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LOI NOI DAU

Hién nay, dat nudc ta dang trén con duong cong nghiép héa hién dai hoa
nén tac dung cua cac khu cong nghiép ngay cang tang.

Vi vay cac dong co dién dugc st dung trong cong nghiép gilr vai tro quan
trong dbi v6i phat trién kinh té va 6n dinh chinh trj x3 hoi.

Pong co dién 1a may dién dung dé chuyén d6i ning luong dién sang ning
lugng co hoc. Hau hét dong co di¢n hién c6 hoat dong theo hi€u tng dién tur.
Mot sb it 1a bong co dién hoat dong dua trén hi¢u ung ap di€n, va thuong la
dong co nho hodc si€u nho.

Dong co dién dugc dung trong hau hét moi linh vue, tir cac dong co nho
dung trong 10 vi song dé chuyén dong dia quay, hay trong cac mdy doc dia dén
cac d6 nghé nhu may khoan, hay cac may gia dung nhu may giit, su hoat dong
ctia thang may hay cac hé thong thong gi6 ciing dya vao dong co dién. Nhung su
di 1én cua cong nghiép hoa hién dai hoa khién cho nhimg dong co dién dugc sir
dung trong cong nghiép cang ¢ tdm quan trong véi su phat trién ctia nude nha.

Tuy nhién nhiéu ngudi van chua hiéu 16 dong co dién 1a gi, ciu tao va
nguyén 1y hoat dong ctia nd ra sao, tAm quan trong ctia nd6 ddi v6i nganh cong
nghiém. Nén trong pham vi d6 an lan ndy em s& nghién ctru vé dong co dién
dung trong cong nghiép, di sau tim hiéu cong ngh¢, xu hudng va sy phat trién
ctia may dién tdc d6 cao. Do kién thirc va thoi gian con han ché nén khong tranh
khoi nhitng sai x6t trong qua trinh 1am bai. Em mong nhén dugc su nhan xét tu
quy thay co.

Em xin chan thanh cam on!
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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 (méy 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 di¢n 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 4p cua may mot chiéu thuong 1a 120V, 240V, 400V, 500V va 16n nhat 1a
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. Ciu tao cua Stator

Glong nhu nhitng may dién quay khac no ciing gom phan dung im
(stator) va phan quay (rotor). Vé chirc ning may dién mot chiéu ciing dugc chia
thanh phan cam (kich tir) va phan ung (phan bién doi ning lugng). Khac voi
may dién ddng bo ¢ may dién mot chiéu phan cam bao gid ciing & phan tinh con
phan tmg 13 & rotor.
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Hinh 1.2 Céu tao céc cuc cua may dién mdt chiéu a)Cuc chinh, b)Cuc phu

Stator may di¢n mot chiéu 1a phf?m cam, noi tao ra tur thong chinh cua
may. Stator 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 méay c6 gan bang dinh muc véi 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.Rotor
Rotor ctia may dién mot chiéu 13 phan Gng. Ngay nay ngudi ta dung chu
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yéu 1a loai rotor hinh tréng c6 ring dugc ghép lai bang cac 14 thép dién k¥ 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 mdt ranh lam mat).

E. Co gép

Cudn day rotor 1a cudn day khép kin, mdi canh ctia n6 duoc ndi véi phién
gop. Cac phlen gop dugc ghép cach dién vdi nhau va vai truc hinh thanh mét c6
g6p. Phién gop dugc 1am bang dong, vira ¢6 d6 dan dién tot vira co6 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 tt vira c6 kha ning chong mai
mon, b gitr choi dugce lam bé‘mg kim loai gén vao Stator, ¢o6 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-Giir
chéi, 5-Choi, 6-Lo so,7-
bon ganh,8-Day dan dién
ra,9-Oc giit choi.
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1.3. PHAN LOAI PONG CO PIEN MOT CHIEU

bong co dién mot chiéu duge phan loai theo kich tir thanh nhiing loai

- Kich tir doc lap
- Kich tir song song
- Kich tir noi tiép
- Kich tir hdn hop
1.3.1. PHUONG TRINH CAN BANG SPP CUA PONG CO

Khi dua mot may dién mot chiéu da 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 tur
truong sinh ra luc, chiéu cia nd xac dinh bang quy tac ban tay tri, va tao ra
momen dién tir lam cho rotor quay voi tc do n. Trong cudn day sé& xuét hién sdd
cam ung E, = Cedn, & ché d6 qua do (khi n va dong I, thay doi) ta c6 phuong

trinh sau:

/ ILNi/ | Hudng dong dién

Hinh 1.5 Giai thich nguyén ly dong co dién mot chiéu

di., .
U+(-e)+(-L d—)=-Rt (1.1)
t
di. .
Hodc: U=e_+L, E: IR, (1.2)
O ché d6 6n dinh (n = const, I, = const) ta c:
o U=E+ LR ’ (1.3)
Két hop vdi cong thuce (2.2) ta viét:
U=E,xI,Rt (1.4)

Trong du “-“ cho may phat, diu “+” cho dong co.
1.3.2. PAC TINH CO CUA PONG CO PIEN MOT CHIEU
1.3.2.1. Pac tinh co cua dong co kich twr doc ldp va song song .
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Pic tinh co 1a méi quan hé ham giita tbc d6 va mémen dién tir n =
f(M) khi I, = const.

° > >

No

Ny

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:

u s :
Ikt:_kt; va  g=Kiy
kt

Thay (11.40) vao (14.4) rdi rt n ra ta co:

U LR, (L5)
TC G
Ruat I, tu (13.5) thay vao (14.5) ta duoc:
U MR,
= - 1.5a
Ced) Cecmq)2 ( )
Do Iy = const nén ¢ = const ta dugc phuong trinh:
n=ng— BM. (1.6)

U . R
Trong do: Ny = - goi 1a toc do khong tai, con B= L
g co € g O

Vé mit toan hoc day 1a 1 duong thang (hinh 1.6b), song trong may
dién chi phdi tinh chat ciia may con do cac hién twong vat 1y. That vy, khi tai
tang do phan Ung phan Umg lam cho tu thong chinh cia may giam di dac tinh co
hoi bién dang Néu dong co c6 dién tro diéu chinh & mach phan tGng thi gia tri
ctia hing s6 nhu sau: B = (R; + Ry.)/CcCmd’°.

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

bo ,12‘1 méi quan hé n = f(M) v6i U = Uy, R4 = const. So dd dong
co kich tir né1 ti€p biéu dién trén hinh 1.7
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n 4
N \\I n’
Rdc
ndm_
- |
0 - >
2) b) c)

Hinh 1.7 Dong co dién mdt chiéu kich tir nbi tiép: a)So dd, b)bac tinh co

Tt cong thire (2.13) ta co:
UL R ARe) U MR +Ry

= = (1.7)
C.o C.o C.o
Trong may kich tir ndi tiép I = I,
Ta xét 2 truong hop:
a.Khi 0 < I;; < l4,, — may chua bao hoa, trong truong hop nay tacod ¢ =
Kl,.
Viay M =CyKlyl, = Cpl,® do do:
7 I, =Cnym
Thay vao biéu thuc (3.7) ta co:
n:U—CmN(Rt+RdC): U ~C,VM (R, +R,,)
C.KIl, c.KC,vVM  C.KC /M
. ) R, + Ry A
Hay. "“CKCIM  CK M
, U _ R, + Ry .
Trong d6 A= cKC. B _Ce—K’
Nhu vay trong pham vi dong tai nhé hon hogc bang dong dinh muic,
ddc tinh c6 dang hypebol.

b.Khi I > 14, méy bdo hoa, dac tinh co khong trang véi duong hypebol
nita (duong net dut & hinh 3.3b). Su thay doi toc d¢ binh thuong doi voi dong co
noi tiép xac dinh theo biéu thtc:
100%

nN—Nyn,

Andm:

dm
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Trong d6 n’-téc do quay ctia dong co khi tai thay doi tir dinh murc t6i
25%

Qua phan tich trén day ta thiy dic tinh co cua dong co kich tur ndi tiép
khéng c6 toc do khong tai. Khi tai giam qua muec, tbc do dong co ting dot ngot
vi vay khong dugc dé dong co mac noi tiép 1am viéc khong tai, trong thuc té
khéng duogc cho dong co ndi tiép 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 ctia né.

Na
u .
| ]
\\ \\

Y ! : AN

. Z
W Id =| O v M

a b c)

Hinh 1.8 Dong co dién mdt chiéu kich tir hdn hop: a)So dd, b,c) Pac tinh co

Pong co gdm 2 cudn kich tir: cudn ndi tiép va cudn song song. Pic tinh
co cta déng co nay gidng nhu dic tinh co cia 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 thuan, std cta 2 cudn day cung chiéu nhung gilr 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 &
dong co kich tur hdn hop co toc 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, tur thong cudn nbi tlep tac dong, dac tinh co
mang tinh chat dong co ndi tiép Trén hinh 2.18b biéu dién dac tinh n=f(I) cua
dong co kich tir song song (dudng 1), ctia dong co kich tir ndi tiép (duong 2),
ctia dong co kich tir hdn hop ndi thuan (dudng 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. KHOI PONG PONG CO PIEN MOQT CHIEU.

Khoi dong dong co 1a qua trinh dua dong co tir trang thai nghi (n=0) to1
tbc do 1am viéc. Chung ta co cac phuong phap khoi dong sau:

a.Khéi dong tree tiép
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“Day la phuong phap dong dong co tryc tiép vao luoi dién, khong
qua mot thiét bi phu nao. Dong khé1 dong dugce xac dinh bang cong thirc:
L"dm
1.8
2 (1.8)

Vi Rinho nén Iy, co gia tri rat 16n, dat (10+30)l4y. Su tang dong dot
ngdt lam xuat hién tia lra & cd gop, xuat hién xung co hoc va 1am sut dién ap
ludi. Phuong phap nay hau nhu khéng duoc sir dung.

b.Khoi dong dung dién tro khoi dong ‘

Nguoi ta dua vao rotor mot dién tréd ¢6 kha nang diéu chinh va goi

la dién tré khoi dong (hinh 1.9a). Dong khoi dong bay gio co gia tri:

Ikd:

U
lyg = ——m (1.8a)
“ " (Ry+Ryg)
u_
N \
Rid
ML
Rt a)

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

Pién tro khoi dong phai dugc ngit dan ra theo sy ting cia toc do.
Néc khoi dong thtr nhat phai chon sao cho dong phﬁn ung khong 16n qua va
momen khoi dong khong nho qua. Viée lya chon s6 néc dién trd duoc trinh bay
0 cac sach vé truyén dong dién. Khi co cing dong phan ung thi dong co kich tir
ndi tiép c6 momen khai dong 16n hon dong co kich tir song song.

Luu y: Vo1 cac dong co kich tur song song khi dung dién trd khoi dong
phai ndi sao cho cudn kich tir trong moi thoi gian déu duogc cdp dién 4p dinh
mirc, dé dam bao ¢ 16n nhat. Néu trong mach kich tir ¢6 dién tro diéu chinh thi
khi khoi dong, dé dién tré nay ngan mach. Trén hink 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 ndy sang nac dién tré khac téc d6 dong co khong doi).

1.5. PIEU CHINH TOC PO PONG CO MOT CHIEU

1.5.1. Cdc phwong phdp diéu chinh téc do
Tt biéu thire (3. 5a) ta rat ra nhiing phuong phap diéu chinh toc do sau:
a. Thay ddi dién ap ngudn nap.
b. Thay di dién tro mach rotor.
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c. Thay ddi tir thong.

