. Phan nay cung cap tong
quan vé truyén dong bén canh nhiing phat trién nhu vy cho mot pham vi rong
ctia phd ung dung. Danh sach nay khong ddy da nhung chi ra ing dung kéo cho
dién cong nghé may moc téc do cao.

3.2.1.May dién téc do cao cho nhiéu dong co dién (O t6 / Phat dién)

Khai niém may kéo hiéu suit cao tich hop trong hé thng truyén dong
lai dé cai thién hiéu suat nhién liéu va giam khi thai hién dang pho bién trong
cac phuong tién. Yéu cau hiéu sut nhién liéu va khi thai ngay cang nghiém ngit
dé tiép tuc dién khi hoa cho dong co dang duoc s dung cho 6 t6 va cac ung
dung tao ra nang luong, cha yéu thong qua viéc st dung may dién téc do cao.
Céc (ng dung tiém ning cta mdy dién toc do cao trong mot dong co dién co

nhiéu hon




H.3.2. Tang 4p tro luc dién: tich hop mav dién trong may moéc tdc do cao hién cod
nhu trong Hinh 3.1, tao ra mot ho bon may dién toc do cao c6 thé xung quanh

mot dong co trong tuong lai. Trong mot tng dung nhu vay, may dién duoc dat
trén cung truc Véi tuabin va banh xe may nén trong mot bo tang ap (may M1
trong hinh 1). Chirc ning ctia May c6 hai mat. Khi khoi dong va sang sd, khi
thiéu nang luong trong dong khi thai, may duoc sir dung lam dong co dé ting
tbc may nén dén téc do can thiét, do do giam do tré duong ong va cai thién kha
nang truyén dong. O dong co cao tai, khi c6 ning luong du thira trong khi thai,
thay vi mo mot van cong chat thai dé ngan chan qua muc truc, may dién duoc sir
dung nhu mdt may phat dién. Su tich hop dién hinh cua may dién trong mot bo
tang ap duoc hién thi trong hinh 2. Hiéu qua dudng truyén cé thé duoc cai thién
hon nita bang cach cai dat mot tuabin dién bo sung va may toc do cao (may M2
trong hinh 1) & ha luu cua bo ting ap dé giai nhiét thai tir khi thai nén, thudng
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duoc goi 1a qua trinh nén. Niang luong phuc héi sau d6 duoc s dung dé cung
cap cho tai cua xe dién, ké ca may kéo néu sir dung trong mot kién trac hé
théng truyén dong lai. Hinh 3. May dién téc do cao dugc sir dung trong dong co
ORC (Cummins).

O dong co dbt trong, khi thai tuan hoan(EGR) duoc str dung dé giam lugng khi
thai NOx bang cach dinh tuyén mot sé khi thai trg lai vao ludng khi nap. Trong
dong co, noi ap suat khi thai 16n hon ap suat khi nap, mot hiéu ap sudt am ton
tai; do d6, dong chay EGR c6 thé nhan ra bang cach két néi mot ong dan giira
6ng xa va 6ng dan. Tuy nhién, trong mot dong co diém lay nude vao, chénh léch
ap suat khong thuan lgi phai duoc khac phuc [2]. Mot cach khic phuc hiéu qua
van dé noi trén 1a bang cach dat mot may nén EGR ¢ thuong nguon cia Tua bin,

duoc

H.3.3 May dién tdc do cao duoc st dung trong ddng

diéu khién boi mot dong co tée do cao (may M3 trong Hinh 3.1). Diéu nay lam
giam dang ké nang luong bom can thiét so véi cac hé théng EGR thong thuong
trong do6 khi thai duogc rat ra & ha luu cda tuabin. Hiéu qua cai thién nhién liéu
dong co cao hon co thé dat dugc bang cach thu hdi ning luong nhiét thai tir toan
bo dong co, thay vi chi tir dong khi xa. Piéu nay dugc thuc hién thong qua mot
chu ky Rankine hiru co, nhd d6 nhiét dugc thu hoi bang cach luu thong mot chat
long 1am viée sau d6 dugc st dung dé truyén dog tuabin tdc do cao va mot may
phat dién. Muc do cai thién hiéu qua nhién liéu hon 12% da dugc ching minh
[3]. Hinh 3.3 cho thdy mdt dong co nhu vay dugc phat trién boi Cummins. Pham
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Vi ciia nut cong sut-tbe do cho may dién dugc phat trién cho cac tng dung dong
co rat rong, dao dong tir 2 kW / 220 000 r / phtt cho mot tng dung 6 t6 hanh
khach [41] 1én t6i 150 ma luc / 35 000 r / phat cho mot dong co so cap phat
dien.

3.2.2. H¢ thong banh da luu trit ndng lwong

Hé théng banh da luu trir ning luong hoat dong bang cach luu trir ning
lugng co hoc trong mdt banh da quay .Nang luong dién duogc luu triv béng cach su
dung mot dong co quay banh da, do d6 bién d6i ning luong dién thanh ning
luong co hoc. Bé phuc hdi ning luong, chinh  dong co nay dugc st dung dé lam
cham béanh da, bién nang luong co hoc tr¢ lai dién nang. Thiét ké banh da truyén
théng c6 duong kinh 16n, quay cham, vaco mat do cong suit va nang luong
thap. Banh da hién dai duoc thiét ké dé quay o téc dd cao hon. Banh da nhu vy dat
duoc mat do nang lugng cao hon pin NiMH thuong sir dung trong xe lai, mac du
c6 mat do nang luong thap hon. Pdi v6i cac tmg dung luu trir ning lugng doi
hoi du ra cong suat cao trong khoang thoi gian ngan (vi du, thap nang lugng), nhu
la truong hop cho tro xe dién lai, hé théng banh da tbc do cao c6 mot sb loi thé so
v6i giai phap cong nghé pin nhu nho gon hon, hiéu suit cao hon, tudi tho dai hon
va pham vi nhiét d0 hoat dong rong hon [68]. Hinh. 3.4 cho théy mot banh da duoc
phat trién boi Williams Hybrid Power, dwoc st dung trong Porsche911
GT3R. Banh da nay quay voi toe d6 40.000v/phut va dugc st dung dé phat/ dong

co 1én dén 120Kw cho dong co tryc trudc .

H.3.4 Banh da chat composit toc do cao

3.2.2. Ung dung cho may khoan toc dé cao
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Nganh cong nghiép miay moc cing dithic daysuy phat trién
ctia may dién toc do cao . Con quay toc do cao chi phi thap thong thudng sir dung
truyén dong dai, bi giéi han & toc do t6i da. Nhu cau téc do quay téc do cao ngay
cang tang, diéu khién téc do, mic do rung thép va mat do nang luong (do thiéu
khong gian) dd dan dén viéc st dung may dién toc do cao cho cac ung dung truc
chinh. Céc giéi han pham vi cong suat va toc do trong cac ung dung truc chinh trai
ra trong pham vi rat rong, tir 9000-180 000 v/min, twong Ung vdi cong suétsic
manh murc xap xi tir 24 xudéng con 1KW.

Nhu da trinh bay ¢ Bang I, tbc do quay t6i da dat dugc trong cac tmg dung
trong may phay khac nhau phu thudc vao loai vat liéu duogc xir Iy. Ddi véi cac tmg
dung mai, mdy-céng cu quay tbc do rat cao so vdicac pham vi dién hinh bao
céo trong Bang |, dat tbc d6 1én dén hang trim ngan vong mdi phut trong cac Gng
dung gia cong siéu chinh xé4c, vi du nhu pham vi kich thudc trung binh va téc do
hang me ga cho hé thong truyén dong[4]. Hinh.3.5 chi ra mot mdy nhu vy
duoc phat trién boi vong bi khong khi Westwind , véi mot toc do 1a 300.000v/

min st dung mach in (PCB) cho may khoan coc.

TABLE 1
TYPICAL MILLING APPLICATIONS SPEED
Applications Speed
Metal 4500 - 12000 rpm
Stones 8000 - 12000 rpm
Glass/Marble 2000 - 14000 rpm
Wood 18000 - 25000 rpm
Aluminum 30000 - 40000 rpm

3.2.3. Mdy bom phdn tur turbin
May bom phdn tu turbin 132 mdt ung dung khac, & do su dung dong co cod

tdc do cao dugc coi la phu hop.




Hién tai tc d6 hop 1y 1én téi 100.000v/phat & mirc cong suat thip (vai trim
oat) 12 myc tiéu twong lai cho Gmg dung nay. Cac bom phén tir duoc st dung dé
nhan va duy tri d6 chan khong cao. Nhitng may bom lam viéc trén nguyén tac 1a
cac phan tir khi ¢ thé dugc trao dong lugng theo mot huéng mong mudn bang
cach 1ap di 1ap lai sy va cham vé1 mot ran bé mit di chuyén. Trong mot may
bom phan tir turbin, o to turbin quay rat nhanh hit cic phan tir khi tir dau vao
ctia bom vé phia 6ng xa dé tao ra hodc duy tri chan khong. Mit cat ngang cia
mot tuabin thong thudng duoc diéu khién boi dong co tbe d6 cao hién thi trong
Hinh 3.6. Nhitng mdy bom nay dugc st dung dé c6 dugc diéu kién chan khong
rdt cao 1én dén 10 mbar. Loai tai nay doi hoi tinh chét ddc trung cua dong
phai tiép can mot cach thiét ké phuc tap, khac xa véi cac tiéu chi thiét ké cb dién
dugc sir dung cho cac dong co tiéu chuan. Dic biét, roto chay trong chan khong
sau, gap cac van dé vé trao ddi nhiét [69]. Trong thuc té, viéc tan nhiét chi co thé
duoc thuc hién béng burc xa. Su dong gbp quan tinh cua rdto trén téng quan tinh
phai cang thap cang tot dé don gian hoa qué trinh cin bang cia cic bo phan
quay. Cac gon mo-men co thé rat thdp dé giam cac nguy co ctia cong hudng co

khi trong sy xoay cta hé thong.

H.3.6. Mit cit ngang ctia bom phan tir duoc diéu khién boi toc d6 cao
AANnA ~r~ T7R1

3.2.4. Ung dung may nén khi
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May nén khi can thiét ¢ nhiéu noi trong cac nganh coéng nghiép hoa
chat, dau mo va khi dot, chu yéu dé thu thap, truyén tai va xir Iy khi ¢ ha
luu. Bong co khi va tua bin khi thuong duge st dung truyén dong may
nén. Mic du cac truyén dong chay bang khi thuan tién cho cac cong ty gas,
nhung ching ngay cang khé cai dit hon do cac han ché vé méi trudong. Y tudng
st dung dong co dién truyén dong nén dé giam thiéu cac van dé vé méi truong,
diéu chinh tdc d6 va bao tri khong phai 1a méi nhung sy tién bo trong linh vuc
may toc do cao da khién chung trd nén hap din hon. Cac may nén khi khong
can dau di duoc st dung thanh cong trong nhiéu nam, nhung cho dén khi viéc
boi tron hé théng bang dau van can thiét cho cac dong co truyén dong hodc voi
hop s6, loi ich cta hoat dong khong dau khong thé khong duogc khai thac triét
dé. Truyén dong téc do cao voi vong bi tir tinh cho phép loai bo hop sb va toan
bo hé théng dau boi tron, dan dén ting do an toan, ting hiéu qua, tang tinh kha
dung va giam chi phi van hanh va béo tri. Vi vy, cac truyén dong dién toc do
cao 1a truyén dong mdy nén than thién véi moi trudng nhat [5]. Thiets ké va ro
to ctia may cam ung 1000-20000v/phut (IM) dugc phat trién boi Converteam
(nay 12 GE Energy), va dugc st dung trong mét img dung nhu vay dugc hién

thi trong Hinh. 3.7 va 3. 8, tuong ng.