1.5.2. Piéu chinh téc do bang thay déi dién dp nguon nap.
r . U 7
Tur (2.18a) ta thay khi cho U = var thi ng = c_q) =var, néu M, =const

e
thi toc d6 n = var. Ta diéu chinh duoc tdc do dong co. Khi dién ap nguén cung
cap thay d6i, cac dic tinh co song song vdi nhau. Piéu chinh tdc do bang thay
d6i dién ap ngudn cung cap chi diéu chinh duoc theo chiéu giam téc do (vi mdi
cudn day da dugc thiét ké véi Uy, khong thé ting dién ap dat 1én cudn day).
Song d9 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 4

N>U2>U3
k

Us 7
\ Hinh 1.10 Pic tinh co khi thay doi dién

ap ngudn cung cap

=

1.11. Piéu chinh bang thay déi dién tré mach rotor.

Tur (2.7) ta ky hiéu An = M(R; + R4) thi khi M = const ma thay ddi Ry,
thi thay d6i dugc An (do giam téc do), tac 1a thay doi duoc téc do dong co.
Trén hinh 2.21 biéu dién dic tinh co ctia phuong phap diéu chinh tbc d6 bang
thay d6i dién trd rotor.

na
No
Nam a R;+R,=0 \ .
N Hinh 1.11 Diéu chinh téc do
Ny ¢ R dong co mot chiéu bang
\ phuong phap thay doi dién
tré mach rotor
n2 _________________________ e
0 M., M

Phuong phéap diéu chinh tdc d6 bang thay d6i dién trd mach phan tmg c6
nhimng vu khuyét diém sau:

Uu diém:

D@ thyc hién, von dau tu it, diéu chinh tuong ddi lang
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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 téc do khong
tai. Piéu chinh c6 ton hao 16n. Nguoi ta di chimg minh rang dé giam 50% tdc
dd dinh muc thi ton hao trén dién trg diéu chinh chiém 50% cong suit dua vao.
Dién tré diéu chinh téc do c6 ché do 1am viée 1au dai nén khong dung dién tro
khai 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.

Tur biéu thie:
n=Y-LR (1.9)
Ceo

Khi M, U = const, ¢ = var (thayd6i dong kich tir) thi n ting 1én.
Thay vay khi giam tir thong ¢ dong dién & rotor ting nhung khong lam cho tir s6
biéu thtc (3.9) thay ddi nhiéu vi do giam dién ap & R, chi chiém vai % cua dién
ap U nén khi tir thong ¢ giam thi toc d6 ting. Song néu ta ctr tiép tuc giam dong
kich tir thi t6i mot ltc nao d6 toc do khong dugce ting duge nita. S¢ di nhu vay
vi mOdmen dién tir cua dong co cling gidm. Phuong phap nay chi dung trong
pham vi khi tir thong giam téc do con ting. Hinh 1.12 biéu dién dic tinh co khi
¢ = var.Phuong phéap diéu chinh tbc d6 bang thay d6i tir thong co nhiing uu
khuyét diém sau:

Uu diém: Diéu chinh téc do theo chiéu ting (tir toc d6 dinh muc), rat
lang pham vi diéu chinh rong, t6n hao diéu chinh nho, dé thuc hién va kinh té.

Nhuoc diém: Khong diéu chinh duoc toe do & dudi toc ¢ dinh mic.

Do nhitng wu diém trén phuong phap diéu chinh toc d6 bang thay doi tir
thong thudong dugc ap dung hop véi nhimg phuong phap khac nham ting pham
vi diéu chinh.

na4

----------------- 01>¢2> 03

Hinh 1.12 Dac tinh co cua
dong co mot chiéu kich tir doc
1ap khi thay doi tir thong

M

Luu y: Khong duge giam dong kich tur to1 gid tr1 khong, vi lac nay may
chi con tir du, toc do ting quéa 16n gdy nghuy hiém cho cac ciu tric co khi cia
dong co. Thuong ngudi ta thiét ké bo dién trd diéu chinh dé khong khi ndo mach
tur bi ho.

1.5.4 Hé théng may phat dong co
Pé tang pham vi diéu chinh téc do, ngudi ta ding hé théng may
phat dong co dién mot chiéu (finh 2.23).
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D MC Ném

It ¢ T Wit Wie

\ £

a) b)

Hinh 1.13 Hé tréng truyén dong dién may phat-dong co a) So dd, b)Pic tinh co
khi thay doi toc do

Trong hé théng nay ca may phat va dong co déu 1a may dién mot chiéu
kich tir doc 1ap.

bé thay do6i toc do, trong hé théng may phat-dong co co thé ap dung
phuong phép diéu chinh dién ap nguon nap (thay doi kich tir may phat), thay d6i
dién tro mach rotor dong co va thay dbi tir thong kich tir dong co. He thong cho
ta pham vi diéu chinh toc do rong, diéu chinh dugc céa 2 chiéu tang va giam, co
d6 diéu chinh rat lang.

Tuy nhién do sir dung nhiéu may dién mot chiéu nén dau tu cho hé thong
kha dit tién, do do h¢ théng truyén dong dién may phat dong co chi str dung o
nhiing noi that can thiét theo chi tiéu chét luong cua hé thong. Ngay nay may
phat dién mot chiéu duoc thay bang bd chinh luu, xuat hién hé thong van-dong
co. Hé théng duoc cép dién tir ngudn xoay chiéu, c6 tinh chat gibmg hé may
phét dong co nhung ré va do tin cdy cao hon. ‘
1.6. HAM PONG CO PIEN MOT CHIEU
Him ching ta ndi & ddy la ham bang dién. Trong mot hé thong
truyén dong dién néu chiéu ciia moémen cta dong co lai trung véi chiéu téc do
quay ta co ché do dong co, con néu chiéu ciia mémen va chiéu toc do nguoc
nhau ta c6 ché d6 ham.
C6 3 ché d6 ham:
a. Ham dong nang,
b. Ham dong dién nguoc,
¢. Ham tra ning luong vé ngudn.
1. Ham dong nang
Pé thyc hién ham dong nang, phan tng dong co dugc ngat khoi
luéi (tiép diém K mé ra, tiép diém K, déng lai) va ndi qua dién tré him hinh
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2.24a.. Pién 4p bay gio U = 0, do c6 dong ning, dong co van quay theo hudng
cll, dong phan tng dugc xac dinh:
| _U-E. __E.

) Rt Rt

Nhu vay dong dién d6i chiéu, moémen tao ra do dong co cling doi
chiéu, con tdoc do van theo chiéu cii, dong co lam viéc & ché d6 ham. Phuong
trinh toc do ¢ dang:
M (Rt — Rh)

C.Cof"

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

Phuong phap him dong niang thuong dugc st dung dé ham dong co
té1 dung may.

A
Ham may phat
+
Ham dong nang
AL a__Nu
Rﬁﬁ 2
—1_
E K> Ham ni 3
“— # nguoc
K K
i . . D
It JV
L Y Y Y |
Wit
b)
a) -No

Hinh 1.14 Ham dién ¢ dong co dién mot chiéu a)So d6 him dong ning, b) Pic
tinh co cua dong co mot chi€u ¢ cac cheé do ham

2. Ham dong dién nguoc.
Nguoi ta thye hién bang 2 cach:
-Pua dién tré ham 16n vao mach rotor khi trén truc dong co c6 moémen
thé ning.
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Khi dua di¢n tré 16n vao mach rotor dong phan ung giam, mémen 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 hod) dong co quay
nguoc, dong khong doi chidu, mémen khong dbi chiéu nhung téc do dbi hudng
nén dong co lam viée o ché d6 ham (doan BC déc tinh 1 trén hinh 1.14b), t6i
diém e tdc do roi hang c6 gia tri khong d01

-Dbi chiéu dién ap ngudn cung cap.

Con phuong phap thir hai thuc hién bang ddi chiéu dién ap ngudn cung
cap, dong rotor bay gio c¢6 dang:

| - (-U-E.) _ (U+E))
" R,+Ry; R +Ry

Trong biéu thirc nay Ry 14 dién trd thém vao dé han ché dong him. Vi
dong I, d6i chiéu, momen ddong co ddi chiéu nhung toc d6 chua doi chiéu, dong
co lam viéc & ché do ham ndi nguoc. Trén hinh 1.14b biéu dién dic tinh co khi
ham nbi ngugc (duong 4, doan df). Toi diém D khi toc 4o dong co n=0, mudn
dimg may phai ngit dong co ra khoi ludi, néu khong dong co bat dau quay theo
huéng nguoc va tang tdc do, dong co 1am viéc ¢ ché d6 dong co vé6i chiéu quay
nguoc lai. Thuc té phuong phap hdm nay xay ra ¢ giai doan dau khi doi chiéu
tdc do dong co.

3. Hém tra néng lwong vé nguon

Do mét nguyén nhan nao d6 (vi du trong diéu chinh téc do bang

giam tir thong ta chuyén tir toc do cao xudng toc do thap) tdc do rotor 16n hon

tbc do khong tai, lic nay E, > U nén: 1, = v R E. < 0, dong d6i huéng, mémen
t
d6i huéng, toc do Van giit nguyén chiéu cii, dong co lam viéc nhu may phat, dua
nang luong vé nguon. Ta goi d6 1a ché do ham tra nang luong vé ngudn (hink
1.14b).
Ché d6 ham nay rat kinh té nhung khong ham t&i dimg mdy duoc,
chi ham dugc t6i tbe do khong tai thoi.
1.7. Ton hao va hiéu suat may dién mot chiéu
Trong may dién c6 hai loai ton hao:
a. Ton hao chinh.
b. Tén hao phu

1. Ton hao chinh gom: ton hao co (t6n hao & 6 bi, ma sat & ¢d gop, ma
sat vo1 khong khi,...).

Tén hao sat tir (ton hao do tir tré, ton hao & ring do séng bic cao,...)

Todn hao déng trong cudn rotor va Stator, trong cudn phu, cuén khur,
trong mach kich tur.

Tén hao & dién trd tiép xtc cta chdi hay vanh khuyeén.

2. Ton hao phu: Xuat hién trong 161 thép va trong dong, no gom t6n hao
dong xoay(dong Fucco), t6n hao ndi can bang, t6n hao do phan bé tir truong
khong déu, do mat do ¢ dong choi khong déu,...vv.

Hiéu suit ciia may tinh nhu sau:
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PR T
Trong d6 > Ap - tong c4c loai ton hao clia may.
' P; - cong suét vao, P, - cong suat ra

KET LUAN

Trong chuong 2 da trinh bay vé may phat dong di¢én mot chiéu véi cac
ndi dung phan loai may phat dién mot chiéu, cac dac tinh cua may phat di¢n mot
chiéu, lam vi¢c song song ctiia cac may phat dién mot chiéu.

Trong chuong cling trinh bay dong co di¢n mdt chi€u vt cac ndi dung
sau: dac tinh co cua cac loai dong co di¢n mod chiéu, phuong phap khoi dong,
di€u chinh toc d§ dong co dién mot chiéu va cac phuong phap ham ddg co dién
mot chiéu.
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CHUONG 2
MAY PIEN KHONG PONG BQ

2.1 MO DAU

Loai may dién quay c6 ciu tao don gian 13 loai may dién khong dong bo (di
bd). May dién di bd c6 loai 1 pha, 2 pha hoac 3 pha, nhung phén 16n may dién di bd 3
pha c6 cong suit tir mot vai oat t6i vai me ga oat, co dién ap tir 100V dén 6000V.

Cén ctr vao cach thuc hi¢én rotor, nguoi ta phan biét 2 loai: loai co rotor ngén
mach va loai rotor diy quan. Cudn ddy rotor day quan 13 cudn ddy cach dién, thyc hién
theo nguyén ly cua cua cudn day dong xoay chiéu

Cuon day rotor ngan mach gébm mét 1dng bang nhom dat trong cac ranh cua
mach tur rotor, cudén day ngan mach la cudn day nhiéu pha co sb pha bang s6 ranh.
Pong co rotor ngan mach co ciu tao don gian va ré tién, con may dién rotor day quan
dat hon, nang hon nhung cé tinh dong tdt hon, do c6 thé tao cac hé théng khéi dong va
diéu chinh.