H.3.8.IM tbc d6 cao 10 MW 20.000v/phut dugc stir dung trong
mot don vi mav nén tich hoo (GE Energv).



3.2.5. Mdy nén khi céng nghiép va may thoi khi

Trong nhiéu Gmg dung cong nghiép, nhu cau ngdy cang ting ddi véi khi
nén chit luong cao va khong dau . Trong nganh coéng nghiép thuc pham va doé
ubng , cling nhu trong nganh dugc pham , bat ky 6 nhiém dau nao ciing co
thé ddn dén cac san pham khong an toan va nguy hiém cho strc khoe ngudi tiéu
dung . Trong cong nghiép 6 t0, khong khi khong dau 13 diéu can thiét dé dat
duoc mot két thuc chat lugng cao. Trong thiét bj dién tur cong nghiép, do am c6
thé anh huong dén qua trinh nhay cam va giy oxi ctia dai micro, két qua 14 san
pham that bai. Trong tt ca cac nganh cong nghiép néi trén, bat ky 6 nhiém dau
nao ciing c6 thé dan dén thu hodi san pham dat tién va nging hoat dong nha
may. Toc do may dién cao hoat dong & cong suat dinh mirc 100-500 kW va toc
d6 khoang 80-15.000 v/min, st dung vong bi tir hodac khi, dang dugc su
dung trong cac thé hé méi nhat Class-0 “khong dau” truyén dong truc tiép may
nén khi cong nghiép, trong pham vi trir 4-9 bar .

Trong cic nha mdy xu Iy nudc thai, phan Ién cac yéu cong
sudt trén 60%, duoc yéu cau cho viéc cung cap khong khi dé cung cip
oxy cho xur 1y sinh hoc cac dong chat thai va tron vao chéat ran. Cac may thoi
dich chuyén duong truyén thdng chay trén cac truyén dong tan sb thay doi hodc
cac thiét bi ly tim hudng truc cé trang bi cac van dau vao va dau ra dé suc
khi. Thap ky qua da chtng kién mot sy ting truong nhanh chong trong viéc sir
dung may thdi tuabin thic déy bo1 dong co tdc d6 cao, co do tin cay va do bén
cao hon, giam tiéng on, mot giam 25% vé khéi lwong va, quan trong hon, khang
dinh tiét kiém nang luong khoang 35% [ 70] dbi voi may thoi thong thuong .

3.2.6. Nhiing turbin nhé

Tuabin nho 14 tuabin dot trong nhd c6 kich thuéc tuong dbi nhod
SO v6i mot ta lanh, va v6i dau ra thong thuong khoang 30-400 kW. Ching
thuong duoc st dung cho cac ing dung phat dién cb dinh tai cac vi tri co gidi
han vé khong gian dé san xuét dién. Chung 1a nhimg c¢d may nhién liéu linh
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hoat ¢6 thé chay béng khi tg nhién, khi sinh hoc, propan, butan, diesel va dau
hoa. Tuabin nhd covaibd phan di chuyén, hiéu sudt cao, khi thai
thép, vacdco hoi su dung nhié€t thai. Chung nhe va kich thudc nho
gon. Thu hoi nhiét thai ¢6 thé duogc st dung trong cac hé théng nhiét va dién
(CHP) két hop dé dat dugc mirc hiéu suit niang luong 16n hon 80% [6].

Hinh 3.9 cho thay cach bd tri dién hinh cua tuabin khi siéu nho. N6 bao
gdm mot may nén, budng dbt, tuabin, may phat dién, may thu hdi (tiy chon)
va may phat dién. Trong cac hé théng khong dugc phuc hoi, khi nén dugc 1lam
noéng tron véi nhién lidu va duge dot chay trong diéu kién ap suit khong
d6i. Két qua khi nong duoc phép mo rong thong qua mot tuabin dé thuc hién
cong viéc. Cac microturbines chu trinh don gian c6 chi phi thap hon, do tin
cdy cao hon va c6 sin nhiéu nhiét hon cho cac tng dung CHP so voi cac don
vi thu hdi. Pon vi thu hoi st dung mét tim trao doi nhiét kim loai thiét bi d6
phuc hoi mot sd nhiét tir dong khi xa, va chuyén né vao dong khong khi
dén. Khong khi dugc lam ndng trude sau d6 dugce sir dung trong qua trinh d6t
chay. Néu khong khi duoc 1am néng trudc, can it nhién liéu hon dé ting nhiét
dd ctia n6 dén murc can thiét & dau vao tuabin. Cac don vi thu hoi ¢ hiéu suit
va ty 1€ nhiét-dién cao hon so véi cac don vi khong dugc phuc hoi va mang lai

tiét kiém nhién liéu khoang 30%-40% tir qué trinh gia nhiét trudc [6].
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' H.3.9 .Bb tri dién hinh mot turbin khi nho
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Gan day, c6 mdt su quan tdm xem xét lai trong vi¢c st dung tuabin nho
nhu pham vi mé rong trong sé-ri xe lai, cling nhu tat ca cac-xe dién, khi mot
don vi cong suat c6 thé sac pin cua xe. Hinh. 3.10 cho thdy mot microturbine
cong suat 50kW 80.000 v / phut do Bladon phat trién. Nguoi ta noi rang mot
cong nghé¢ nhu vay co6 cac kich thudc, trong lugng, va phu tung  chi

bang 5% cua cua mot dong co piston tuong duong [7].

H.3.10 Mot siéu turbin khi 50 kW,

3.3. Vatliéu

Phyaanf nay cho ta mot cai nhin tong quan cta vat liéu phit hop cho may
dién téc do cao, bao gdm ca thép k¥ thuat, dong hop kim, va nam cham. N6
cling mo ta nhimg phat trién chinh 1a chia khoa day cac ranh gidi hoat dong cua
may dién téc do cao.

3.3.1. Thép ky thudt dién

Dbi v6i cac 1a thép stato va roto, cac hop kim sat silicon (SiFe) va sit
coban khac nhau (CoFe) da dugc xem xét. CoFe théa man dd bao hoa tr 1on
nhat dat trén 2T, vi thé cho phép dat dugc mat d§ nang luong cao nhat. Gia tri
thuc té ctia bio hoa tir cho CoFe phu thudc vao nhiét do u, thoi gian u va khong
khi u; noi chung, cac tinh chit co khi cua vat liéu U tot hon khi d6 bdo hoa tir
thép hon. Tuy nhién, ngay ca khi u dé tinh chit co hoc cua vt liéu tot nhat thi do
bdo hpoaf tir cuaCoFe van cao hon SIFE (khodng 20% cao hon). Mic

du CoFe dit hon dang ké so véi cac 14 thép SiFe, no thuong dugc xem xét cho
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cac may tdc dd cao vi khdi lugng vat liéu trén moi kilowatt vé ban chit 1a nho va
do d6 khong co y nghia 16n & cap do hé théng .

Mot thong $6 quan trong khac khi chon vat liéu can cho may tde dod cao
1a lugng ton that 16i thép dugc tao ra trong qua trinh can do tan sb co ban
va chuyén mach rat cao . V&i mot tin sd va mat do tur thong da cho, nhiing ton
hao 156i chiu anh huéng chi yéu bsi d6 day can va cac phuong phap
. N6i chung, cac 14 thép mong hon, ton hao 16i thap hon. Thép k¥ thuat dién
mong dén 0,1 mm véi ton that 16i rat thap, dugc thiét ké riéng cho cac Gmg dung
tan sb cao, co san trén thi truong [8].

Hinh.3. 11 so sanh stic bén co khi va ddc tinh ton hao 15i véi 1T va 400
Hz cua la thép SIFE ( @ ) va CoFe ( o) thuong mai c¢6 san dudi tén thuong mai
ctia minh. Can luu ¥ rang, d6i voi nhiéu 16p thép (trir nhimg thi truong dic
biét cho dac tinh co khéi cua ching), cac thudc tinh co khi c6 gid tri nhan
biét binh thuong co gia tri. M270-35A va M235-35A 1a céc loai SiFe phd bién
0,35 mm v&i d6 bén dién hinh tuong ing khoang 350 va 450 MPa . Cac loai nay
thuong duoc sir dung cho cac dong co chinh san xuat khoi lugng hiéu suit cao
hon nhu may keo .

Cac may tan sb cao thuong st dung cac 16p SiFe mong hon 0,35 mm,

nhu NO20 va Arnon7, 1a 0,2 va do day 0,17mm tuong tng.
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Céc ton that 1561 cta cac 14 thép mong di noi ¢ trén 1a vuot trdi, nhu
trong Hinh 3.11; tuy nhién, day phi cta Gng suat dan hoi giam, thuong 1a 300-
380 MPa cho cac hang nhu vay.

Yéu cau ngdy cang khat khe d6i voi thép k¥ thuat dién da thuc day
nghién ctru cua cic cong ty luyén kim vuot ra khoi ranh giéi truyén théng trong
hai thap ky qua. Mt truong hop nhu vay 1a 161 INEX10, d6 1a mot 16p SIFE
day 0,1-mm va c6 tén hao khoang 50% & tan sd va cam tmg ding muc, ddi voi
cac 16p thép mong cao tan khac véi bang co 6,5% Ham lugng Si [8]. Picu
nay cho phép ngudi thiét ké di xa hon céc tan sd co ban trong stato.

Céc tam thép silic thong thuong c6 ham luong silicon tir 3,5% tré xudng
vi rang thép s& bi cung. Tu lau n6 da dugc biét dén 1a nhiing tir dic diém cia
mat silicon thép tAm cai thién nhu cc Si ndi dung tang, dat dinh & muc 6,5%
[8]. Tuy nhién, viéc san xuat cac tim thép mong c6 ham lugng Si trén 3,5% la
khong thuc té vi thép c6 xu hudng ctimg. Gan dy van dé san xuat nay da duoc
khic phuc thong qua viéc ap dung ling dong hoi hoa hoc. C6 ty 18 silicon cao
nhu vay din dén tng suét cao; tuy nhién, vat liéu nay dé giy, diéu nay khong
mong mubn ddi véi cac ro to tdc dd cao. Tinh déo co thé duge cai thién bé‘mg
cach phun gradient cua silic, trong do6 ham lugng silic cao dugc phun & céc
canh cta tim cho giam ton that tn sb rat cao , va mot ham luong silic thap
hon dugc bom tai trung tam.

Nghién ctru thép khac tap trung vao phat trién thép dién c6 cuong do rat
cao ma khong anh hudng dén d6 déo. Pong luc cta nghién ctu nay chi yéu 1a
dong co nam cham vinh cuu (IPM) duoc sir dung trong luc kéo lai. Cac dong
co nhu vay doi hoi cau phai dugc gitr cang nho cang tot dé han ché ngan mach
tir théng nam cham (do d6 1am giam thé tich nam cham); tuy nhién, diéu nay bi
giéi han boi ung suat cioa vat lieu can. Ung suat cao hon 800 MPa co
thé duoc thuc hién bang mot sd ky thuat nhu trat khdp ting cudng [9], voi chi
phi 1am ting t6n hao sat. Cac 16p HXT [10], thé hién trong hinh. 3.11, c6 thé
dat dugc mot ing suat rat cao, c6 thé so sanh dé c6 do bén cua thép carbon
cao, vuot qua 800 MPa vé1 do dan vuot qua 18%.
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Hinh 11 ciing so sanh ton hao sat ddi véi bon loai hop kim CoFe khac
nhau. Nhu thé hién trong hinh ndy, hop kim CoFe c6 dic tinh tir tdi wu
Vacoflux48 cé ton that thap hon dang ké So véi vat lieu M235-35A cung do

day.
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H.3.12 Hop kim cho 16 to 1dng soc

Tuy nhién, ing suat ciia né 1a chi khoang 200 MPa ( tirc 1a mot nira clia
SIFE), do d6 d6i vé&i truong hop st dung & rotor toc do cao 1a chua du. Dé
CoFe c6 tmg suat twong ty (tac 1a Vacodur 50 véi cac tinh chat co hoc tbi
uu ) nhu SiFe, tinh chit dién tir cia n6 bi suy giam va ton hao ¢6 thé so sanh
duogc vai ca SiFe va CoFe. Mot van dé quan trong can luu y rang cac 16p CoFe
néi trén la gion trong tu nhién, voi Vacoflux4d8co 2% do dan dai
va Vacodurb50c6 6% do dan dai. B§ gian dai dugc cai thién 1én 32%
trong Vacoflux17, khi ham luong coban giam 17%, mic du lam ting dang ké
t6n hao 18i. Hop kim CoFe co6 thé dugc ting cudng bang cach hop kim vai
vanadi, chéng han nhu Hiperco 50 HS, c6 thé dat dugc ung suét trén 680 MPa
vo1 do gian dai 15%.
3.3.2.Hop kim dong

Pbi v6i truong hop IM, vat liéu thanh roéto va vong ngin mach yéu
cau lya chon can than . Ung suat cao 1a can thiét ¢ nhiét o cao nhu cac thanh
phuc vu churc nang co hoc bén canh nhiing chirc ndng dién tir. Cac thanh cling
thém vao do cung ctia cum roto va do d6 gitip tang toc d6 t6i han cua may. Hon
nita, d6i
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v6i IM, gitt cho 1ong roto trong tinh trang khoe manh 1a diéu co ban dé van
hanh.

DPdi v6i cac ung dung nhiét do cao, tbc do cao, déng tinh khiét khong
thuong dugc st dung do co6 Gng suét thép, va né bj mém & nhiét do cao. Mot sb
loai hop kim déng co do bén cao khéac nhau di duoc st dung cho IM tdc do cao,
chang han nhu déng zircon zirconium (CuZr), dong bia beryllium (CuBe) [37]
va oxit nhdm nhém ddng ( CuAl , 0 3) [23 ], [24], [34], [35]. Hinh. 12 13 so d6
ctia vaatk liéu khac nhau dugce xem xét cho cac 16ng rotor nhit 1 hai thong s
quan trong déi v6i mot tmg dung dong co cam tmg cao tdc (tc 1a d6 dan dién
va Ung suat).

Pong c6 thé dugc ting cuong dang ké bang cach hop kim né vai cac yéu
t6 khac, nhung hop kim giy ra ton hao d6 dan dang ké. Pong ciing c6 thé duoc
tang cuong bang cach két hop cac hat min ctia pha thi hai trong ma tran cta no,
lic nay chi gy ra ton that tuong dbi nho vé do dan. Pha thtr hai c6 thé dugc mot
kim loai hodc hop chét lién kim két tua tir mot giai phap chat rin boi gia cong,
hodc né co thé 1a hat phi kim loai, chéng han nhu oxit 6n dinh, thém vao hodc
duoc hinh thanh trong ma tran df‘mg. Mot vat li¢u nhu vay dugc lam béng cac
ky thuat oxy hoa, la Glidcop tir Hogands Bic My, van giit dugc sic manh
& nhiét d6 cao vuot qua 300 “C.

3.3.3. Vat liéu lam nam cham

Nhiing thach thirc chinh d6i v6i nam cham & toc do cao 1a cac tng suat
co hoc di duge kiém nghiém va ton hao bén trong do xung tir théng két qua
cua cac ranh stato, song hai khong gian & khe hd khong khi va tur truong
khong dong bo do song hai theo thoi gian ¢ dang song cung cap. Hudng truc,
huéng tdm va chu vi thuong duoc st dung dé giam ton that, nhu trong Hinh

13.

H.3.13. Mot miéng nam cham dé giam tdn hao ro



Ngoai ra, khi thiét ké cudén day may va kich thudc hinh hoc dé giam
thiéu ton hao roto va sau do, nhiét do nam cham, 1a mot sy danh d6i thiét ké
quan trong [60 ].

May téc d6 cao thudng st dung nam chdm cé mat d6 ning luong
cao tir cdic ho NdFeB hoac SmCo v61i mot kha nang nhiét d0 lam viéc
cao. Cac 16p NdFeB hop kim véi Dysprosium (Dy) c6 nghia 1a nam cham
NdFeB c6 thé c6 nhiét d6 gidi han lam viéc 1én t6i 250 ° C, chang han nhu 16p
N38EH. Péi voi hoat dong trén nhiét d§ nady, samarium Gian cobalt
Sm ,Co 17 van 1a vat liéu phu hop duy nhat. Mic du co tir du va tao nang
luong thép hon so véi nam cham NdFeB, thuong Sm,Co0:716p cé thé hoat
dong 1én dén nhiét do ctia 350 ° C, v&i mot sd 16p didc biét co thé dy nhiét do
gidi hanlén t6i 550° C, nhung phai tra gia do tir du thap, nhu thé hién trong
hinh 14.
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H.3.14.Samarium-cobalt nhiét 3o

Do dan dién stator va thanh ngin mach r6 to ciing da dugc ap dung dé

bao vé cac nam cham khéi tir truong khong dong bo. PM rat yéu khi bi cing,
mac du chung cé thé chiu duoc ap luc nén 16n. Pé dam béo tinh nguyén ven co
khi ctia 16 to toc do cao, nam cham duoc sir dung du Gng luc thuong xuyén
cho thanh ngén mach cuta ro to v&i vat liéu kim loai ¢6 d6 bén cao nhu In-

conel hodc titan [61]. Soi carbon cling thuong dugc st dung nhu mot co ché
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duy tri do tinh chit co hoc vuot troi ciia nd. Pay c6 thé 1a ddy nhd quan truc
tiép trén 16 to, hodc vanh ngan mach dic sin c6 thé duoc lap rap vao 1o to.

3.4. Tong quan cac cong trinh cong b lién quan téi cong nghé may
dién toc do cao

Trong hai thap ky qua, mot sb tai liéu vé cong nghé may dién toc do
cao di dugc xut ban. Re Richt va Pasquarella [71] trinh bay mét tap hop céac
phép tinh phén tich lién quan dén duong kinh roto quay véi toc do cao dua trén
bén ndi dung: 1) Gng sudt co hoc trong roto; 2)tdc dotdi han ; 3) lam
mat roto va 4) cong suat cu thé trén mdi thé tich réto. Cac cong thirc ndy sau dé
dugc st dung dé xac dinh thiét ké mot cira s6 hodc hoic’ giai quyét mot khong
gian” cho cic mdy dién toc dd cao. Céc tac gia cling trinh bay mét biéu d6 cong
suat- toc do, bao gdm cac duong gidi han cho IM va dong b, cling nhu cac khu
vuc gidi han cho mot sb cau trac bién tan lién két. Biéu do nay duoc st dung
dé suy ra xu hudng tuy thudc vao cong suat va pham vi toc do can thiét. Tai thoi
diém viét bai, cac tac gia dd két luan rang vé6itéc do thap hon (9000v/
phiit) va céng sudt cao hon (>30 MW), may dong bd dugc cung cip tir cac bd
bién tan ngudn dong dién la giai phap thuan loi, trong khi d6i véi toc dé cao
hon (100 000 v/phiit ) va cong sudt thap hon (S2MW) , IM duge cung cap tir cac
dau vao ngudn dién ap 1a giai phap dugc wa chudng . May PM duge mo ta 1a phu
hop cho céc ing dung ning luong thap va tdc do cao .

Canders [72] trinh  bay viéc sit  dung cac may PM (SPM) gan trén bé
mat voi1 dai soi carbon, nhu moét sy thay thé thiét ké rat hira hen cho cac ung
dung cong suét cao hon va tdc do cao. Mot su lua chon phu hop cua tAm dong
dién phan tng dugc coi 1a quan trong trong viéc cung cap tang ctia mat do luc
(& kNm / m?) gidi han trén cac 6 to nhu mot ham cua toc do. Khi gir thiét
ké chay ¢ toc do dudi gidi han, thuc hién tinh chiéu dai cua rtoo to, va do thi
gidi han cong suat nhu mot ham cua téc d6 cho may PM duoc cung cap.

Binder va Schneider [73] thao luan vé cac khia canh lién quan dén thiét
ké may dién toc d6 cao. Cac tac gia mo ta lam thé nao hé sb st dung dién tir thap
hon so v&i may téc do thap va thong qua danh gia tai liéu cho cac may PM, cam
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ung va may don cun dugc ché tao, theo kinh nghiém, mét duong hoi quy tuyén
tinh lién quan dén gi61 han cong suat dbi vai toc do thiét ké. Cac loai 6 truc
dugc st dung cho cac may toc do cao ciing duge nghién ciru phat trién.

Sau day 1a mot nd luc dé mé ta cac may tdc dd cao trong tai li¢u da duoc
xay dung va thir nghiém, bao gom IM, may PM, may tir tré (RSM) va may dong
bo don cuc. Mot so sdnh gitra cdc cong nghé cho théy mién van hanh ma mdi
cong ngh¢ da dugc st dung tai cac mién do.

3.4.1. May dién cam vng toc d6 cao

IM, do cdu tric chic chan cua chung, thuong duoc st dung cho cac ung
dung tdc do cao. Béang I, duogc phat trién va mo rong tu nhirng két qua trinh
bay trong [19], danh sach cic déng co IM trinh bay trong tai liéu dugc xép
hang theo bac cua pham vi tbe do ‘vc’ (6 m/s). Tur nay bang, n6 dugc luu
y rang, d6i voi cac
tdc do ngoai vi cao nhat, cau trac lién két roto ran thuong duoc ua thich do do
bén co hoc cta cau trac nhu vay. Roto ran min , nhu trong Hinh 3.15 (a), 1a
cau trac lién két roto ran don gian va manh mé nhat; tuy nhién, mot thiét ké
nhu vay thiéu mot dudng dan c6 d6 dan cao cho cac dong roto cam tng va do
d6 1a mot thiét ké twong d6i kém hiéu qua [11], [12]. Cac thanh phan dong
diéu hoa tap trung trén bé mit cua cac ro to 13 nguyén nhan ton hao dang ké
trong r6 to dd han ché mat do tong cong sudt ctia mdy. Ngoai ra, dong
xody di day tir truong cam tng ra khéi o to.