2.2.NGUYEN LY LAM VIEC CUA MAY PIEN DI BQ

Pé xét nguyén 1y 1am viéc ciia may dién di b, ta ldy mo hinh may dién 3 pha
gdm 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 so 1a f; thi trong may dién sinh ra tir trudng quay véi téc do 60fi/p. Tir
truong nay cat thanh dan cia rotor va ststo, sinh ra & cuon Stator sdd tu cam e; va &
cudn day rotor sdd cam ting e, c6 gia tri hi¢u dung nhu sau:

E1:4,44W1(I)f1kcd

E2:4,44W2¢f1kcd

Do cudn rotor kin mach, nén s& c6 dong dién chay trong cac thanh dan cua
cudn day. Su tic dong twong hd giita dong dién chay trong day dan rotor va tir trudng,
sinh ra luc, d6 1a cac ngau luc (2 thanh dan nam cach nhau dudng kinh rotor) nén tao
ra md men quay. Mo men quay c6 chiéu day Stator theo chiéu chong lai su tang tur
thong moc vong voi cudn day. Nhung vi Stator gin chit con rotor lai treo trén 6 bi, do
do rotor phai quay voi tbc d6 n theo chiéu quay cua tu truong. Tuy nhién tdc do nay
khong thé bang toc do quay cua tir trudng, boi néu n= ng thi tir truong khong cit cac
thanh dan nita, do d6 khong c6 sdd cam tmg, E,=0 dan dén 1,=0 va md men quay ciing
b'fmg khong, rotor quay cham lai, khi rotor cham lai thi tur truong lai cit cac thanh dan,
nén lai c6 sdd, lai c6 dong va mo men, rotor lai quay. Do toc do quay cua rotor khac
tdc do quay cua tu tru(‘mg nén xuét hién do trugt va duge dinh nghia nhu sau:

s%="""1009 (2.1)
ntt

Viy tc d6 quay cua rotor c6 dang:

n = ny(1-s) (2.2)

Bay gio ta hdy xem d(‘)ng dién trong rotor bién thién véi tan s nao.

Do NNy nen (ntt-n) 1a tbc d6 cit cac thanh dan rotor cua tir truong quay.

Viy tan s6 bién thién cua sdd cam mg trong rotor biéu dién boi:

f, = (ntt n)p :k (ntt n)p _ Ny P (ntt n) =f,
60 n, 60 60 n,

(2.3)
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Khi rotor c6 dong I, chay, né sinh ra mot tir truong quay véi téc do:
60f, 60sf,

t2 - tt

Y P

(2.4)
So vo1 mot diém khong chuyén dong cua Stator, tir trudng rotor s€ quay véi toe do :
Nit2s = NiieHN = SN+N = SN+ (1-5) =Ny ’
Nhu vay so véi Stator, tur trudng quay cia rotor cé cung gia tri voi toc do quay
cua tu truong Stator.

2.3. CAC CHE PO LAM VIEC CUA MAY DPIEN DI BQ
May dién di bo co6 thé lam viéc ¢ nhitng thé loai sau:
1. Dong co

Ché do chiing ta vira nghién ctru trén 1a ché do dong co ciia may di bo. O ché do
nay dong co nhan dién nang tur ludi dién va bién thanh co nang dé chuyen dong
mot co khi gan trén tryc dong co (tai). Pong co co toc do ‘quay nho hon toc do tir
truong, quay cung chiu voi tir truong. S& ban k§ hon ché d6 nay & phan sau.

2.Ché dg may phat

Van v4i mé hinh may dién di bo trén, néu bay gio gén vao truc may dién mot
may lai ngoai (vi du dong co di-e-zen) va quay rotor véi toc d6 n cing chiéu tir truong
nhung c6 gia tri 16n hon tdc d6 tir trudng, thi thir ty cit cac thanh din cua rotor sé
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 bay gio dong dién chay tir
may dién vé ludi dién. Ta c6 ché 46 may phat. Do trugt bay gio tinh nhu sau:

n, —n

S = tt
n

<0 vi n>ny .
tt

3.Ché d¢ may ham

Néu bay gid c6 mdt luc tir bén ngoai, kéo rotor may di bo quay nguge voi chiéu
quay cua tr trudng, do huéng cua tir trudng quay khong d6i nén hudng cua sdd va
dong dién trong cac thanh dan rotor khéng doi chiéu, nén mé men khong doi chiéu
nhung do rotor d6i huéng quay nén by gid mé men do dong co sinh va toc do
nguoc chiéu nhau, ta c6 ché d6 him dién. Vin = -n nén bay gio do truot co gia tri:

S = ntt — (_n) >1
ntl

4.Ché dg bién ap

Néu may dién di bo rotor day quan dé ho cudn day rotor, thi khi cap dién cho mach
Stator, tir truong quay Stator cit cac cudn ddy rotor va sinh ra sdd trong cac cudn
day theo nguyén tic ciia mdy bién ap. Gia tri hiéu dung cua cic sdd nay nhu sau:

E1:4,44kcd1(l)W1f1 (25)
Eo>=4,44K 4,0 W-f,
Trong do kg1 va kego 12 hé sb cudn day phia so cép va thi cép.

Vi mach rotor hé, nén khong c6 dong chay va khong c6 moé men. May dién di bd
lam vi¢c nhu may bién ap.
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Néu ta khép mach rotor, nhung giit cho rotor khong quay thi tan sb cua
sdd cam tng trong mach rotor fl—fz, ta van c6 ché do bién ap. May di bd co rotor
khong quay lam viéc nhu may bién ap, trong thuc té dugc dung nhu bo dich pha
hoic bo diéu chinh dién ap. Tuy nhién can luu ¥, khi rotor dong co khong quay,
may dién bi dét néng do phuong phap lam mat bi thay doi va tén hao & 151 thép
ting d6t ngdt vi do truot ting (s=1). Luc nay thuong phai giam dong bang giam
dién ap. May di bd lam viéc nhu may bién ap, nén cé thé cip ngudn tir phia rotor.
Céc loai ché d6 lam viéc cua may dién di bo biéu dién trén hinh 2.1

. Mayhim, Pongco , Mayphat n
1 0 N Iznl'
S < lBién ap | Khong tai |
- I2 Il IO I_l

Hinh 2.1 C4c thé loai ché do 1am viéc cua may

2.4. MAY DPIEN DI BO LAM VIEC VOI ROTOR HO

May dién khong dong bo co rotor hd, chi cé & loai may dién di bo rotor diy quan.
Vi may dién nhiéu pha c6 dic diém 1a cac pha ddi xtmg, do dé chi can nghién ctru
mot pha cho may dién nhiéu pha. Bé don gian cho nghién ciru gia thiét rang su
phan bé cuia tir truong & khe hd khong khi ¢é dang hinh sin, c6 nghia 14 bo qua céc
song bac cao. Trong truong hop ndy, dong dién va dién ap dugc xac dinh bang gia
tr1 hiéu dung, con gia tri std va tir thong 1a gié tri bién do.

Khi rotor ho , dong rotor bang khong, rotor khong quay. May dién di bo hoan toan
nhu mot bién ap, trong d6 phia so cap 1a Stator con phia thir cip 1a rotor.

Khi cung cdp cho 3 cudn day bang 3 dong dién cua hé thong 3 pha, thi s& ¢ tir
truong quay. Tur truong quay cit cac thanh dan Stator va rotor tao ra sdd cam ing
e; va e, theo nguyén tic cua may bién ap, gia tri hiéu dung cua chung biéu dién
bang biéu thirc (2.5).

Nhu ¢ may bién ap, ngoai tir théng chinh con co tir thong tan, lién quan voi no 1a
X1(X1=wLy). Pién tré thuan cudn day Stator 1a Ry, vay phuong trinh cén bang sdd
& ché d6 nay nhu sau:

01 =—|.51+ i10R1+ J ilO X,
(2.6)
Hay

01=—|.E1+i10 Z, (2.6&)
Trong d6 Z,=R, + jX, -1a tong trd mach Stator.

Cén luu y ring khe hé khong khi ciia may dién di bd 16n hon ctia méy bién p (vi &
may bién ap khe ho chi la cho tiép xuc cua cac 1a thép) nén dong khong tai cia may
bién &p nho hon dong khong tai cua may dién di bd rat nhiéu, cu thé dong khong tai

clia may bién ap co gia tri I = (0,3-0,1)l 4y, cON dong khong tai cua may dién di bo
c6 gia tri I[;=(0,3-0,5)l4m (s6 to cho may cong sudt nho, sé nhé cho mdy cong suit
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16n). Pé giam dong khong tai & may di¢én di b ta gidm khe hé khong khi t&i muc
co the.
Do dong 1,=0, cong suat nhin vao bay gio chuyén ca thanh ton hao & phia so cip
nghia la:

P10=APcu1 + APrey (2.10)
Trong d6 APcu=Ril1? 13 tén hao ddng cudn day so cip, APge 14 tdn hao 15i thép
phia Stator.
Hé sb bién ap cua may di bo tinh nhu sau:

El _ kcdl4'44W1 f1¢ _ kcd1W1

“TE, k,444W,f¢ kW,
(2.11)
Db thi véc to ctia may di bo & ché d6 nay gidng nhu may bién ap.
2.5. PONG CO DI BO CO ROTOR QUAY.
2.5.1 Phwrong trinh cdn bang sdd

Khi cap cho Stator may dién di bo mot dién ap U, (voi may di bo rotor day quén
cudn diy phai dugc ndi tat lai véi nhau, hodc ndi qua cac dién tré ngoai), thi trong
rotor c¢6 dong dién chay (I;#0), s& 1am xuét hién mé men quay va quay rotor véi toc
d6 n <ng .

Sdd cam tng trong cudn day Stator va trong rotor biéu dién bang biéu thirc sau:
E,=4,44K 410W,f;
E,=4,44K 4,0 W,f,
Ky hiéu Ey= 4,44K.0W,f, ddng thoi luu y f,=sf; ta co:
E2o=sE> (2.12)

Bay gio trong may di¢n c6 2 tir trudong quay: tur trudong quay do Stator sinh ra va tir
truong do rotor sinh ra. Hai tir truong nay tac dong lén nhau dé tao ra mot tir
truong tong nhu trong may bién 4 ap.

Tir trudng do dong I, sinh ra ciing gdm tir thong chinh va tir thong tan. Tir thong
tan gy ra tréd khang X,=wl,. Néu goi dién tr¢ thuan cua rotor 1a R, ta ¢ phuong
trinh can bang sdd ¢ mach rotor nhu sau:

|.52=i2R2+ji2X2 (2.13)
Hay
Ex=Z,1> (2.13a)

Trong d6 Z,=R, + jX, -1a tong tré mach rotor.

Phuong trinh can bang phia so cip Y?ln 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 c6 rotor quay.
Cu thé 1a nhiitng phuong trinh sau:

27



Ol:—é1+i10R1+jilO X, (2.13)

|.52 = iz R2+ji2 X, (2.13a)
Tir (2.13a) ta co thé tinh dong I, theo biéu thirc:
E2

|, =—2%
1/Rj—+x§

2.5.2 So do twong dwong

(2.14)

Gidng nhu & may bién ap, khi phan tich may dién di bo ngudi ta ciing dung so dd
tuong duong ma khong dung may thuc.

Khi dong co di by khong quay, n6 1a mot blen ap ngan mach phia tht cép, tan 0 &
Stator bang tan sd & rotor. Khi rotor quay tan sb phia so cap va phia thi cap khac

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

Ta co: X, = oLy =27nf,L, =2nsfi L
bat X20:27'Cf1|_t2

Véy X5=5X>0 (215)
Thay (2.12) va (2.15) vao (2.14) ta dugc:
o Ew Ea (2.14a)

JRE +(5X2o) J@ (X)?

2

Do X,o va Epg €0 tan sb w12‘1 f; nén dong Stator va dong rotor c6 cung tan sb f;. Theo
(4.14a) mach rotor c6 thé biéu dién nhu hinh 4.2.

Xa0
R, Hinh 4.2 So d6 twong dwong mach
§ rotor ¢6 tan s6 dong di€n bang tan so
dong & stator

TEZO f,=f,=const

Tuy mach rotor di co tan s6 bang tan sé Stator, nhung chung ta chua thé ndi mach
rotor voi mach Stator vi gia tri dién ap mach rotor con khac voi mach Stator. bé
cho dién ap phia rotor bang phia Stator giéng nhu bién 4p, ta thuc hién tinh qui d6i
theo nguyén tic ctia bién 4p. Cu thé:

-Dién dp qui doi:
kcdlwl

B’)= E;= 4,44Kea W1 0f1= KyEp =
2 1 cdl 1(1)1 ut-2 kczwz

E, (2.16)
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-Dong dién qui doi:
Gia tri dong qui d6i duoc tinh dya trén nguyén tic dam bao su khong doi vé cong
suat tdc dung, tirc la:
myl,E,cos@,= mI’,E’,cose,
Tu day ta co:
o omalE, _ m, K ,W, .
mlE'Z mlkcdlwl

=ki|2

m.K_,,W m 1A K A \ A
Trong d6 k, =——9L =Lk va goila hé so truyén dong dién
mZdeZWZ mZ

-Dién tré qui doi:
Qui ddi dién tré dya trén co so béng nhau vé ton hao, vé cong suét tac dung, cu thé:
m,l 2 R,= m;I’ 2 R’, do do:
Ry =M :—222 R, :% k?R,=k,KiR, . Tuong tu : X,= K KiX,
2 2 2

Ta c6 so d6 twong duong nhu sau:
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|1 Rl Xl \ 4 IO IF X,g I’
U, X E E1{ E, Re. /Hé a)
Ky
Y [
X’z I,2
1—

Hinh 4.3. So d6 tuong duong may blen ap khi tai :a,b) So d6
mac song song, ¢) So do mac ndi tiép. d) So d6 don gian

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 ding nhiéu & may bién ap. Do Z,=
R, + jX, rat nho nén co thé nhan Ey=U; va dugc 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 twong dwong ta co6 phuong trinh can bang cua may dién di bd & ché do
rotor quay (co tai).