Roéto ran xé doc truc, nhu trong Hinh 3. 15 (b), 1a mot cai tién so v6i cau
trac lién két roto ran tron tru bang cach xé doc bé mit roto [13], [14]. Rach ¢o
tac dung din hudng thanh phan tir thong co ban vao roto dong thoi thé hién
duong tré khang cao hon ddi véi dong dién xody trén bé mat roto. Tuy
nhién, ranh ciing lam tang ton that ma sat khong khi, ma & tdc d6 cao duoc coi
thé tham chi 14 16n hon su t6n hao do dong xody, ciing nhu lam giam d6 bén co

hoc cua rotor.
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Bang II
May IM toc do cao trong tai li¢u tham khao va trong

r
1ot A A

. VE B AN - AN
Ve Rotor Rotor Type Power | Speed Reference
[m/s] Diameter (kW] [rpm]
[mm]
367 70 solid coated 60 100000 [17]
342 109 solid coated 300 60000 [30]
290 - laminated 2000 15000 [36]
283 90 solid coated 60 60000 [19]
250 - laminated 8000 12000 [5]
236 90 solid caged 50 50000 [19]
204 325 solid slitted 8000 12000 [13]
193 330 solid caged 2610 11160 [31]
185 118 laminated 100 30000 [32]
182 348 laminated 6000 10000 [62]
180 39 laminated 10 90000 [35]
177 28 solid 6.3 120000 [11]
168 80 laminated 35 40000 [33]
144 90 laminated 65 30600 [19]
solid coated
138 47 laminated 11 56500 [24]
134 51 laminated 21 50000 [23]
126 200 laminated 200 12000 [21]
solid caged
126 200 solid slitted 250 12000 [16]
124 99 solid coated 12 24000 [14]
120 46 laminated 1.5 50000 [39]
102 195 solid slitted 120 10000 [15]
63 50 solid coated 0.7 24000 [19]
62 88 solid slitted 12 13500 [14]
60 25 laminated 0.075 45000 [40]

(a) (b) (c) (d)

H.3.15. So d6 16 to clmg tdc do cao (a) RO to cling mém, (b)
ro to chia ranh cing (¢) ro to duoc che phu (d) Ro to 1ong soc
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Céc nghién ctru chi tiét vé ranh doc truc ciia dong co cam ung roto
ran duogc trinh bay boi Aho [15] va Hupastaen [16]. Trong nhitng nghién ctru
nay, sb ranh cua rotor va ho hinh hoc duoc nghién ctru vd1 muc dich dat duogc
mot thiét ké tong thé t6i wu hoa. Can luu ¥ rang ranh siu cung cap kha ning tao
mo-men tot v6i tra gia lam giam d6 bén co hoc.

Aho khuyén cao mét khe sau khoang 40% -50% céac ro to ban kinh dé dat
dugc mot thoa hiép giita su viing chic cua rotor va giam ton that dong dién
xoay. Tuy nhien, can luu y rang so 1é ctia cac ranh cia rotor s& giam thiéu gon
mo-men va nhung lai gy ton thét ro to do c6 su khong can bang tir.

Mot cai tién hon nita cua roto dat duoc bé“lng phu rdéto ran
mot 16p dong , do d6 dua cam tmg bat dang hudng dién tir [17], [18], nhu trong
hinh 3. 15 (¢). Lop phu déng hoat dong nhu mot sb lwong vo han cua cac thanh
roto va nhu  vong ngan mach. Thiét ké nhu vay 1a manh mé vé mit co hoc va
dat dugc muc hiéu qua cao hon so vdi ciu trac lién kétroto ran don
gian. Hinh.3. 16 cho ta mot dong co IM rotor rin boc dong 300-kW 60.000v /
min st dung cho mdt may nén khong khi [30]. Cau triic nay dugc sir dung cho
may co tdc d6 ngoai vi cao nhat cho & Bang II; tuy nhién, bang cach c6 mot 16p
phu, khe ho khong khi tir stato dén sit roto cao hon nhiéu so véi IM khi céc
thanh ddng nam trong cac ranh, do d6 dan dén hé s6 cong suat kém .

Lahteenmaki va Soitu [19], [20] nghién ctru viéc st dung rd to rin 16ng
soc, nhu thé hién trong hinh. 3.15 (d). Cac y tuéng dang sau cau tric nay la két
hop do bén vé co khi ctia mot rotor ran va hiéu suit dién tir cia mot rotor léng
soc . Nhitng kho khin trong san xuat mot cdu tric lién két nhu vay da duoc bao
cdo, cu thé 1a viéc khoan céac khe bé“mg thép ran; do d6, cac thiét ké co khe roto
mé. Lahteenmaki so sanh rotor ran léng vao mét rotor ran déng boc hién tai cho
mot dong co 60kW 60.000v/ min va thong tin cho rang rotor 16ng soc ting mat
d6 cong sut va va hiéu suat so voi 16 to dugc bao phu nhung tra gia vé sy giam
do chéc chén veé co khi.

Lahteenmaki ciing so sanh mot roto long séc nhidu 16p

v6i mot roto ran duge boc dong [19] cho mot may 30.600v / phut 65kW va bao
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cdo muc hiéu suit cao hon va hé sb sir dung cao hon cho cau trac lién két roto
nhiéu 16p . R6to nhiéu 16p cung cip thém 39% ning luong khi co clng
murc tdng nhiét d§ cudn day stato .

Lateb et al. [5] ciing so sanh cac loai ciu trac réto ran khac nhau
vé6i cau tric lién két roto nhiéu 16p va duge bao céo rang cau trac lién két roto
nhiéu 16p c¢6 mirc hiéu suat cao hon 2% - 3% so Vi cac ciu trac roto ran khéac
nhau, ciing nhu hé s6 cong suit cao hon . Két qua tuong ty da duoc bao cao
boi Ikeda et al. [21], nguoi da so sanh béng thuc nghiém mot cau trac lién két
roto 10ng soc ran véi cdu trac lién két réto nhiéu 16p cho may 12.000 v/ phat

200 kW .

H.3.16.M4t may IM 300kW, 60.000v/minroo to ctrng

Trong tai liéu thuong dugc khuyén cdo rang nén sir dung roéto nhiéu
16p néu co6 thé vé mit co hoc do hiéu sudt cao hon dang ké. Sau day 1a tong
quan vé nhimg gi dd dugc cong bd lién quan dén thiét ké IMs ro-to toc do cao
theo thur ty thoi gian.

Bai viét cua Boglietti et al. [22] 1a mot trong nhitng bai bao dau tién
thao luan vé sy phirc tap lién quan dén viéc thiét ké IMs roto nhiéu 16p toe do
cao. Trong [22], mot cai nhin tong quan dugc dua ra vé cac diéu kién thiét ké
dién, nhiét va thiét ké co hoc, luu y dén mat d6 dong ro-to thong thuong (so
v6i IM tiéu chuan) duoc sir dung trong cac may tdc do cao, dé cap dén 20A/
mmZnhy  mdét con s& dién hinh  chomat  dd dong  16-
to . Boglietti et al. ciing thao luin vé cac van dé cua ton hao sit cao do cac tan
s6 co ban cao trong cic may tdc do cao. Pidu nay thudng han ché cac nha thiét
ké dé chon mot mat do tir thong tuong ddi thap trong ring stato (1-

71



1,1T, so voi 1,5-1,8T cho 50-Hz IM), cling nhu trong cac gong  stator  (1,1-
1,2T, so v6i 1,5 L1,7T cho IM 50 Hz). Tat ca cac van dé néi trén c6 xu hudng
gay ra cac van dé vé nhiét do kich thudc tong thé ciia may nho, dan dén cac hé
théng lam mat cudng bic la mot yéu cau. Cac van dé thiét kéco hoc
duogc thao luan trong [22] lién quan chi yéu dén viée lua chon 6 truc , boi tron
va can bang, luu y dén loai can bang rat cao can thiét cho cac may tdc do cao .

Soong et al. [23] dua ra cach xir Iy toan dién cho thiét ké IM tc do
cao, mo ta cac van dé vé thiét ké va san xuat béng mot nghién ctru thiét ké
truong hop cia dong co 50.000v/ phut 21kW cho ing dung may nén. Nhiing
can nhic di ban dén duoc thuc hién khi chon rnh rotor va vat liéu vong ngén
mach, luu y dac biét 1a nhu cau vé mot loai vat liéu co ung suat, co do bén cao
cho ddy dan rotor, cling nhu mé ta su can bang gitta cach can nhiét khac nhau
trong viéc tim kiém mét sy thoa hi¢p gilra cac tinh chat dién tr va co
hoc. Soong et al. stt dung cac 16p SiFe cho ca roto va stato, va cac vat licu
dugc x1r Iy nhiét riéng sau khi duc 16 dé dat dugc céc dic tinh mong mudn cho
roto va stato (nghia 14 tng suit cao hon cho cac roto va ton that sat thap hon
cho cac 16p cua stato). Van dé Gng sudt trong vat liéu can roto dugce nhan
manh 12 mot van dé quan trong , luu ¥ cach cac thanh roto thay doi tng suat
téi da trong can ddi véi ddooonjg co quay. Van dé ndy ciing duoc thao luan
boi Kim et al. [24], nguoi mo ta thiét ké cua IM 11.000 -56000v / phut cho
may nén ly tdm, luu ¥ viéc sir dung ranh tron dé giam thicéu Gmg suat trong céac
16p roto .

Centner va Schafer [25], [26] thao luin vé loai thép duoc sir dung cho
cac 16p roto nhu 1a mot tham sé t6i wu hoa va cd gang nghién ciru sy phi hop
va so sanh bang cach sir dung cac 16p SiFe va CoFe cho IM tdc do cao. Ho da

so sanh 0,2-mm “Vacoflux 50,” 1a CoFe hgp kim tir Vacuumschmelze GmbH,




cho M270-35A, 1a vat liéu tim SiFe 0,35 mm tiéu chuan thép. Ho d3 ché tao hai
may cho cung mot hop, tirc 1a mdt may dugc lam tir CoFe va may kia tir cac 16p
SiFe, luu y rang, do d6 bdo hoa cao hon, tai tir tinh cia may cao hon c6 thé c6
trong thiét ké CoFe, dan dén hiéu suat cao hon so véi may SiFe (91% so véi
89% & 400 Hz).

Tat cacac may tbc do cao néu trén st dung cac 16p cua rotor-dang
tron. Gerada va cdng su. [34], [35] mo ta mot phuong phap thiét ké lam ting
mat d6 cong suat bang cach sir dung thanh hinh giot thay vi cac thanh rotor tron
thong thudng duoc str dung, cung véi thiét ké riéng cho tai dién va tai tir va chia
ty 18. Cac thanh hinh giot cho phép mat do6 dong trong 1ong roto duoc diéu
chinh theo nhiét d6 roto tdi da mong mudén. Tuy nhién, hinh dang thanh nhu vay
cling 1am tang cac Ung suat trong cac 16p; do do, viéc sir dung mot méi truong
thiét ké da mién két hop 1a rat can thiét. Cac thi tuc duoc st dung dé tang mat
d6 cong suét ctia mot dong co 10 kW 80.000v / min IM, thé hién trong hinh.3.
17, cho mot img dung turbo tang ap.

Cac IM roto nhiéu 10p duoc bdo cio trong tat ca cac tai liéu ddndi o
trén c6 dugc lap rap cac 1a thép nhiéu 16p thong thuong , nghia 1a mot truc ran
v6i cac 16p rong duge lap vao no. Trong [23], duoc bao cdo rang, dbi véi
thiét ké IM truyén thong véi, ty 18 rotor ID / rotorOD dé ting d6 ctng va dé
cho phép tang tye 1¢ nhu vy truc dan tir duoc sir dung. Trong mét bang sang
ché tha vitiép can[27], [28], mot1di hoan toan bang 14 thép dugc sir
dung, voi vong ngan mach duoc co dinh boi thanh giang. Cau tric lién két nay
bao gdm hai dau truc thép va cac 16p sau day du duoc gilr voi nhau bang mot
s6 thanh thép budc. Long soc gdm dong thanh ngan mach phan bd & ngoai vi
ctia 161 va lién két dé hai vong hop kim dong dat & ca hai dau cia cac ngin
xép. Ngan xép va cic vong dugc that chit boi cac thanh giang, ciing dugc

73



phan phdi ¢ ngoai vi cua 18i va van vao dau truc . Cap bang sang ché cong
ngh¢ nay dang dugc su dung bdi CONVERTEAM SAS (nay
1a GE Energy) [5]. Pong condy vé mit thuong maidugc  goi
1a MGV (Moteur grande vitesse), trong cac pham  vi3-30 MW va  tdc
do6 tir 6000 dé 18.000v/min cho may nén dau/khi cong nghiép. Phan tich co
hoc /dong hoc 16 to cdu tric lién két nay dd dugc xir Iy nghiém ngit trong
[29]. Cau tric lién két nhu vay cho phép dat dugc téc do ngoai vi rat cao mot
dong co IM réto nhiéu 16p, véi toe dd 250 m / s duge bao cio [5].

Téc d6 ngoai vi cao nhat dbi v6i IM roto nhiéu 16p dugc duy tri bang cach
st dung cac tinh nang thiét ké vong ngin mach tién tién va bang cach str dung
thép tdm cuong do cao, co tir tinh cho roto (khong phai 1a thép dién). Trong
[36] va [37], phan tich

dugc trinh bay vé cac tinh ning thiét ké vong ngan mach tién tién cho may
cong suat 2 MW 15.000v/ phit, dugc hién thi trong Hinh 3.18, bao gdm mot
mit cit ngang khong hinh dang, giam Gng suit cit va tich hop mot lién két,
gitip giam bot cuong do cing gidi han, cho phép hoat dong véi mot toc
d6 va nhiét 46 rong trong pham vi thiét ké. Pbi vdi cac 16p roto, thép hop kim
AISI 4130 loai may bay cudng d6 cao dugc dé cap [37]. Piéu nay cho phép
tang tbe do ngoai vi cta roto 1€n td1 290 m / s. Tuong tu, trong [38], hop kim cé
do tu tinh cao, AerMet 100 dugc stir dung cho cac 16p roto cho may 45.500 92v
/ phut voi toc do ngoai vi 240 m/s.
3.4.2. Mdy PM téc dé cao

PM may ciing ph bién tng dung chu yéu cho tdc d6 cao vi mirc hiéu suat cua
chung cao, khong giéng nhu dong co IM ton hao rotor co thé duoc giam bang
cachrach; do  d6, cac nhiét doré to co théduochan ché dé giam gia
tri cho phan tan xung quanh. Bang I11 liét ké mot s6 may PM cua cac toc do
cao tim théy trong tai liéu tham khao, mot lan nira theo trat tu cua toc do ngoai
vi.Noguchietal. [41]dd  thiét kémot  may PM 2-kW 220.000v/min
cho mot turbin ting 4p don. Cac 16 to duoc bang cic nam cham vong dit song

song dugc trang bitrén mot truc thidm va gitt  lai bo1 mot bang  soi
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carbon. Mot trong tinh ning tha vi cua ro to nay 1a su thay bat thuong sau khe-
hai cuc quan tap trung. BO tri cuén diy nay cho ta hé sd quan day co ban
0,5 viéc tao cac song hai mé men diéu do da duoc phan tich. Piéu d6 di chi ra
rang ton hao dong tin do hé s6 cudn diy thiap. NO duogc thé
hién rang céc ting trong dong thiét hai do dé céc thap quanh co yéu
t6 xa outweighs sy giam trong rotor thua 16 dan dén tir sy théng thuong duogc
st dung hon ba khe-hai cuc phan doan két hop khe cuc. Su két hop cuc
nay ciing dugc st dung bdi Shigematsu et al. [44], nguoi da nghién clru cac ky

thuat dé giam ton that roto . Tuy nhién viéc lya chon t6 hop ranh-cuc tuwfkeets

H.3.18. RO to may dién 2MW, 15.000v/p ghép bang céc 1a thép
qua 1a hiéu sudt cam ung tr tingdiéu d6 cho phép may lam yéu kich
tir. Noguchi et al. cling md ~ ta cac thiét kéciamot dong co PM 1,5-
kW 150.000v / min chométo tdobom tang ap [42], [43], trong o6 su
dung mot rotor xdy dung gidng nhu vay va két hop cuc-ranh, nhung duoc giir
chat bang soi thuy tinh.

Wang va céng si. [45] mo ta céc rotor thiét ké c6 cac tinh ning ciia mot
dong co PM 22kW 120.000v/min véi muc dich cai thién thiét ké ro to dé diéu
khién cam bién. Trong bai bao nay, hai cdu hinh 16 to dugc trinh bay: mot sir
dung rotor 1a cic vong nam chidm rong song song va dong co cac khac su
dung rotor hai doan song song nhiém tir trén mdi cuc. Ca cym tir tinh lap rap
vira van trén truc va duoc gitr lai béng 6ng boc titan. N6 duoc chi ra rﬁng, béng
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cach phan doan cac nam cham tir héa song song, cd hai tur truong co ban va bac
3 ¢ khe ho khong khi déu cai thién, do d6 1am cho dong co tét hon dé diéu
khién khong cam bién.

Zwyssig et al. [46], [47] da ché tao va thir nghiém mot c6 tbe do cao
nhat . Trong [46], viéc thiét ké, phan tich va thir nghiém may phat PM 100W
500 .000v/phut cho tuabin khi c¢& trung binh dugc mé ta. Cacrd to bao
gdm ctia mot nam cham ran hinh tru song song duogc giilt trong vong mot phan
rong ctia mot hai phﬁn truc titan. Cac van dé co hoc va dong hoc tur tinh duoc
xem xét thiét 1ap duogc mod ta. Cac chi tiét cua cong trinh ndy dugc trinh bay

trong hinh. 3.19.

winding

rotor sleeve

permanent magnet
high-speed ball bearing
stator core

cooling sleeve motor

H.3.19 m{t may PM 100W,

May nay duoc nhan rong 1én dén mot 1-kW 500.000v/min mét nat cong
suit [47], do d6 da ting duogc tdc d6 ngoai victa rd to. Ca hai may st dung
stato khong x¢& ranh, véi cac muc dich ctua vige giam thiéu ton hao rotor
va tranh dugc su st dung stato c¢6 ring rat mong (tic 1a yéu co khi) ring
stato. Cac tac gia twong tu ciing phat trién mot may PM c6 cong suat 100W va
tbc d61.000000v/ phut [4].

Zhao va cong si. [48], [49] trinh bay thiét ké dong co PM 2kW
200.000 v/phut cho bd lam lanh chu trinh Brayton ddo nguoc. Tuwong ty nhu
[47], mot stato khong duc ranh dugc su dung, va mot nam cham ran dat bén
trong mot rong tryc. Samarium hay coban dugc str dung do tinh 6n dinh cia nd
0 nhi¢t do0 dong lanh. Mot nam cham hinh elip dugc st dung trong nguyén

mau nady , mac du khong co6 1y do nao dugc dua ra cho vi¢c nay.

Bang II1
May PM toc do cao trong tai li¢u tham khao va trong cong

r
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Takahashi va céng sw. [50] thao ludn va can nhic thiét ké cho dong co
5 kW 150.000v /phit cho mot tng dung may moc cong cu. Cac tinh nang thiét
ké quan trong dugc nghién cuu, dac biét luu y nhitng lo1 ich cia vi¢e st dung
mot khe hd khong khi vat 1y 1on cho may tdc do cao, dé giam gon song khe ho
va giam ton hao do dong xody va éng lot.. P6i voi ciing mot thiét ké dién tur
mot s6 luong cac 6ng 16t day va vat liéu duoc nghién ctru thuc nghiém khang
dinh tinh khong hi€u qua cua viéc sir dung mét khe hd khong khi tuong ddi
16n va nhiing loi ich cua viéc st dung 16p phip dan dién thap dam bao gitr ton
hao ro to & muc théip. Nhiing lo1 ich cua viéc st dung vat li¢u dan dién thép dé

gilr nam cham cling dugc xac minh boi Cho et al. [51], nguoi da thuc hién so
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sanh voi nhitng t6n hao cia mot may dién c6 cong suat 50 kKW va toc do
70. 000v/ min cho tu bin nén khi c6 st dung mot éng 16t Inconel718, mot thiét
ké sir dung mot éng lot soi carbon, luu ¥ giam gap sau 1an tén hao trong 16 to.

Binder va céng sir. [52] cung cap cong thirc phan tich dé thiét ké hé
théng luu giit soi carbon cho cac may téc do cao, minh hoa bing nghién
ctru truong hop dong co 40kW, 40.000v/phat . Trong cung bai viét nay, su
dung cung moét nat dién / tde do, nhiing han ché toc dd cua viéc sir dung may
IPM cho dat dugc nam cham duogc nghién ctru, va né dugc bao céo rﬁng, béng
cach st dung thép 16p cudng SIFE truyén thdng, cac toi ngoai vi tbi dugc gidi
han dén khoang 80 m /S. Tdc do ngoai vi Cao hon cho IPM may co thé chi dat
duoc bang thép silic ¢ dd bén cao, nhu mo ta cua Honda et al. [62] nguoi dat
duoc toc do ngoai vi vuot qua 230 m / s cho mot IPM.

Tai liéu tham khao khac da tap trung vao phuong phap thiets ké da moi
truong va t6i uu hoa may tbc do cao, chéng han nhu cong viéc dugc thuc hién
boi Pfitser va Perriard [53], ngudi thiét ké va tdi uvu hoa mot 2-kW 200.000v/
min va cac cong viéc trinh bay bdi Bianchi et al. [54] - [56], nguoi da nghién
ctru céc tuy chon thiét ké sir dung cac vat li¢u khac nhau cho dong co 1kW 25.
000v/p cho tng dung may moc cong cu. Can luu v rang, dbi véi tat ca cac may
néu trén, mot may SPM voi 6ng 16t cuong do cao (soi titan / inconel / carbon /

so1 thuy tinh) hau nhu chi duoc st dung.