01=—E1+|10R1+ jlo X,

30



|.1 = i - iz (2.168.)

Es = 1R+ j 1 Xt IR, S

Dé thuan tién cho doc gia khi tham khao cac sach khac, tir diy tr& di thay
X20,=X2’.

DO thi véc to clia dong co di bo khi rotor quay biéu dién trén hinh 4.4. Cach dung
giong nhu ¢ may bién ap.

I
O, IR, —

s I.R, ANE
jrx, s

Hinh 2.4. D6 thi véc to may bién ap

2.6. DAC TINH CO CUA PONG CO KHONG PONG BO
2.6.1 Thong ké ndang lwong cia déng co

Vé nguyén 1y, may dién khong doéng bo c6 thé lam viéc nhu may phat dién hodc
dong co khong doéng bo. O ché d6 lam viéc dong co, ning lugng dién duoc cung
cap tir ludi dién va chuyén sang rotor bang tir trudng quay. Dong ning luong duoc
biéu dién nhu sau:

-Cong suat nhan tir ludi dién:
P1=m;U;l;c0s¢, (2.17)

O Stator, nang luong bi mat mot phén do tén hao & dién tré cudn day (AP¢y) va
trong 151 thép (APre;). VAy cong suat dién tir chuyén tir Stator sang rotor nhu sau:

P‘V: Pdt: Pl'APCul'APFel = PCO + Pe (218)

Trong d6 APcy=myl 12R1, APFe1=m1IFeZRFe. Tén hao thép phu ’thu(f)c vao tan sd. Tén
hao 16i thép phia rotor bo qua, vi khi lam viéc dinh murc tan so f, = (1 - 3)Hz.

Cong suit dién tir chuyén sang rotor trong so dd twong dwong chinh 1a cong sut
sinh ra ¢ dién trd thuan R,’/s.
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Py=myl, 2R = ml) 2Ry myl, 2Ry LS (2.19)
S S
Thanh phan thtr nhét 13 ton hao dong & cudn day rotor:
APCUZ = mll R2 mzl g Rz (220)
Phan cong suat con lai duoc chuyén sang cong co hoc trén truc dong co vay:
Py =mil, Ry 128 = my12R, 128 (2.21)
S S

Cong suit co duoc chuyén sang cong suét hitu ich P, va ton hao co cac loai (AP¢y)
nhu: ma sat 6 bi, quat gi6, ma sat rotor voéi khong khi v.v. ng0a1 ra con ton hao phu
do song bac cao, do mach tir co rang (APy). T6n hao phu rat nho (AP,=0.005P;).

Vay cong suat hitu ich tinh nhu sau:

P2:Pc0r - APCO - AI:)p (222)
Tong ton hao ciia dong co o gia tri:

Hiéu suét cua dong co:
_P,_R-AP AP
RTTR TR

(2.24)

So db nang luong cua may dién di bo biéu dién trén hinh 9.7

—/ /?Pm/é T Apcuz AP +AP
t ot
}‘u’O’ng L //‘ C p

> P,

I Pl Pdt

Hinh 4.5 So do nang luong cua dong

2.6.2 M6 men quay (mo6 men dién tir) cua dong co di bo.
O ché d6 6n dinh md men dién tir do may sinh ra can béng mo men can cua dong
co M, va mo6 men khong tai My: M=My+Mjy. M6 men dién tir ciia dong co cod thé
tinh qua cong suat dién tur P4, theo cong thic:

_Fa (2.25)

2

27 274 ;
= 601 = %1 = Tl la toc d§ goc quay co cua tu truong quay.
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Thay cong suat dién tir (4.19) vao (4.25) ta dugc md men dién tir:

pml I 2 &
2
o, s

M= (2.26)

Bi€éu thirc m6 men di¢n tir cia may dién khong dong bo con c6 thé nhan duoc &
dang khac nhu sau:

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

Ta nhan duoc:

M= Py E,s Ry _ 4,44k, W0, fm; p r

l,—= $dCoSQ (2.26a)
2 2 2 2
a)tt R'22 + X |22 S 2721:1
Hay: M = kI’,$Ccosp, (2.26Db)
: . 1-5s
RS R;

trong d6 : cos g, =

2 - 2 2
\/(R;_+R'21 sj P X \/Rz +X,’s
S

4,44K ,,\W,o,m, p
2 '

Chung ta con ¢ cach khac dé tinh mé men dién tir ctia miy dién khong dong bd.

c6 dang cia m6 men may di¢n dong mdt chiéu, trong do k =

Trude hét tinh dong I,’. Ta dung so d6 twong dwong gan ding (hinh 2.3c¢). Theo so
do ta co:

1= . (2.27)

\/[Rl +R2J +(X, + X))

s

Thay vao (4.26) ta duogc:

pm Uz R,

_pmy m— 2 (2.28)
Wy R, e O
R, el (X, +X",)

bay la bié}l thirc m6 men dién 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.

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).

Dé dung duoc mbi quan hé nay, trude hét ta xét cong thirc (2.27) 1a mdi quan hé
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M=f{(s) va dugc goi la dic tinh téc d§ cia dong co. Tir biéu thirc nhan thiy moi
quan h¢ gitra mé men va do trugt 1a moi quan hé phi tuyén. B¢ khao sat ching ta
hay tim cuyc tri .
Dé tinh cuec tri can tinh dao ham cta md men theo do truot rdi cho béng khong:
dM _
=
T (4.29) tim dugc do truot tdi1 han co6 gia tri sau:
R,
TR (X +X5)

0 (2.29)

(2.30)

Sth

O day sy-1a d6 truot tGi han, tirc 1a gia tri @6 truot 6 do6 xuat hién moé men cuc dai
va cuc tiéu.

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

M =+
2a)n|:R1 + R +(X, + x;)z}

max

(2.31)

DAu “+” cho ché d6 dong co, con diu trir cho ché do may phat. bé dung déc tinh

M=f(s) nhan thay, khi s nho thi R, + R 55 X 4X, do d6 ¢ thé bo qua X, +X’, ta
S

c6 mdi 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, 1a moét duong hypecbon (hinh 2.7). Puong M=f(s) la
S
duong 3 trén hinh 4.6.

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

M = (2.32a)
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H¢ 50 qua tai la ty so gitta mé men cuc dai doi véi mé men dinh mirc :

M max
K = " (2.32)

Bay gi6 xét anh hudng ctia mot s6 thong s6 ctia may 1én mé men dong co:
-Anh hwong cua sw 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)

. 1 Ru<R.<R
Mima- -~ Minax L - - oimsremim -
N0 /NN \R
Mmax|-.-.L. i /o : 11
max : 2 U1>U2>U3 : : :
Mmax =1/ : : : : R12
e O RY
é >S ;| : »S
Sth Sth1Sth2  Sths
Hin 2.7 Anh huéng cia dién 4p ngudn nap Hignh 2.8 Anh huong cua

dién trd ro
Khi thay dbi dién tré X & mach Stator, hiu qua nhu giam dién ap ngudn vi dién ap
dat 1én dong co bang dién ap nguon trur di do sut ap trén dién tro X.
Trén hinh 2.8 biéu dién sy thay d6i cia mo men khi thay doi dién tro rotor dong co.
Khi thay d6i dién tr¢ R’; s€ lam thay doi do truot téi han, nhung khong thay doi
mo men cyc dai (2.31).
Dac tinh co:

Pic tinh co 1a mbi quan hé ham giia m6 men va tbc do M=f(n). bé c6 dugc dic
tinh co ta dua vao dac tinh M=f(s) va moi quan h¢:

n=ny(1-s) (2.33)

Cho s nhiing gia tri khac nhau ta c6 gia tri cua n, tir (4.28) tinh M, 1ap bang moi
quan h¢ n=f(M) r6i dung d6 thi moi quan h¢ nay hinh 2.9

Na
No

Ny
t Hinh 2.9 dac tinh co dong

), Joo M. M

M6 men khai dong
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Tu h.2.9 théy: dac tinh co chia lam 2 doan: doan a-b va doan b-c. Poan ab 1a doan
lam viéc 6n dinh, vi trén doan nay mdi khi ché 36 6n dinh cii b pha vo thi né 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 c6 n=ng (no- 1a toc do khong tai co gia tri bﬁng toc do tir trudng
quay). Che d6 nay thuc té khong co, de nghién ctru phai gan may lai ngoai voi
dong co 10i quay rotor véi toe do bang toc d6 quay cua tir trudng. Goi ché do nay
1a ché @6 khong tai 1y tudng.

-Khi n=0. Day la ché d6 khi vira dua dong co vao luéi cung cip, dong co chua kip
quay, goi la ché do khdi dong , ing vo1 ché d§ khéi dong co6 mo men khoi dong.
Ngoai ra déng co con cb toc d6 n=0 trong truong hop dong co khong lam viéc,
khong c6 dién ap cung cap cho Stator. Luc nay khong c6 gi xay ra, ta khong ban
toi.

2.6.4 Dac tinh co tu nhién va dac tinh co nhan tao
Bc tinh co tw nhién: 1a dac tinh co dugc xay dung khi cac thong sd cia may nhu
dién ap, dién trd, tan so co gia tri dinh murc.

Ddc tinh co nhdn tgo la dac tinh co khi c6 mot trong cac thong sb trén thay doi,
cac thong s6 khac khong doi. Trén hinh 4. 10 biéu dién dic tinh co cho cac trudng
hop thay doi dién ap, thay doi sd doi cuc, thay doi tin sd ngudn cung cap va thay
ddi dién trd rotor.

n
A
No|
Noj 2p
ok T - M
Mo men O
khoi dong 3.) b)
n4
S Rii Ru<Rp<Ris
M | M
- 0 Minax -
c) d)
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b) Khi p=var. ¢) Khi f=var. d) Khi R-=var.



Nhan xét:

-Khi U;=var thi m6 men cuc dai thay doi,

-Khi thay d6i s6 d6i cuc, tbc d6 khong tai thay ddi, mé men cuc dai ciing thay doi.
-Khi thay dbi tan sd, toc do khong tai thay d6i, & pham vi f=fy,, néu diéu chinh tan
s0 theo nguyén tac U,/f;=const thi mé men cuc dai khong doi, con ¢ ngoai pham vi
trén mac dau dicu chinh tan so theo nguyén tac U,/f;=const van lam cho m6 men
cuc dai giam.

-Khi thay déi dién tré rotor thi mé men cuc dai khong thay doi.
2.7 Khéi dong dong co khong dong bd
2.7.1 Khoi ddng trye tiép
Khoi dong 1a qua trinh dua dong co dang ¢ trang thai nghi (ding im) vao trang thai
lam viéc quay véi toéc do dinh murc.
Khoi dong triee tiép, 1a dong dong co vao ludi khong qua mot thiét bi phy nao.

Viéc cap mot dién 4 ap dinh mire cho Stator dong co di bo rotor 16ng séc hodc dong
co di b ro to day quan nhung cudn day rotor noi tat, khi rotor chua kip quay,
thuc chat dong co 1am viéc & ché d6 ngan mach. Dong dong co rat 16n, c6 thé gap
dong dinh mirc tir 4 dén 8 lan. Tuy dong khai dong 16n nhu vy nhung mé men
khoi dong lai nho do hé s cong suit cos@g rit nhod (cosgg = 0,1-0,2), mit khac khi
khéi dong, tir thong cling bi gidm do dién ap gidm lam cho m6é men khéi dong
cang nho.