3.4.3. Mdy SR téc dé cao

Mic du it pho bién hon cho cac tmg dung tdc do cao so voi may IM va
may PM, mot s6 may SR di dugc phat trién cho mot sd tGng dung thich
hop. Khu vuc ung dung pho bién hon danh cho cac thi truong san xuat hang
loat chi phi thap (Ién dén 1 kW) nhu may hut bui va may thoi khi [65] -
[67]. Cac may nay thuong dugc ché tao rat don gian v6i cau hinh hai cyc bdn

khe thuong duogc str dung.
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Mot tmg dung khac cho may SR téc d6 cao danh cho dong co may bay
chay dién [63], [64]. O day, may SR thuong dugc st dung lam h¢ théng khoi
dong/may phat (S/ G) dé khoi dong va khai thac dién tha cép. Kha ning
khong gy On , cdu trac don gian va kha ning hoat dong trong méi truong khic
nghiét (nhiét d6 moi trudng khoang 400° C) khién SR tro thanh lwa chon phu
hop cho tng dung nay. Str dung cac may nay, hau nhu doc quyén, cac 16p phu
coban vanadi sit c6 do bén cao nhu Hiperco 50 HS. Bang IV liét ké mot s6 may
SR téc d0 cao duoc tim thay trong tai liéu. Trong sy ving mit cta cac kich

thudc chi tiét cua roto may duoc xép loai theo of r/minVkW kW.

Bang IV
May SRM tdc do cao theo tai li¢u tham khao va trong cong nghiép xEp
hano thea RPM A/ I\

rpm kW rpmVkW Ref.
22200 250 3.51E+05 [63]
52000 30 2.85E+05 [64]
60000 I 6.00E+04 [65]

e~ ey~ H3.20 May dong b 30kW 100.000v/p don ===~ ~wveo bo
c6 cudn day kich tir phd bién; tuy nhién, trong trudng hop cia cac may don cuc,

cudn day kich tur (hodc nam cham) dugc dat ¢ stato chur khong phai roto. Chu
trac lién két nhu vay dan dén mdt ciu trac rd to chic chin don gian co thé dugc
xdy dyng tir mdt manh thép cuong do cao duy nhat va phu hop cho hoat dong
tbc d6 cao. May don cuc di duoc nghién ctru chii yéu cho cac hé théng luu triv
ning luong banh da téc do cao [68], [75] trong d6 didu quan trong 13 c¢6 tén hao

md men quay zero thap va ton that ro to thap do may hoat dong trong chan
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khong. Tsao [68] da thiét ké va thir nghiém mdy cong suat 140. 000v/phut, cong
suat 140 kW, duoc thé hién trong hinh 3.20, cho mdt banh da tich hop. Mdt roto
ran ¢6 do bén cao duoc s dung cho cd rdto dién tor va bg tich trit nang
luong. Trong dong co, bén cuc duoc cit thanh hai phan trén va dudi cua rotor,
v6i cac cuc dudi xoay 45° so véi cac cuc trén. Cudn ddy kich tir bao quanh phan
trung tam hinh tru cua roto. May thir nghiém dat duoc mdt hi¢u suét trung binh

83% tai cong sudt trung binh cta 9,4kW, trén pham vi téc d6 30.000-60.000v/p
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e Surface PM Machine
® Solid Rotor Induction Machine
1000 | % Switched Reluctance Machine
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speed (rpm)
H.3.21. Nt toc d6 va r/min

i Bang V ,
Tong quan g161 han ciia may dién toc do cao
Machine Technology rpmVkW m/s
solid rotor IM 1x10° 400
surface PM with sleeve (no rotor laminations) 8x10° 300
laminated rotor IM with high strength SiFe 6x10° 280
SR with high strength VCoFe laminations 3.5x10° 210
laminated rotor IM with normal SiFe 2.5x10° 185
IPM with high strength SiFe laminations 1.5x10° 230
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Maas [74] cling d3 phét trién mot may don cuc dong bd cho hé théng banh da
10.KW 50.000v/phut [75].
3.5. May phat téc do cao chuin
Vo1 cac may duoc liét ké trong khdo sattai li€u, cling nhu cadc may
khac tir mot khao sat cong nghiép riéng biét cho & Hinh 3.21. Trong con s6 nay,
cac nut cong sudt tbc dd duoc v& cho tit ca cac mdy xdy dung va thu
nghiém cuia cac tac gia da biét.
Trén cung mot dudng dic tinh, cac dong v/min V kW dugc dit chong

lén nhau, khai niém vé v/min V kW, nhu d3 gi¢i thiéu va mé ta trong [1],

La mot cAu tric xtmg dang cho may moc quay téc do cao . N6 cung cip mot
s6 huéng dan dang tin cdy cua nguoi dung dé danh gia tir sy két hop giira toc
do va cong suit, muc do nghiém trong cua cac van dé dong hoc nhu tdc do toi
han , gi4 tri cao cua 6 d& dN , téc d0 ngoai vi, tng suit va do nhay dé can
bang t6t [1].

N6i chung, cac van dé dong nang 1a khong dang ké d6i véi may moc

thiét bi hoat dong dudi 1x10 °v/ min VKW va vira cho may quay hoat dong gitta

\/

1x10°r / min ' kW va 1x10 °r / phut VKW . nhitng van dé toan hoc trén day
kho6 nhan duogc su chinh xac hoan toan[1].

Céac quan sat sau day duoc ghi nhan cho may dién quay toc do cao va
duogc tom tat trong Bang V.

1) Cac v/ min cao nhat VKW, chi can vuot qua 1x10 ® dat dugc chi
thong
qua coéng nghé IM ro to ran. Céng nghé nay ciing dat duoc toc do ngoai vi cao
nhat duoc bao co, khoang 400 m / s.

2) May ddng bé mi phing voi mot cudng do cao duy tri co ché (thuong
1a Inconel, titan hodc sgi carbon) hi¢n bi gi61 han & khoang 8x10 >r/ phut VKW

va tbc do ngoai vi 300 m / s.
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3) Rotor bang cac 14 thép ép st dung cac 14 thép dién ki thuat thong
thuong dat duoc r/minVkW khoang 2x10 ° r/minVkW va tc d6 ngoai vi 185 m
/s.

4) IMs nhiéu 16p str dung thép tim cudng d6 cao cho céc 16p, chang

han nhu AerMet 100 hoic AISI 4130 c6 thé dat dugc khoang 2,5 x10 °
r/minVkW. Diéu nay co thé cling dat duoc béng cach st dung cac loai thép di¢n
cuong do cao méi dugc gidi thi€u voi ung suét vuot qua 800 MPa, chéng han
nhu 35HXT780T. Tdc d6 ngoai vi dién hinh 14 theo thir tw 280 m / s.

5) My SR c6 tir hoa bdo hoa cao va cac 16p ghép VCoFe tmg suit cao
dat duoc r/minvkw khoang 3,5x10° va tbc do ngoai vi trén 200 m/ s.

6) Phat trién cua thep do bén cao la tao mot kha ning cho may PM dé
dé st dung cho tdc do cao thé dat dugc v6i hon 1,5x10 °r/ phit r/minVkW va
230 m /s co [62].

3.6.Két luan

Viéc lua chon va thiét ké cia cAu hinh may dién cho cac ung dung tbe
d6 cao thuong 1a mot van dé phirc tap ma phai dugc quyét dinh bang cach xem
xét chat ché cac nganh khoa hoc c¢6 lién quan, cu thé 1a dién tur, co khi, nhiét
dién, dién ttr va dién tir cong suat. Noi dung chuong nay da trinh bay nhiing tng
dung chinh dé thuc day sy phat trién cta cac cong nghé, trinh bay nhitng tmg
dung cia may c6 toc do cao vao trong cac linh vuc cong nghiép va doi séng dua
trén céc tai liéu tham khao phong phu ciing nhu nhimng két qua cua cac nha thiét
ké kinh nghiém di xac dinh cac thong sb c6 thé dat duoc r/minVkW va téc do
cho cac cau trac lién két.

Nhitng kha niang thuong mai gan ddy cua cac thép co do bén co hoc
cao sé tao kha ning cho cac may IM duing céc 1a thép ép s& duoc ding nhiéu
trong cac may dién c6 toc do cao.

PHAN KET LUAN

Trong thdi gian 1am d6 4n em d tim hiéu dugc hoat dong ctia may dién dic
biét 1a may dién toc do cao. Qua diy em nhan thdy rang mot linh vyc moi cia may
dién la may dién tdc d6 cao da phat trién va duoc ung dung trong nhiéu kinh vuc va da
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c6 nhiing két qua dang quan tam.

Do kién thirc han ché nén viéc tim hiéu ctia em con chua sau, em sé& cd ging
hon sau nay.

Em xin dugc cam on thay gido hudng dan GS.TSKH Than Ngoc Hoan da giup
em rat nhiéu dé hoan thanh d6 an nay.

Em xin cam on céac thay thudc bd moén Tu dong Cong nghiép cua truong Dai
hoc Quan 1y va Cong nghé da giup em trong qua trinh hoc tap.

Em xin cam on tit ca cac can bd, nhan vién nha truong da gitp d& em trong
qua trinh em hoc tap ¢ trudng. Nhiing thiéu sot ciia em mong dugc cac thay cd, cac
can bo cong nhan vién ctia nha truong thi 16i.

Em xin chan thanh cam on.

Hai phong thang 12-2019

Sinh vién Poan Van Ngoc

Tai liéu tham khao
[1] RD van phayen va JD van phayen, mo-men xoan dich chuyén pha dé phat
trién va giam sat tuabin khi, rén trong Proc. Ngi b6 Tua bin khi
Aeroengine Congr. Hpi cho trién lam. , Thang 6 nim 1991, trang 1 tran10.
[2] JS Shao, LK Hwang, P. R. Miller va SJ Charlton, hé théng kiém soat va
phan phdi EGR, sir dung mdy nén toan quyén chuyén dung , Bing sang

ché Hoa Ky 6 216 460, ngay 17 thang 4 nam 2001.

83



[3] C. Nelson, Phuc hoi nang lugng xa, thang 6 nam 2010 [Truc tuyén]. C6

san: http://www1.eere.energy.qov/vehiclesandfuels/pdfs/merit Vview 2010

/ high-eff_engine_tech / ace041 nelson 2010 o.pdf

[4] C. Zwyssig, J. W. Kolar va SD Round, hé théng 6 dia Meg Megeedeed:
Béy xa hon 1 triéu r / phit, xong IEEE / ASME Trans. Co dién tir , tap. 14,
khong. 5, trang 564 Vang574, thang 10 nam 2009.

[5] R. Lateb, J. enon, va L. Durantay, “cao toc do, cao sttc manh dién duction
trong- dong co cong nghé cho tich hop may nén
khi,” trong Proc. ICEMS , thang 11 nam 2009, trang 1438 141414 .

[6] L. Goldstein, B. Hedman, D. knowles, S. I. Freedman, R. Woods, va
T. Schweizer, Cong nghé tai nguyén ning luong phan tan dét chay khi dét,
x0ng hoi. Phong thi nghiém nang Iuong tai tao., Golden, CO,
USA, Tech. Dan biéu NREL / TP-620-34783, thang 11/2003.