Dong khéi dong 16n gay ra 2 hau qua quan trong:
-Nhiét dg mdy tang vi ton hao 16n, nhiét lugng tod ra & may nhicu, ddc biét ¢ cac
may c6 cong suat 1on hodc may thuong xuyén phai khédi dong.
Vi thé trong so tay k¥ thuat ctia may dién bao gio ciing cho s 1an khoi 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 nhing Iy do d6 khai dong truc tiép chi ap dung cho cac dong co co cong sut
nhd, va khoi dong nhe tire 1a khi mé men can trén truc dong co nho. Khi khoi dong
nang khong dung dugc phuong phap nay.

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

ly =l = Y, (2.34)
JR+R,)? + (X, + X,)?

Ttr biéu thire ndy thiy dé giam dong khoi dong ta co cac phuong phép sau:
-Giam dién ap ngudn cung cap;

-Dua thém dién trd vao mach rotor (d6i v6i dong co di bo rotor day quéan);
-Khoi dong bang thay doi tan sd;
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-Kho1 dong bang phuong phap kiém tra dong khai dong, goi 1a phuong phap khoi
dong mém.
2.7.2.1. Khéi déng déng co di bé rotor ddy qudn
Véi dong co di bo rotor day quan dé giam dong khoi dong ta dua thém dién tré phu
vao mach rotor (H.4.11). Luc nay khéi dong dong co c6 dang:
Ul

l, = 2 — (2.35)
JR+R, +R,)? +(X, +X,)

Viéc dua thém dién tré phu R, vao mach rotor ta duoc 2 két qua: giam dong khoi
dong va tang mo men khoi dong.

6] phuong phap nay néu chon dién tré Ry, thich hop ¢6 thé dat duoc mod men khai
dong bang gia tri m6 men cyc dai hinh 2.11b.

AN
\ [ ] \ ° \ I nol R2
hY hY \
R,2+Fap ]
DPién trd phu
R’;+Rpp
Chéi than '\4
M {1in / Mmax
Vanh truyot P =
Mig=Mma
a) b)

Hinh 2.11 Khoi dong dong co di bo rotor ddy quéan a) So dd, b) dic

Khi méi khot dong, toan bd dién tréd khdi dong duge dua vao rotor, cung
véi tang tbc do rotor, ta cling cat dan dién tré khoi dong ra khéi rotor dé khi tdc do
dat gia tri dinh muc, thi dién tré khéi dong cling dugce cat hét ra khoi rotor, rotor
bay gid 13 rotor ngin mach.

2.7.2.2. Khoi dong dong co di bo rotor ngcfn mach

Vi dong co rotor ngén mach do khong thé dua dién tré vao mach rotor nhu dong
co di bo rotor day quan dé giam dong khéi dong ta thuc hién cac bién phap sau:

-Giam dien ap
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Dung cac phuong phap sau day dé giam dién ap khoi dong: cugn khang, bién dp tir
ngau va doi noi sao-tam gide. So dd cac loai khoi dong nay biéu dién trén hinh
2.12

Pic diém chung cia cac phuong phap giam dién ap 13 cung véi viéc giam dong
khéi dong, moé men khdi dong cling giam. Vi moé men dong co ty 1€ véi binh
phuong dién 4p ngudn cung cip, nén khi giam dién 4p, mé men giam theo ty 1&
binh phuong, vi du dién 4p giam +/3 1dn thi mé men giam di 3 1an.

Doi ndi sao tam gidc chi thye hién dugc véi nhimg dong co khi 1am viéc binh
thuong cudn day stator noéi tam giac. Do khi khoi dong cudon day Stator noi sao,
dién 4p dit 1én Stator nho hon /3 lan, khi chuyén sang ndi tam giac, dong dién
giam +/3 1an md men giam di 3 lan.

Khi khéi dong bang bién ap, néu hé s bién ap 1a k,, thi dién ap trén try ddu day cia
dong co giam di k, lan so voi dién ap dinh muc, dong khéi dong giam di k,, mo
men khéi dong s€ gidm di k,? 1an.TAt ca cac phuong phap khoi dong bang giam
dién ap, chi thyc hién dugc & nhitng dong co ¢6 khoi dong nhe, con dong co khoi
dong ning khong ap dung duoc, nguoi ta khoi dong bang phuong phap ‘nhom’.

PlM J P11> \é \o \lpz
e Y N Y

= =

i
|

ANAN

M \ «

° (] 4
a) A C Wpl
b)
Sao

:

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

Do sy phat trién cua cong nghé dién tir, ngdy nay ngudi ta da ché tao dugc cac bd
bién tan c6 tinh chat ky thuat cao va gia thanh ré, do d6 co thé 4p dung phuong
phap khoi dong bang tan so Thuc chat cua phuong phap nay nhu sau: Dong co
dugc cap dién tir bo bién tan tinh, luc dau tan sb va dién ap nguon cung cap co gia
tri rat nho, sau khi dong dong co vao ngudn cung cap, ta tang dan tan s0 va dién ap
ngudn cung cip cho dong co, tbc d6 dong co ting dan, khi tin s dat gia tri dinh
mirc, thi toc d6 dong co dat gia tri dinh mic. Phuong phap khéi 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 chung ta da biét khoi dong dong co di bo bang dua dién trd vao mach rotor 1a
tot nhat, nhung véi dong co di bo rotor 10ng soc thi khong lam dieu dé duogc.
Tuy nhién c6 thé tao hiéu ung nhu dua dién tré phu vao mach rotor dong co lff)ng
soc bang dong co ¢d sau tao rotor dac bi¢t : dong co ranh sau va dong co 2 ranh.

a. Péng co rotor long séc 2 ranh.
Dé cai thién khoi dong dbi véi dong co di bo léng soc, nguoi ta ché tao dong co
16ng soc 2 ranh: ranh cong tac 1am bang vat liéu binh thuong, con ranh khoi dong

lam bang dong thau 1a kim loai c6 dién tré riéng 16n (Hinh 2.13). Tt hinh v& thiy
rang, 4o dan tir cua

An
Na
h / >
A
3
hl\l 1
8z :
M
0
Hinh 2.13 Dong co rotor 1ong soc 2 Hinh 2.14 Dac tinh co cua dong co di
ranh bd 2 ranh

tur thong tan ranh dudi 16n hon cua ranh ngoai (trén). Nhu vay tré khang cua
cac ranh nay rat khac nhau: tré 'khang cua ranh dudi 1on hon tro khang cua
rdnh trén rat nhiéu. Khi méi bat dau khéi dong (s=1) tré khang cua rinh
dudi 16n, nén dong dién bi day lén ranh trén, dong dién chay trong né nho. 0
ranh trén tro khang nhé nhung dién trd thuan lai 16n, két qua lam cho dong
khoi dong nhé - d6 1 hau qua cua viéc dua thém dién trd vao rotor. Khi toc
do rotor tang 1€n, s giam di, tré khang ranh dudi giam, dong dién lai chay tur
ranh trén xudng ranh dudi. Khi tbc do dat gia tri dinh muec, thi dong dién
chay chil yéu & thanh duéi, dong ¢ thanh trén rat nho.
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Nhu viy thanh trén chi hoat dong khi khéi dong nén dugc goi 1a thanh khoi dong.

Pé xdc dinh dic tinh co cia dong co 2 ranh, gia thiét rdng 2 ranh hoat dong doc lap

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

dudi c6 dic tinh co nhw dwong 2. Tong cia 2 ddc tinh la ciia dong co 2 ranh (dwong
3).

a. Pong co rotor long séc ranh sdaul[1].

Pong co ranh sdu c6 cdu truc khac voi dong co réanh thuong. Chiéu cao h ciia ranh
dong co ranh sau thuong gap 15-20 lan chiu rong cua ranh (hinh 4.15). Rénh c6
nhi€u dang khac nhau: Chir nhat, hinh thang hay tron dudi, trén chit nhat...

b > A
Y h
:: h \
R \
| :::_::I::::::: ety \
o o \
v - \
PEfEEsssE s s v \\ .y R
J
2) b) M

Hinh 4.15 a)Rénh cua dong co 16ng soc ranh séu; b) Sy phan b do dan
tur theo chi€u cao ranh, ¢) D6 phan bé mat d§ dong dién theo chiéu cao
ranh.

Dé nghién ciru tinh chat cia may dién rinh sdu ta chia ranh ra timg 16p véi chiéu
cao h;. Do trong ranh c6 nhom, nén d¢ dan tir thong tan quyet dinh boi do dan tir
trong ranh.

Do dan tir ctia 16p 1 biéu dién béi:

I
Lép k tinh nhu sau:
A= ﬂthl =ch,

Trong d6 1-d6 dai 15i cta rotor. Tir biéu thirc ndy ta thdy rang, do din tir thong tan

16n nhat ¢ 16p dudi cung, con nho nhat ¢ 16p trén cung. Trd khang tan cia moi 16p

xac dinh nhu sau:

Xk:(x)ng :Ckkfg (236)

bén day, co thé noi vé su phan bd mat dd dong dién theo chiéu cao cua thanh dan.

Gia tri dong dién chay trong moi 16p phu thudc vao dién ap va tong tréd cua moi
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16p. Do sdd cam tng boi tir thong chinh trong cac 16p nhu nhau do d6 sy phan b
dong dién cac 16p phu thude vao tong tro cua 1op. Khi dong co mai dong vao luoi,
tan sb fz—fl nén Xy 1on hon Ry rat nhleu nguoc lai khi rotor quay véi toc do gan
bang tbc d6 dinh murc thi tin sé f, rat nhd nén X <<Ry. Do d6 khi m&i khéi dong,
dong dién chay trong céac 16p dudi rat nhé, nguogc lai khi rotor quay voi toc do gan
dinh murc 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 2.15¢. Ta thiy c6 hién tuong day dong lén
16p trén, do d6 dong khoi dong nho, gibng nhu dwa dién tré ngoai vao mach rotor
(vi dong dién bi ddy 1én 16p trén dién tich dan nho, nén dién tro 16n). Nhu vay khoi
dong vai dong co ranh sau mo6 men khaoi dong 16n (Mg =1,2-1,6)Mgp.

Trén hinh 2.16 biéu dién dich tinh m6 men va dong dién cua dong co ranh sau, con
trén hinh 2.17 biéu dién dic tinh co cua 3 loai dong co : ddy quan, 16ng soc thudng
va 1ong soc rinh sau.

Do dong co 16ng soc ranh sdu c6 md men khai dong 16n nén n6 duge ding cho cac
hé truyén dong c6 khéi dong nang vi du: can cau. So véi dong co di bd rotor day
quan, thi dong co 16ng séc ranh siu ¢ cau tao nhe hon, ré tién hon.

A M, 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 cia dong co ranh Dong co day quan, 2) Bdng co 16ng soc
sau thuong, 3)Pong

Khéi dong mém

Trong nhitng nam gﬁn day dé céi’thién khéi dong dong co di bd rotor léng
soc , ngoai phuong phap khdi dong tan s6 con ap dung phuong phap khoi dong
mém.
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Ban chat ctia phuong phap khoi dong mém 1a kiém tra dong khoi dong khi
thay d6i dién ap. Dé thyuc hién dugc diéu nay nguoi ta tao mot mach diéu chinh kin

nhu hinh vé 4.18 3~
B6 didu Bo dié“I I I
chinh ap
H.2.18. So d6 mach khoi - g Ty
dong dong co di bo 10ng soc xung
bang kho1 dong mém Do dond]

Dong khoi dong Iy dugc do tir may so sanh véi dong dat I, néu Lt -len=
Ag # 0, tin hi€u nay s€ tac dong 1én bd diéu chinh RI. Tin hiéu ra cta bd diéu chinh
tac dong 1én bd tao xung mé céc ti-ri-sto. Néu Ae >0 diéu khién dé ting goc mo céac
ti risto tic 13 ting dién ap dat vao Stator dong co, néu Ae<0 tac dong theo chiéu
giam dién 4p dat vao rotor, két qua 1a dong khoi dong luén nho hon dong dit.

2.8. Piéu chinh toc d6 dong co khong dong bd.
2.8.1. Mo dau

Trong thuc té san xuét va tiéu dung, cac khau co khi san xuat can cé téc do thay
doi. Song khi ché tao, moi dong co dién lai dugc sadn xuat vai mot toc d§ dinh mirc,
vi vay van dé di€u chinh toc do cac dong co dién la rat can thiét.