[7] Bladon Jets Tua bin khi. [Truc tuyén]. C6 san: http:
Ilwww.bladonjets. com / cong nghé / khi-tua-bin

[8] K. Senda, M. Namikawa, va Y. Hayakawa, Thép Dién cho Vat li¢u 16i Xe
6 t6 dugc quang cao cho Pong co, May phat dién va Lo phan tng tan
s6 cao , Res JFE Steel Res. Phong, Tokyo, Nhat Ban, Tech. Dan biéu ngay
4 thang 11 nam 2004.

[9] I. Tanaka va H. Yashiki, Tt tinh va co tinh cta thép dién khong
dinh hudng cuong dd cao maéi dugce phat
trién , xong IEEE Trans. Magn. , tap 46, khong 2, trang 290 Tir293, thang
2 nam 2010.

[10] M. Yabumoto, T. Wakisaka, N. Suzuki, C. Kaido, va T. Kubota, Tam thép
dién cua hang cho dong co kéo cua xe hybrid / xe dién , day thép Nippon
Res. Phong thi nghiém, Tokyo, Nhat Ban, Cong nghé. Dan biéu 87, thang
7 nam 2003.

[11] JR Bumby, E. Spooner va M. Jagiela, phan tich mach tuong duong cua

cac may cam ung roto ran co lién quan dén cac tmg dung may gia tdc tang

84


https://translate.google.com/translate?hl=vi&prev=_t&sl=auto&tl=vi&u=http://www1.eere.energy.gov/vehiclesandfuels/pdfs/merit_review_2010/
https://translate.google.com/translate?hl=vi&prev=_t&sl=auto&tl=vi&u=http://www1.eere.energy.gov/vehiclesandfuels/pdfs/merit_review_2010/

ap, Proc Proc. Pién tir IEE. Ung dung dién . , tap 153, khong 3, trang 31
313939, thang 1 ndm 2006.

[12] J. R. Bumby, E. Spooner va M. Jagiela, may cam tng roto rin dung dé
str dung trong cac dong co ting ap duoc hd trg bang dién ,
xong trong Proc. Ngi bo Conf. PEMD , thang 4 nam 2006, tap. 1,
trang 341 Phan345.

[13] J. Pyrhonen, J. Nerg, P. Kurronen va U. Lauber, Hoi cong nghé dong co
cam tmg ran toc do cao, cong suit cao, roto ran dé nén khi, xéng IEEE
Trans. Dién tu. , tap 57, khong 1, trang 272 truc280, thang 1 nam 2010.

[14] J. Pyrhonen va J. Hupastaen, trom Mot dong co cam tng roto ran toc
d6 trung binh méi cho may phay toc do cao, & Proc. TOC DO , 1996,
trang B5-1, B5-8.

[15] T. Aho, Thiét ké dién tir ciia dong co roto bang thép dic cho moi
truong hoat dong bat budc , tién si Ph.D. Luan
an, Lappeenranta Univ. Technol., Lappeenranta, Phan Lan, 2007.

[16] J. Hupastaen, may cam ung roto ran toc do cao, toc do cao, tinh toan va
thiét ké dién tir, Ph.D. Luén 4n, Lappeenranta Univ. Technol.,
Lappeenranta, Phan Lan, 2004,

[17] J. Saari va A. Arkkio, Giam ton that trong dong co khong dong bo toc
d6 cao, rén trong Proc. ICEM , thang 9 nam 1994, tap. 3, trang 704
70708708.

[18] N. D. Sharma, R. Anbarasu, J. Nataraj, A. Y. Dangore, va
B. Bhattacharjee, diéu tra thi nghiém trén dong co cam ng roto ran va
composite tdc d6 cao, da & Proc. Néi b Conf. Power Electron., T ruyén
nang lwong Syst. Tang truong An D¢ , thang 1 nam 1996, tap. 2, trang 913
Tu919.

[19] J. Lahteenmaki, Thiét ké va cung cap dién 4p cia may cam tmg toc do

cao, Ph.D. Luan an, Helsinki Univ. Technol., Espoo, Phan Lan, 2002.

85



[20] J. Lahteenmaki va V. Soitu, “So sanh cua ran thép rotor véi mot 16p phi
d6ng hodc v6i mot cai 1ong dong cho mot 60kW 60 000 may nén RPM,”
trong Proc. ICEM , thang 8 nam 2000, tap. 2, trang 623 tr626.

[21] M. Ikeda, S. Sakabe va K. Higashi, nghién ctru thir nghiém vé dong co
cam tng tdc do cao thay dbi cau tric 16i roto, xéng IEEE Trans. Trao
doi nang luong . , tap 5, khong 1, trang 98 can103, thang 3 nam 1990.

[22] A. Boglietti, P. Ferraris, M. Lazzari, va F. Profumo, “Vé cac thiét
ké cua dong co cam ting tan so rat cao cho cac tng dung truc chinh”
trong Conf. Rec. IAS Annu. Cugc hop , thang 10 nam 1992, tap. 1, trang
25 tran32.

[23] W. L. Soong, G. B. Kliman, R. N. Johnson, R. A. White, va
JE Miller, dong co cam tmg toc d6 cao Novel cho may nén khi trung binh
thuong mai, |EEE IEEE Trans. Ung dung Ind. , tap 36, khong 3, trang 706
tran713, thang 5 nam 2000.

[24] Y. K. Kim, MC Choi, KH Suh, Y. C. Ji va DS Wang, phat trién dong
co cam ung téc dd cao cho may nén ly
tam nho , xong trong Proc. ICEMS , thang 8 nam 2001, tap. 2, trang 891
cuong894.

[25] M. Centner va U. Schafer, “T6i uu hoa thiét ké ctia dong co cam ung toc

dd cao trong su ton trong cua cac dién thép 16p”, IEEE Trans. Ind. Electron. ,
tap 57, khong 1, trang 288 Vang295, thang 1 nam 2010.

[26] M. Centner, Tét Entwurf und Erprobung Schnelldrehender Asyn sync-
maschinen unter Besonderer Berlicksichtigung der
Magnetisch Akunchen Materialien, Lau Ph.D. Luan an, Cong
nghé Berlin . Pai hoc, Berlin, Buc, 2009.

[27] K. Velloso Coleues , J. F. Pradurat, N. Barras va E. Thibaut, Thiét ké cua
dong co cam tng toc d6 cao va bién tan lién két cho may ly tim truyén

dong truc tiép, & Proc. ICEM , thang 9 nim 2008, trang 1 bong5.

86



[28] P. Bawin, R. Botte va JM Edebouw, Pdng co dién véi cong suat cao va
tbc dd quay, Bang sang ché Hoa Ky 5 512 792, ngay 30 thang 4 nim
1996.

[29] G. Mogenier, R. Dufour, G. Ferraris Besso, L. Durantay va N. Barras,
Nhan dang cac dic tinh ctia ngin xép can: Ung dung cho dong co cam ting
tbc do cao , IEEE IEEE Trans. Ind. Electron. , tap 57, khong 1, trang 281
Vang287, thang 1 nam 2010.

[30] J. F. Gieras va J. Saari, tinh toan hiéu suit cho mot dong co cam tGng roto
ran toc do cao, toc do cao cua IEEE IEEE. Pién tir. | tap 59, khong 6, trang
2689 bi¢n2700, thang 6 nam 2012.

[31] B. M. Wood, C. L. Olsen, G. D. Hartzo, J. C. Rama va F. R. Szenasi,
Phién ban dong co ctia dong co cam tng 3500-HP 11000-r / phut va 6 dia
tbc do co thé diéu chinh cho dich vu nha méy loc dau, IEEE IEEE
Trans. Ind. Appl. , tap 33, khong 3, trang 815 tran825, thang 5 nam 1997.

[32] F. Viggiano va G. Schweitzer, hd tro tir tinh Active Active va thiét ké cac
canh quat tdc d6 cao cho cac 6 dién manh mé, da & Proc. Ngi bé Triéu
chung Magn. Vong bi , thang 7 nam 1992, tap. 1, trang 549 mgc558.

[33] R. Siegwart, R. Larsonneur va A. Traxler, Thiét ké va hiéu suét cia truc
chinh toc do cao trong AMB's, diéu khién k¥ thuat s6 tai Proc. Ngi
bo Triéu chirng Magn. Vong bi , thang 8 nam 1990, tap. 1, trang 197

[34] D. Gerada, A. Mebarki, NL Brown, KJ Bradley va C. Gerada, tam
biét cac khia canh cia may cam tng nhiéu 16p mat do ning luong cao toc
do cao, IEEE Trans. Dién twr. , tap 58, khong 9, trang 4039 214040, thang
9 nam 2011.

[35] D. Gerada, A. Mebarki, NL Brown, H. Zhang va C. Gerada, Thiét ké, mo
hinh héa va thir nghiém mot 6 dia cam mg téc do
cao, xong trong Proc. ECCE , thang 9 nam 2012, trang 4649 cudng4655.
[36] M. Caprio, V. Lelos, J. Herbst, va J. Upshaw, “Nang cao cam tng dong co
endring tinh nang thiét ké cho cac ung dung tdc d6 cao,”
trong Proc. IEMDC , thang 5 nim 2005, tap. 1, trang 993 s6998.
87



[37] M. Caprio, V. Lelos, J. Herbst, S. Manifold, va H. Jordon, May cam tng
cudng O cao , roto, vong cudi 16ng roto va khop thanh |, vong cudi roto , va
cac phuong phap lién quan, Hoa Ky Béang sang ché 7 504
756, ngay 17 thang 3 nam 2009.

[38] M. Mekhiche, JL Kirtley, M. Tolikas, E. Ognibene, J. Kiley,

E. Holmansky, va F. Nimblett, “cao téc d6 dong co 6 dia phat trién cho
cong nghiép ung dung,” trong Proc. IEMDC , thang 5 ndm
1999, tap. 1, tr 244 244248.

[39] M. Larsson, M. Johansson, L. Naslund va J. Hylander, Thiét ké va
danh gia may cam tmg toc d6 cao , xong trong Proc. IEMDC , thang 6 nim
2003, tap. 1, trang 77 Lo182.

[40] R. Anbarasu, R. K. Gupta, N. D. Sharma, G. Gauthaman, A. K. Wankhed
e, P.H. Chavda, J. Nataraj va B. Bhattacharjee, Thiét ké va diéu tra thur
nghiém dong co cam tng 1ong soc toc do cao, xéng & Proc. Ngi
bé Conf. Power Electron., Truyén nang lwong Syst. Tang triuong An
Do , thang 1 nam 1996, tap. 2, trang 920 Vang926.

[41] T. Noguchi, Y. Takata, Y. Yamashita, Y. Komatsu, va S. Ibaraki, Hoi
220000 r / phat 2kW PM 6 dia cho turocharger, trom IEEJ
Trans. Ind. Appl. , tap 125, khong. 9, trang 854 Tu861, thang 9 nam 2005.

[42] T. Noguchi va M. Kono, Phat trién 150000r / phtit Dong co nam cham
vinh ctru 1,5kW cho siéu tang ap 0 t0, xong
vao Proc. IEEE Conf. PEDS , thang 11 nam 2007, trang 183.

[43] T. Noguchi va T. Wada, “1.5kW, 150000r / phut siéu toc d6 cao AM dong
co nudi dudng bdi nguodn dién 12V cho supercharger 6 t0,”
trong Proc. EPE , thang 9 nam 2009, trang 1 vang9.