Khi m6 men can trén truc dong co thay ddi, toc do dong co thay doi, nhung su thay
doi toc do nhu thé khong goi 1a diéu chinh toc dg.

Piéu chinh toc dé déng co khéng dong bé la qud trinh thay déi toc do dong co theo
¥y chu quan cua con nguoi phuc vu cdc yéu cau vé cong nghé.

Phu thudc vao dic tinh co ctia co khi san xuit ma qua trinh thay doi toc do xdy ra
khi m6 men cdn khong doéi (hinh 4.19a) hodc khi mé men cén thay do6i (hinh
4.19Db).

Khi diéu chinh toc d§ dong co can thoa man nhiing yéu cau sau:
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Pham vi diéu chinh, su lién tuc trong diéu chinh va tinh kinh té trong diéu chinh.
Vi cac thiét bi van chuyén, phai diéu chinh téc d6 trong pham vi rdng, con thiét bi
dét hodc giay thi lai doi hoi toec do khong doi1 vai do chinh xac cao.

na mv
Ny nq
N, ~~—_ N,
Mc= var
> M
Mc M
a) b)

Hinh 2.19. Piéu chin}l tdc do dong co di b a) Kh7i mo men can
khong do1, b)Khi mé men can thay doi

Dé nghién ciru cac phuong phap diéu chinh toc do dong co khong ddng bo ta dwa
vao céc bicu thirc sau:

n=ng(1-s) (2.37)
n, =801 (2.37a)
p
E, f
[p— ha S = 1 237b
= hey . (2.37b)
Mt khic ta lai c0: E, = 1,,/R? + (X ,5)°
Viy S = R,1, (2.37c)
VESG +(Xyol,)?

Ttr cac cong thire (4.37) rat ra cac phuong phéap diéu chinh toc d6 sau day:
1.Thay d6i tan s6 fy;

2.Thay d6i s6 d6i cuc p;

3.Thay d6i dién tré R, & mach rotor;

4.Thay d6i E, hodc Uy;

5.Thay doi dién ap Ey;

6.Thay d6i tan s6 .

Trong cac phuong phap trén, nguoi ta hay st dung phuong phap 1, 2 va 4, con
dong co di bo rotor day quan nguoi st dung phuong phap 3. Dudi day trinh bay
ngan gon mot sO phuong phap thuong dung.

2.8.2 Thay déi tan sé nguoén dién cung cdp fi.

Phuong phap nay chi sir dung duoc khi ngudn cung cip c6 kha nang thay d6i tan
s6. Ngay nay, do su phat trién cta cong nghé dién tir cac bo bién tan tinh dugc ché
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tao tir cac van ban dan cong suat 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 du:oc ap dung rong rai va canh tranh vi cac hé thong truyen dong dién dong
mot chiéu.

Néu bo qua ton hao dién 4p & mach Stator ta cé:

U;=E1=4,44f;W1Keg10 (2.38)

Hay U]_:kfl(I) (2383.)

Tir biéu thire ndy ta thiy néu thay d6i f; ma gitr U;=const thi tir thong s& thay 601
Viéc thay doi tir thong lam giam diéu kién cong tac ciia may dién, thay doi hé sb
cos@y, thay d6i hiu 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 glu: cho tur thong khong ddi. Mudn
giit cho tir thong khong d6i thi khi thay doi tin so ta phai thay doi dién ap dam bao
su can bang cua (4.38a).

Phuong phap diéu chinh tan s6 ngudn cung cap két hop voi 1y thuyét diéu khién
hién dai ma hién nay hay dung nhat 1a diéu khié véc to, da bién hé thong truyén
dong dién dong co khong dong bo co dic tinh ciia mot hé thong truyén dong dién
dong co mot chidu. Cy thé 1a c6 thé diéu chinh nhanh m6 men khi gitr cho thanh
phan tao tir théng ctia dong Stator ma chi can diéu chinh thanh phan tao mé men
cua dong Stator. Phan nay vuot ra ngoai pham vi cua cudn sach nay, ban doc mudn
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 gitt mo6 men cuc dai khong doi.

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

Néu h¢ so qua tai khong doi, thi ty so cia md men to1 han ¢ 2 toc d¢ khac nhau

phai bang ty s6 md men can & 2 toc o do tuc la:

My _m._u?_ 010
My M, 7 U '
Tur day ta co:

Uy _fy M. (2.41)
Ulll flll M(':' '

trong d6 M’y va M’ 14 m6 men t6i han va mé men can ng vé6i tan s6 ngudn nap
i, dién ap Uy’ con M™’yy va M”” la md men t6i han va md men can ing véi tan sb
ngudn nap f;”’ va dién ap U;”’. Néu diéu chlnh theo cong suat khong d6i P,=const
thi m6 men cua dong co ty 1€ nghich véi tde d6 do vay:
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M, 15 (2.42)
M, f}
Do do

Yy _ [h (2.43)
U 1 fl

Trong thyc té ta thuong gip diéu chinh véi M=const do do:

% = const (2.44)

1

Khi giit cho ¢ =const thi cosp=const, hiéu suat khong d6i, I;=const. Néu méd men
can c6 dang quat gio thi :

N\ 2
Yy _ [LJ (2.45)
U II1 fl
Khi dan céc biéu thirc trén ddy ta da gia thiét bo qua do sut ap trén dién tro R. Diéu
doé chi dang trong pham vi tan s6 dinh mirc, khi tan sd nhé hon tan sb dinh mrc,
dic biét khi tan sb thép thi viéc bé qua do sut ap nay khong chép nhan duoc vi khi £
nho, Xs nho khong thé bo qua do sut 4p trén dién trd thuan, do d6 tir thong s& giam
va mdé men cuc dai giam. Trén hinh 2.20 biéu dién dic tinh co khi diéu chinh tin
s6 voi f;>f,>f;. Uu diém ctia phuong phép diéu chinh tan s6 13 pham vi diéu chinh
rong, do diéu ghinh lang, t6n hao diéu chinh nho.

Nn

Noj \
Hinh 4.20 dac tinh co khi diéu chinh

n02 A A
tan so

2.8.3 Thay déi s6 doi cuee[2]
Néu dong co di bo co trang bi thiét bi d6i ndi cudn day dé thay doi so doi cuc thi ta
c6 thé diéu chinh tdc dd bang thay do6i so doi cuc.

Dé thay doi sb d6i cuc ta c6 thé :

-Dung d6i ndi mot cudn day. Gia st luc dau cudn day duoc ndi nhu hinh 4.21a, khi
d6 so cap cuc 1a p, néu bay gido do1i noi nhu hinh 4.21b ta dugce s6 cap cuc p/2.

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

p/2

A A n0/2

A) b 0 c)

Hinh 2.21 Cach d6i ndi cudn day dé thay doi s6 doi cuc: a) Mac ndi tiép, s6 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).

Véi cach nbi nay ta co: khi hé sd cose khong d6i thi cong suat trén truc dong co &

sodo Y sé la:

Py= V3 Ugl,ncose; ; Cho s0 dd YY c6: Pyy = /3 Uqy21,nc0s0;, do do Py/Pyy =2.

6] day I,-dong pha. Nhu vay khi thay d6i toc do 2 1an thi cong suat ciing thay d6i
Vol ty le ay. Cach d6i ndi nay goi 1a cach d6i ndi co6 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

IAYAY4

FAVAY A

a) h)

Hinh 2.22 D6i ndi cudn diy a) Y—>YY, b)
Ta c6:Py= +3Ug+/3 1,nc0801; Pyy = +/3 Uy 21,mc0s@y; do d6 Pyy/Py=2/+/3=1,15,
thue té coi nhu khong d6i. Pay 1a cach ddi nbi c6 P=const.

-Dung cudn day doc lap véi nhiing sb cuc khac nhau, do 1a dong co di bd nhiéu téc
dd. Véi dong co loai nay Stator c6 2 hodic 3 cudn day, mdi cudn day co sb d6i cuc
khéac nhau. Néu ta trang bi thiét bi ddi ndi cudn day thi dugc 6 ) cap cuc khac
nhau tng véi 6 toc do.
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Pic diém cua phuong phap thay 601 tbc do bang thay 601 sd doi cuc: ré tién, dé
thyc hién. Tuy nhién do p 1a mét s6 nguyén nén thay doi tbc do co tinh nhay bac va
pham vi thay ddi téc 46 khong rong.

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

Thay ddi dién ap ngudn cung cip 1am thay d6i dic tinh co (hinh 2.23). Vi mé men
cuc dai Mpa=cU;% nén khi giam dién ap thi mé men cuc dai ciing giam ma khong
thay doi do trugt téi han (vi sy ~ Ro/X5). Néu mo men can khong doi thi khi giam
dién ap tir Ugp, tO1 0,9U4, toc do s& thay ddi, nhung khi dién ap giam téi 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 1a pham vi diéu chinh hep, rit dé bi dimg may, chi diéu chinh theo chiéu giam
tbc d6. Mat khac vi Py= CExl,cosp, = C,U;l,cos@i=const nén khi giam di€n ap
U;, ma mo men can khong ddi s& 1am ting dong trong mach Stator va rotor 1am
tang ton hao trong cac cudn day.

Dé thay d6i dién ap ta co thé dung bo bién d6i dién ap khong tiép diém ban dan,
bién ap hoac dua thém dién tr¢ hodc dién khang vao mach Stator. Pua thém dién
tré thuan sé lam tang ton hao, nén ngudi ta thudng dwa dién khang vao mach Stator
hon.

Dé md rong pham vi diéu chinh va tang do cirng cua dac tinh co, hé thé)ng 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 rotor.

Phuong phép diéu chinh nay chi ap dung cho dong co di bo rotor day quén biac
tinh co cua dong co di bo rotor day quan khi thay doi dién tr¢ rotor biéu dién ¢
hinh 4.24. Khi tang dién tro rotor, dac tinh co mém di, néu md men can khong d01
c6 thé thay d6i toc d6 dong co theo chiéu giam. Néu dién tré phu thay d6i vo cap
thay d6i dugc tbc do vo cap , tuy nhién thay d6i vo vap téc 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 d6 1au dai va c6 nhiéu dau ra.

0,9U4nm
0,8Udm

M Y
0 M. 0 M. M.
Hinh 2.23 DPac tgnh co cua déqg 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 rotor c6 thé tinh bang cong thuc:
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S , \ , v A an \
R, = (—2 — JRZ trong do s; va s, ung voi toc do ng va n,.
1

Khi M¢=const thi pham vi diéu chinh téc do 1a n; —ns (hinh 2.24), khi M, ting,
pham vi diéu chinh téc d6 tang. Khi mdé men can khong dbi thi cong suat nhan tir
lu6i dién khong doi trong toan pham vi diéu chinh téc d6. Cong suét hiru ich
P,=Mw, ¢ trén truc dong co s€ tang khi do trugt giam, vi AP=P4-P,=M(w:-m,) la
ton hao rotor nén khi do trugt 16n t6n hao sé& 16n.

Dic diém cua phuong phap diéu chinh dién tré rotor 1a diéu chinh lang, d& thuc
hién, ré tién nhung khong kinh té do ton hao ¢ dién tr¢ di€u chinh, pham vi diéu
chinh phu thudc vao tai. Khong thé diéu chinh ¢ toc d§ gan toc do khong tai.

2.8.6 Thay déi dién dp ¢ mach rotor

Trudc khi bude vao nghién ciru phuong phap diéu chinh téc d6 bang dua thém sdd
vao mach rotor, ta thuc hién viéc thong ké cong suat & may dién khong dong bo khi
c6 dua dién tré phu vao mach rotor.

Céong sudt nhdn vao:

P1=m;U,l;cosp,

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

Pay la cong suat chuyén qua tir truong sang rotor.

Cong suat dién tir dugc chia ra cong suat dién va cong suit co:
Pat=PcotPdien

trong do: Paign =APcy2tP2

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

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

S =My(R R IS

Khi thay doi toc do quay bang thay doi dén tré mach rotor, 1a ta da lam thay doi P,
truyén cho dién tr¢ phu dé cong suat co khi P, thay doi vi:
P4=PcotP2+APcy =const trong d6 APcy, = const.

Bay gio chiing ta nghién ctru mot phuong phap khac thay d6i cong suét P, trong
mach rotor. B¢ la phuong phap dua thém vao mach rotor mét dai lugng: AE, (hinh
2.25) ¢6 cung tan sb rotor va ciing phai thay doi theo tdc 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]:

Pai= PeotPgicn= PeotPo+APcy =const (2.46)
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Tén hao dién AP, trong trudng hop nay khong doi vi gia tri dong dién I, khong
phu thudc vao do truot. Trong ving 6n dinh ctia dic tinh co ton tai mot gia tri dong
dién I, va mot gia tri hé s6 cos@, thod man quan hé: Pg=m,E,l,c08¢, = Cl,C0Sp,
=const

Néu ting cong suit phat P, (cong sudt phat mang du + trong biéu thirc (2.46)) cho
mot tai nao do & mach rotor sé lam giam cong suit co khi P, Vay khi m6é men can
khong dbi s& 1am toc do thay do6i (n=cP,), néu mach rotor dugc cap vao mot cong
sudt tac dung P, (c6 dau am trong biéu thirc (2.46)) thi P, s& ting, dong nghia voi
tdc d6 ting. Néu mach rotor duoc cung cip mot cong sudt P, bang ton hao APqy,
lac nay Pgien =SP4 =0 c6 nghia la s=0 vy dong co quay vo1 tde do tur truong.

I~ ] ~ In ~~ — /gpcuz P. 4P

X TR, |, SXo R,/
FG p;p AFG);HE}; Fq@)Pm . Afz G) >
f.=sf. f.=sf.
A) L - h)
Pdien
. .
3P-.
FQ 2y R,(1-5)/s _-Izq
s {2,
AE, — —
f.=f. S
c)

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

Néu bay gio cAp cho mach rotor mot cong suét | P, | > AP, thi dong co quay véi
tdc do 16m hon tdc d6 ddng bo. Phuong phap thay do6i toc d6 nay cho phép thay dbi
tdc do trong pham vi rong (trén va dudi toc do dong bd). Thay do6i pha cta AE, 1am
thay doi hé s cong suat Stator va rotor, hé s cong suét c6 thé dat gia tri cosp=1
tham chi c6 thé nhan duoc hé sb cong suét am. Néu ta dua vao rotor cong sut phan
khang thi dong co khong phai lay cong suat khang tir ludi, lic nay dong kich tir can
thiét dé tao tir truong dong co nhan tir mach rotor. Phuong phap diéu chinh téc do
trén ddy goi 12 phuong phap nbi tang.

Két luian

Trong chuwong di trinh bay vé dong co khong dong bo cu thé nguyén 1y hoat dong,
cac dic tinh co, cac phuong phap khai dong va diéu chinh téc d6 dong co khong
dé)ng bo. Pay la loai dong co co cAu tric chic chin, don gian lam viéc on dinh
khong phai bao dudng thudng xuyén. Pay 14 loai dong c6 duge st dung rat nhidu
trong cong nghiép , trong gia dinh véi gidi cong suat tir phan trim oat t6i me ga
oat.
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MAY PIEN TOC PO CAO: CONG NGHE XU HUONG

VA PHAT TRIEN[78]

|. GIOI THIEU

M4y moc co khi quay di duoc phat trién va st dung trong mot thoi gian
dai, va gio day no dugc coi la mot cong nghé truong thanh va dang tin cay cho
mot s6 tng dung k¥ thuat. Cac tng dung ndy bao gom bd ting ap, 6ng van
chuyén khong khi, dong co may bay truc thing, dong co xe dua va may bom
nhién liéu ¢ tdc 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 co 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 ndy. Bai viét ndy trude tién sé tong
quan vé mot s6 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 cua may tdc do cao 1a
giam trong luong hé thong cho mot cudng do bién d6i niang lugng nhat dinh.
Piéu nay dic biét mong mudn trong cac ung 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 Iyc kéo dang ké dé thuc day céac
cong nghé tbc dd cao. Mot loi ich khac thuong dugc nhan théy trong viéc ap
dung cac may toc do cao trong cac ing dung nhét dinh d6 1a su 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 ddy bai sy phat
trién ctia céc thiét bi chuyén mach dién tr cong suat, cAu trac lién két bién doi va
phuong phép diéu khién dang cho phép tan sb hoat dong cia may tham chi cao

hon. Biéu nay dugc két hgp véi su phat trién vat liéu tr mém va cing, c¢6 kha
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nang chiu dugc cuong dd cao hon cua dd cang co khi trong khi thé hién ton that
ac thap, cho phép van tc ngoai vi rotor cao hon va mat do cong sut cao hon.
Sau khi xem xét cac linh vuc trng dung cho may moc dién tdc d0 cao, bai viét
nay s& néu bat nhitng tién b dang ké gan day trong cong nghé vat liéu lién quan
dén may tdc d6 cao. Sau do, nhiing so dd may dién khac nhau tir cac tai li€u
tham khéo s& dugc xem xét va so sanh vé kha nang tdc do cao cua ching va dac
diém hiéu nang.

3.2.TONG QUAN VE UNG DUNG

Trong mot $6 ung dung, may di¢n tdc dd cao truc tiép thay thé cac hé
théng co tc d6 cao hién co, trong khi d6 ¢ nhiing ung dung khac, may dién toc
d6 cao bo sung cho hé thong co khi toc do cao hién cé. Phan nay cung cap tong
quan vé truyén dong bén canh nhitng phat trién nhu vy cho mot pham vi rong
ctia pho ung dung. Danh sach nay khong dy da nhung chi ra ing dung kéo cho
dién cong nghé may moc toc do cao.

3.2.1.May dién tbc do cao cho nhiéu dong co dién (O to / Phat dién)

Khai niém mdy kéo hiéu suat cao tich hop trong hé théng 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 suat nhién liéu va khi thai ngay cang nghiém ngit
dé tiép tuc dién khi hoa cho dong co dang duoc st dung cho 6 t6 va céc tng
dung tao ra ning luong, cha yéu thong qua viéc st dung may dién toc do cao.

Céc rng dung tiém ning cua may dién téc do cao trong mot dong co dién co

Combined turbo
motor / generator

@ -
M,...,..,-JD g

H.3.1 May dién tdc d6 cao ding cho nhiéu may

nhiéu hon



H.3.2. Tang 4p tro luc dién: tich hop may dién trong may moc téc d6 cao hién co
nhu trong Hinh 3.1, tao ra mot ho bon may dién téc do cao co thé xung quanh

mot dong co trong tuong lai. Trong mot tng dung nhu vy, may dién dugc dat
trén cung truc VoI 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 dugc st dung 1am dong co dé ting
tbc may nén dén téc do can thiét, do d6 giam do tré duong dng va cai thién kha
nang truyén dong. O dong co cao tai, khi c¢6 nang lugng du thira trong khi thai,
thay vi m¢ mot van cong chét thai dé ngan chan qua muc tryc, may dién duoc s
dung nhu mot may phat dién. Sy 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 dit mot tuabin dién bd sung va may tdc do cao (may M2
trong hinh 1) & ha luu cua bo tang ap dé giai nhiét thai tir khi thai nén, thuong
duoc goi 1a qua trinh nén. Niang luong phuc hoi sau d6 duoc s dung dé cung
cap cho tai cuaa xe dién, ké ca may kéo néu sir dung trong mot kién trac hé
thong 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 st dung dé giam lugng khi
thai NOx bang cach dinh tuyén mot s6 khi thai trg lai vao ludng khi nap. Trong
dong co, noi ap sudt khi thai 16n hon ap suit khi nap, mot hiéu ap suét am ton
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tai; do d6, dong chay EGR c6 thé nhan ra bang cach két néi mot dng 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 dugc khac phuc [2]. M6t cach khic phuc hiéu qua
van dé noi trén 13 bang cach dat mot may nén EGR ¢ thuong ngudn caa Tua bin,

duoc

H.3.3 May dién tdc d6 cao dugce sir dung trong déng

diéu khién boi mot dong co téc do cao (may M3 trong Hinh 3.1). Diéu nay lam
giam dang ké nang luong bom can thiét so véi cac hé thong EGR thong thuong
trong d6 khi thai duoc rat ra ¢ ha Iuu cua tuabin. Hiéu qua cai thién nhién li¢u
dong co cao hon ¢ thé dat dugc bang cach thu hoi nang 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 duoc thu hdi bang cach luu thong mot chat
long 1am viéc sau d6 dugc s dung dé truyén dog tuabin toc do cao va mot may
phat dién. Muac do cai thién hiéu qua nhién liéu hon 12% da duogc chitng minh
[3]. Hinh 3.3 cho thdy mdt dong co nhu vay dugc phat trién boi Cummins. Pham
Vi cia nut cong suat-tbe do cho may dién dugc phat trién cho cac tng dung dong
co rat rong, dao dong tir 2 kW / 220 000 r / phat cho mot tng dung 6 t6 hanh
khach [41] 1én t6i 150 ma luc / 35 000 r / phtt cho mot dong co so cap phat
dien.

3.2.2. H¢ thong banh da lwu trit nang lirong

Hé théng banh da luu trit nang luong hoat dong bang cach luu trir ning
luong co hoc trong mot banh da quay .Ning luong dién duoc luu trit bang cach s
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dung mot dong co quay banh da, do d6 bién d6i ning lugng 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
thép. Banh da hién dai dugce thiét ké dé quay o tdc do cao hon. Banh da nhu vay dat
dugc mat do nang lugng cao hon pin NiMH thuong st dung trong xe lai, mac du
c6 mat do nang luong thap hon. Pdi v6i cac tmg dung luu trir ning luong doi
hoi dau ra cong suat cao trong khoang thoi gian ngan (vi dy, thdp ning luong), nhu
1a trudng hop cho tro xe dién lai, hé thong banh da tdc d6 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 d6 hoat dong rong hon [68]. Hinh. 3.4 cho théy mot banh da duoc
phat triéen boi Williams Hybrid Power, dugc st dung trong Porsche911
GT3R. Banh da nay quay voi tbec do 40.000v/phut va dugc sir dung dé phat/ dong

co lén dén 120Kw cho dong co tryc trudc .

H.3.4 Banh da chét composit téc do cao

3.2.2. Ung dung cho mdy khoan toc dé cao

Nganh cong nghiép mdy moc ciing dithic daysuy phat trién
ctia may dién tbc do cao . Con quay téc do cao chi phi thip thong thudng sir dung
truyén dong dai, bi gidi han o toc do t6i da. Nhu cau téc do quay toc do cao ngiy
cang tang, diéu khién téc do, mic do rung thép va mat do nang lugong (do thiéu
khong gian) dd din 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
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ra trong pham vi rat rong, tir 9000-180 000 v/min, twong Ung vdi cong suétsirc
manh murc xap xi tir 24 xudng con 1kW.

Nhu d3 trinh bay ¢ Bang I, tbc d6 quay tdi da dat duoc trong cac ing dung
trong may phay khac nhau phu thudc vao loai vat liéu dugc xir ly. Ddi véi cac tmg
dung mai, may-céng cu quay tc do rat cao so véicac 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 str 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 8000 - 14000 rpm
Wood 18000 - 25000 rpm
Aluminum 30000 - 40000 rpm

3.2.3. May bom phdn tur turbin
May bom phdan tw turbin 12 mot rng dung khac, & do st dung dong co co

tbc do cao dugce coi 1a phu hop.

H.3.5 Truc khoan PCB tdc d6 cao 200-W 300 000-r / phut
Hi¢n ta1 toc do hop Ly 1€n to1 100.000v/phut ¢ muc cong suat thap (vai tram
oat) 1a muc tiéu twong lai cho tng dung nay. Cac bom phan tir duoc st dung dé
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nhan va duy tri 46 chan khong cao. Nhitng may bom lam viéc trén nguyén tac 1a
cac phan tu khi co thé duoc trao dong luong theo mot hudng mong mubn bﬁng
cach 1ap di lap lai sy va cham véi mot ran bé mit di chuyén. Trong mét may
bom phan tir turbin, rotor turbin quay rat nhanh hit cic phan tir khi tir dau vao
ctia bom vé phia éng xa dé tao ra hodc duy tri chan khéng. Mit cit ngang cia
mot tuabin thong thuong duoc diéu khién boi dong co tdc d6 cao hién thi trong
Hinh 3.6. Nhitng may bom nay dugc st dung dé c6 dugc diéu kién chan khong
rt 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 co dién
dugc str dung cho cac dong co ticu chuan. Dic biét, rotor chay trong chan khong
sau, gap cac van dé vé trao d6i nhiét [69]. Trong thuc té, viéc tan nhiét chi co thé
duogc thyuc hién bang buc xa. Sy dong gop quan tinh cia rotor trén tong quan tinh
phai cang thap cang tot dé don gian hoa qua trinh cin bang cia cic bo phan
quay. Cac gon mo-men c6 thé rat thap dé giam cac nguy co cua cong hudng co

khi trong sy xoay cta hé thong.