[44] K. Shigematsu, J. Oyama, T. Higuchi, T. Abe va Y. Ueno, Canh Nghién
ctru vé dong dién xoay trong phan tich khép ndi réto va mach cho dong co
tdc d6 cao va siéu tdc, siéu tde & Proc. IPEMC , thang 8 nam 2004,
trang 275 Tu279.

88



[45] K. Wang, MJ Jin, JX Shen va H. Hao, hung Nghién ctru vé cdu
trac  canh quat véi su ldp rap nam cham khac nhau trong DC Motors
khong chdi than toc do cao, cam bién IET Proc. Tring tuyén. Ung
dung dién . , tap 4, khong. 4, tr. 241 Vang248, thang 9 nam 2010.

[46] C. Zwyssig, J. W. Kolar, W. Thaler va M. Vohrer, Thiét ké cua mot may
phat nam cham vinh ctru 100W, 500000 vong / phut cho cac tuabin khi
mesoscale, ¢ tai Conf. Rec. IAS Annu. Cugc hop , thang 9 nam 2005,
trang 253 Lo1260.

[47] C. Zwyssig, M. Duerr, D. Hassler va J. W. Kolar, Canh Mét tdc dd cuc
cao, 500000 vong / phit, hé thong truyén dong dién 1
kW, Hoi & Proc. PCC thang 4 nam 2007, trang 1577 cuongl583.

[48] L. Zhao, C. Ham, L. Zheng, T. Wu, K. Sundaram, J. Kapat, va
L. Chow, “Mot danh gia cao hiéu qua 200,000RPM vinh vién nam
cham dong co h¢ théng”, IEEE Trans. Magn. , tap 43, khong. 6, trang 2528
Tu2530, thang 6 nam 2007.

[49] L. Trinh, T. X. Wu, D. Acharya, K. B. Sundaram, J. Vaidya, L. Zhao,

L. Zhou, CH Ham, N. Arakere, J. Kapat va L. Chow, Thiét ké ctia mot
dong co nam cham vinh ctru siéu tdc d6 cao siéu tdc ,

xong |IEEE Trans. Magn. , tap 41, khong 10, trang 3823 Tu3825, thang
10 nam 2005.

[50] I. Takahashi, T. Koganezawa, G. Su, va K. Ohyama, “Mot siéu cao téc do
hé thong 14i xe co gidi bang mot bién tin ngudn ban hién tai,” IEEE
Trans. Ind. Appl. , tap 30, khong. 3, trang 683 bong690, thang 5 / thang
6. 1994.

[51] H. W. Cho, S. M. Jang, va S. K. Choi, M6t cach tiép can thiét
ké dé giam ton that roto trong may nam cham vinh ciru toc d cao cho may
nén turbo, xong IEEE Trans. Magn. , tap 42, khong. 10, trang 3521
tran3523, thang 10 nam 2006.

[52] A. Binder, T. Schneider, va M. Klohr, ¢6 dinh cac nam cham chén va gin

trén bé mat trong cac may dong bd nam cham vinh ctru toe do cao , IEEE
89



IEEE Trans. Ind. Appl. , tap 42, khong. 4, trang 1031 tran1037, ngay 7
thang 7. 2006.

[53] P. D. Puitser va Y. Perriard, Triéu Dong co chiéu khong khe téc
d6 rat cao : Phuong phap mo hinh hoa, toi wu hoa, thiét ké va do mé-men
xodn, Thiét bi IEEE Trans. Pién tir. , tap 57, khong 1, trang 296 Goc303,
thang 1 nam 2010.

[54] N. Bianchi, S. Bolognani, va F. Luise, “Tiém ning va gi6i han
clia cao toc PM dong
co”, IEEE Trans. Ind. Appl. , tap 40, khong 6, trang 1570 Tw1578, thang
11 nam 2004.

[55] N. Bianchi, S. Bolognani va F. Luise, Phan tich va thiét ké mot dong co
khong chdi than PM cho céc hoat dong tdc do cao, xong IEEE Trans. Nang
lwong Con- vers. , tap 20, khong. 3, trang 629 Di¢n637, thang 9 nam 2005.

[56] N. Bianchi, S. Bolognani, va F. Luise, “cao toc d6 6 dia str dung mot PM
dong co slotless,” IEEE Trans. Pién tur cong sudt ., tap 21, khong 4,
trang 1083 Manh1090, thang 7 nam 2006.

[57] G. Munteanu, A. Binder, T. Schneider, va B. Funieru, “No-load kiém
tra cua mot 40kW tdc do cao bearingless dong co déng bo nam cham vinh
ctru,” trong Proc. Ngi b6 TOC PO , thang 6 nam 2010, trang 1460
L6i1465 .

[58] T. Schneider, J. Petersen va A. Binder, tam anh hudng cua cac
td hop cap cuc ddi vai hiéu suét dong co nam cham vinh ctru khong mang
téc do cao, & Proc. PEMD , thang 4 nam 2008, trang 707 L&i711.

[59] JD Ede, ZQ Zhu va D. Howe, cong hudng roto cia may khong choi than
nam cham vinh ctru tbc do cao, xéng IEEE Trans. Ind. Appl. , tap 38, khong 6,
trang 1542 Vang1548, thang 11/2002.

[60] D. Gerada, A. Mebarki, N. L. Brown va C. Gerada, Thiét ké t6i

ru cia mot PMSM vét thuong tap trung tdc do cao, xong

vao Proc. ICEMS , Tokyo, Nhat Ban, thang 11 nam 2009, trang 1 tran6.

90



[61] T. Wang, F. Wang, H. Bai, va J. Xing, Téi uu hoa thiét ké cu trac canh
quat cho cdc may nam cham vinh ctru tdc dd cao, da
trong Proc. IEEE ICEMS , thang 10 nam 2007, trang /438 Manhi1442 .

[62] Y.Honda, S. Yokote, T. Higaki, va Y. Takeda, “St
dung cac Halbach mang nam cham dé phat trién mot dong co truc chinh
siéu cao toc do cho may cong cu,” trong Conf. Rec. IAS Annu. Cudc hop
thang 10 nam 1997, tap. 1, trang 56 dinh60.

[63] E. Richter va C. Ferreira, Panh gia hiéu suat ciia mot may phat khoi
dong mién cudng chuyén d6i 250 kW , Hoi & Conf. Rec. IAS Annu. Cudc
hop , thang 10 nam 1997, tap. 1, trang 434 mo440.

[64] CA Ferreira, SR Jones, W. S. Heglund, va W. D. Jones, Thiét ké duy kién
ctia hé thong S / G mién cudng chuyén doi 30 kW cho mét img dung
tuabin khi, xong IEEE Trans. Ind. Appl. , tap 31, khong 3, trang 553
bong561, thang 5 ndm 1995.

[65] HJ Brauer va R. W. deDoncker, mé hinh nhiét ciia mot SRM tdc do
cao cho may hut bui, hoi & Proc. EPE , thang 9 nam 2011, trang 1 tran10.

[66] J. Kim va R. Krishnan, “hiéu qua cao don xung 6 diéu khién
SRM cho cao toc do tng dung,” trong Conf. Rec. IEEE IAS Annu. Cudc
hop , thang 10 nam 2008, tap. 1, trang 1 vang8.

[67] D. H. Lee, T. H. Pham va J. W. Ahn, Pic tinh thiét ké va van hanh cta
SRM tdc dd cao bdn cuc hai cuc dé gidm gon mo-men xodan, |IEEE
IEEE Trans. Di¢n tu. , tap 60, khong 9, trang 3637 bong3643, thang 9 ndm
2013.

[68] P. I. Tsao, “Mot tich hop banh da nang lugng luu trir hé
théng voi mot homopo- lar cudn cam dong co / may phat dién va 6 tan sb
cao”, tién si luan an, Univ. California, Berkeley, CA, Hoa Ky, 2003.

[69] A. Boglietti, Rl Bojoi, A. Cavagnino, P. Guglielmi va A. Miotto, Phan
tich va mo hinh héa cac hiéu tng vo khe roto trong dong co dan toc do
cao, IEEE IEEE Trans. Ind. Appl. , tap 48, khong 4, trang 1279 Tu1287,

thang 7 nam 2012.
91



[70] K. Y. Bell va S. Abel, T4i uvu héa nang cap quy trinh suc khi WWTP dé
dat hi€u qua nang luong, Technol Thuc hanh Nuoc . , tap 6, khong 2, trang
1 tran10, thang 7 nam 2011.

[71] K. Re Richt va G. Pasquarella, May dién toc do cao, tiéu chun, xu
huéng va van dé, Hoi & Proc. Cong nghé Stockholm / KTH
Stockholm . Conf. , Stockholm, Thuy Dién, thang 6 ndm 1995, trang 41
bong49.

[72] W. Canders, “may toc do cao trén tir vong bi thiét ké con- khai va gidi
han sttc manh,” trong Proc. ICEM , thang 9 nam 1998, trang 20 bong25.
[73] A. Binder va T. Schneider, O dia AC bién tan téc d6 cao , dn & Proc. Ngi

bo ACEMP , thang 9 nam 2007, trang 9 tranl6 .

[74] C. Maas, Hoi Elektrischer Antrieb fiir supraleitend-Magnetisch gelagerte
Schwungrad-Energiespe Rich, Héi Ph.D. Luan 4n, Univ. Stuttgart,
Stuttgart, buc, 1996.

[75] R. Koch, R. Wagner, M. Sander va H. J. Gutt, Phat trién va thir
nghiém hé thong luu trit nang luong banh da 300Wh / 10kW,
tai Proc. Tdo. Siéu cond. , Thang 9 nam 1999, trang 1055 tran1058.

[76] May bay phan lyc Bladon, Bom phan tir Turbo, thang 5 ndm 2012. [Truc

tuyén]. C6 san: http://www.bladonjets.com/appluggest/turbo-molecular-

umps/
[77] Tap doan niang luong dién tir, thang 6 nam 2013. [Truc tuyén]. Co
san: http://www.electronenergy.com/products/demagnetization-
curves/ SmCo0217-16-T550C.pdf
[78] David Gerada, Abdeslam Mebarki, Neil L. Brown, Chris Gerada, Member,
IEEE,Andrea Cavagnino, Senior Member, IEEE, and Aldo Boglietti, Fellow,

IEEE . High-Speed Electrical Machines: Technologies, Trends, and
Developments IEEE TRANSACTIONS ON INDUSTRIAL ELECTRONICS,
VOL. 61, NO. 6, JUNE 2014

92


https://translate.google.com/translate?hl=vi&prev=_t&sl=auto&tl=vi&u=http://www.bladonjets.com/applications/turbo-molecular-pumps/
https://translate.google.com/translate?hl=vi&prev=_t&sl=auto&tl=vi&u=http://www.bladonjets.com/applications/turbo-molecular-pumps/
https://translate.google.com/translate?hl=vi&prev=_t&sl=auto&tl=vi&u=http://www.electronenergy.com/products/demagnetization-curves/
https://translate.google.com/translate?hl=vi&prev=_t&sl=auto&tl=vi&u=http://www.electronenergy.com/products/demagnetization-curves/