H.3.6. Mt cit ngang ctia bom phan tir duoc didu khién béi tbe d6 cao
AAnA ~r~ T7R1

3.2.4. Ung dung may nén khi

M4y nén khi can thiét ¢ nhiéu noi trong cac nganh céng nghiép héa
chat, dau mo va khi dot, chu yéu dé thu thap, truyén tai va xir Iy khi ¢ ha
lwu. Pong co khi va tua bin khi thuong dugc st dung truyén dong may
nén. Mic du cic truyén dong chay bang khi thuan tién cho cac cong ty gas,
nhung ching ngdy cang khé cai dit hon do cac han ché vé moi trudong. Y tudng
str dung dong co dién truyén dong nén dé giam thiéu cac van dé vé méi truong,
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diéu chinh tdc do va bao tri khong phai 1a mé1 nhung su tién bo trong linh vuc
may toc do cao da khién chung trd nén hap din hon. Cac may nén khi khong
can dau dd duogc st dung thanh cong trong nhiéu nim, 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 dugc 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 tang dJ an toan, tang hi€u qua, tang tinh kha
dung va giam chi phi van hanh va bao tri. Vi viy, cac truyén dong dién toc do
cao 13 truyén dong mdy nén than thién véi moi trudong nhét [5]. Thiets ké va
rotor cia may cam tng 1000-20000v/phut (IM) dugc phéat trién boi
Converteam (nay 1a GE Energy), va dugc sir dung trong mot rng dung nhu vay

duogc hién thi trong Hinh. 3.7 va 3. 8, tuong ung.

H.3.8.IM tdc do cao 10 MW 20.000v/phiit dugc st dung trong
mot don vi mav nén tich hoo (GE Enerev).

Trong nhiéu tmg dung cong nghiép, nhu cau ngdy cang ting ddi voi khi
nén chat luong cao va khoéng dau . Trong nganh coéng nghiép thuc pham va do6
ubng , cling nhu trong nganh dugc pham , bat ky 6 nhiém dau nao ciing co
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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 cht lugng cao. Trong thiét bj dién tur cong nghiép, do am ¢6
thé anh huong dén qua trinh nhay cam va giy oxi ctia dai micro, két qua 1a san
pham thit bai. Trong tit ca cac nganh cong nghiép néi trén, bat ky 6 nhiém dau
nao ciing c6 thé dan dén thu hoéi san pham dit tién va ngimg hoat dong nha
may. Toc d6 may dién cao hoat dong & cong suat dinh mutrc 100-500 kW va toc
do 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 cac nha mdy xt 1y nudc thai, phan 16n cac yéu cong
sudt trén 60%, duoc yéu ciu cho viéc cung cip khong khi dé cung cap
oxy cho xur 1y sinh hoc cac dong chat thai va tron vao chéat ran. Cac may thoi
dich chuyén duong truyén thong chay trén cac truyén dong tan s6 thay doi hodc
cac thiét bi ly tam hudng truc co trang bi cac van dau vao va dau ra dé suc
khi. Thap ky qua da chimg kién mot sy ting truong nhanh chong trong viée sir
dung may thdi tuabin thic déy bo1 dong co tdc do cao, c6 do tin cay va do bén
cao hon, giam tiéng on, mot giam 25% vé khoi luong va, quan trong hon, khang
dinh tiét kiém ning luong khoang 35% [ 70] d6i véi may thoi thong thudng .

3.2.6. Nhirng turbin nho

Tuabin nho 13 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. Chung
thuong duoc st dung cho cac ung dung phat dién cb dinh tai cac vi tri co gidi
han vé khong gian dé san xuat dién. Chung la nhitng cd may nhién liéu linh
hoat ¢6 thé chay béng khi ty nhién, khi sinh hoc, propan, butan, diesel va dau
hoa. Tuabinnhé covaibd phan di chuyén, hiéu suat cao, khi thai
thép, vacoco hoi su dung nhiét thai. Chung nhe va kich thudc nho
gon. Thu hoi nhiét thai ¢6 thé duge st dung trong cac hé théng nhiét va dién

(CHP) két hop dé dat dugc murc hiéu suat nang luong 16n hon 80% [6].
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Hinh 3.9 cho thay cach bé tri dién hinh cua tuabin khi siéu nho. N6 bao
gdm mot may nén, budng dét, tuabin, may phat dién, may thu hoi (ty chon)
va may phat dién. Trong cac hé thdng khong dugc phuc hoi, khi nén duoc 1am
noéng tron véi nhién lidu va duge ddt chay trong diéu kién ap sudt 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 c¢6 chi phi thip hon, d6 tin
cdy cao hon va c6 sin nhiéu nhiét hon cho cac tng dung CHP so véi cac don
vi thu hdi. Pon vi thu hoi st dung mdt 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 duge sir dung trong qua trinh d6t
chay. Néu khong khi dugc lam néng trudc, can it nhién liéu hon dé tang nhiét
do clia n6 dén mic cén thiét & dau vao tuabin. Cac don vi thu hoi c6 hiéu suét
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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Gan day, c6 mot su quan tam xem xé&t lai trong viéc st dung tuabin nho
nhu pham vi mo rong trong sé-ri xe lai, ciing nhu tat ca cac-xe dién, khi mot
don vi cong suat co thé sac pin cua xe. Hinh. 3.10 cho théy mot microturbine
cong suat 50kW 80.000 v / phut do Bladon phat trién. Nguoi ta néi rang mot
cong nghé nhu vady co cac kich thudc, trong luong, va phu tung  chi
bang 5% cua cua mot dong co piston tuwong duong [7].
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H.3.10 Mot siéu turbin khi 50 kW,

3.3. Vat liéu

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

3.3.1. Thép ky thudt dién

Dbi véi cac 14 thép Stator va rotor, cac hop kim st silicon (SiFe) va sat
coban khac nhau (CoFe) da dugc xem xét. CoFe théa man dd bao hoa tr 16n
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 1, thoi gian u va khong
khi u; noi chung, cac tinh chit co khi cua vat liéu U tot hon khi d6 bio hoa tur
thép hon. Tuy nhién, ngay ca khi 1 dé tinh chit co hoc cua vt liéu tot nhat thi do
bdo hpoaf tir cuaCoFe van cao hon SIFE (khoang 20% cao hon). Mic
du CoFe dat hon dang ké so véi cac 14 thép SiFe, nd thuong duoc xem xét cho
cac may tdc dd cao vi khoi lugng vat li€u trén mdi kilowatt vé ban chat 1a nho va
do d6 khong ¢ y nghia 16n & cap do hé thng .

Mot thong ) quan trong khac khi chon vat li¢u can cho may tbc do cao
1a luong t6n that 16i thép duoc tao ra trong qué trinh can do tan sb co ban
va chuyén mach rat cao . V&i mot tan sb va mat do tr thong da cho, nhiing ton
hao 156i chiu anh huéng chi yéu boi d6 day can va cac phuong phap
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. Noi chung, cac 14 thép mong hon, ton hao 18i thap hon. Thép k¥ thuat dién
mong dén 0,1 mm véi ton that 16 rat thap, duoc thiét ké riéng cho cac tmg dung
tan sb cao, co san trén thi truong [8].

Hinh.3. 11 so sanh strc bén co khi va dic tinh tén hao 15i v6i 1T va 400
Hz cua la thép SIFE ( 9 ) va CoFe ( o) thuong mai c¢6 san dudi tén thuong mai
cia minh. Can luu y rang, dbi voi nhidu 16p thép (trir nhiing thi truong dic
biét cho dac tinh co khéi cua ching), cac thude tinh co khi cd gid tri nhan
biét binh thuong co gia tri. M270-35A va M235-35A 14 céc loai SiFe pho 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 suat cao
hon nhu may kéo .

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

nhu NO20 va Arnon7, 14 0,2 va do day 0,17mm tuong Gng.
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H.3.11.So sanh ton hao theo va do ’bén co hoc cho nhiing loai
thép dién co tinh chat khac nhau

Céac ton that 161 cua cac 14 thép mong da ndi ¢ trén la vuot trdi, nhu
trong Hinh 3.11; tuy nhién, day phi ctia ung suat dan hoi giam, thuong 1 300-
380 MPa cho cac hang nhu vay.

Yéu cau ngdy cang khat khe d6i véi thép ky thuat dién da thuc day
nghién ciru ctia cac cong ty luyén kim vuot ra khoi ranh gidi truyén thong trong

hai thap ky qua. Mot truong hop nhu vay 1a 161 INEX10, d6 1a mét 16p SIFE
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day 0,1-mm va c6 ton hao khoang 50% & tan s6 va cam tng ding mirc, ddi véi
cac 16p thép mong cao tan khic véi bang co 6,5% Ham luong Si [8]. Diéu
nay cho phép ngudi thiét ké di xa hon cac tan sb co ban trong Stator.

Céc tam thép silic thong thuong c6 ham luong silicon tir 3,5% trd xudng
vi rang thép s& bi cung. Tu lau n6é di dugc biét dén 13 nhitng tir dic diém cua
mot silicon thép tm cai thién nhu cic Sindi dung ting, dat dinh ¢ muc 6,5%
[8]. Tuy nhién, viéc san xudt cac tim thép mong c6 ham lugng Si trén 3,5% la
khong thuc té vi thép c6 xu hudng cting. Gan diy 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 lidu nay dé& giy, diéu nay khong
mong mudn ddi voi cac rotor tée dd cao. Tinh déo c6 thé duge cai thién bﬁng
cach phun gradient cua silic, trong d6 ham lugng silic cao dugc phun & cac
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 co cudng do rat
cao ma khong anh huong dén do déo. Pong luc cia nghién ciru nay chu 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 duoc gitt cang nho cang tot dé han ché ngan mach
tir thong nam cham (do d6 lam giam thé tich nam cham); tuy nhién, diéu nay bi
gidi han boi tng sudt cia vat lidu can. Ung sudt cao hon 800 MPa c
thé duoc thuc hién bang mot sd k¥ thuat nhu trat khdp ting cudng [9], voi chi
phi lam ting ton hao sit. Cac 16p HXT [10], thé hién trong hinh. 3.11, ¢ thé
dat dugc mot ing suét rat cao, co thé so sanh dé c6 do bén cua thép carbon
cao, vuot qua 800 MPa v6i do dan vuot qua 18%.

Hinh 11 ciing so sanh ton hao sat ddi voi bon loai hop kim CoFe khac
nhau. Nhu thé hién trong hinh nay, hop kim CoFe c6 dic tinh tir tdi wu
Vacoflux48 c6 ton that thdp hon dang ké So véi vat lidu M235-35A cung do
day.
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H.3.12 Hop kim cho rotor 16ng soc
Tuy nhién, Gmg suat ctia no6 la chi khoang 200 MPa ( tirc 1a mot nira ciia

SIFE), do do doi véi truong hop st dung & rotor tbc do cao la chua du. Bé
CoFe c6tmg suit twong ty (tac 1a Vacodur 50 véi cac tinh chét co hoc tbi
uu ) nhu SiFe, tinh chéat dién tir cia né bi suy giam va ton hao c6 thé so sanh
duogc vai ca SiFe va CoFe. Mot van dé quan trong can luu y rang cac 16p CoFe
n6éi trén la gion trong tu nhién, voi Vacoflux4d8co 2% do dan dai
va Vacodur50c6 6% do dan dai. Do gidn dai dugc cai thién 1én 32%
trong Vacoflux17, khi ham luong coban giam 17%, mdc du lam ting dang ké
ton hao 16i. Hop kim CoFe c6 thé dugc ting cuong bang cach hop kim voi
vanadi, chang han nhu Hiperco 50 HS, c6 thé dat dugc Gmg suét trén 680 MPa
voi do gian dai 15%.
3.3.2.Hop kim dong

Pbi voi truong hop IM, vat liéu thanh rotor va vong ngin mach yéu
cau lya chon cén than . Ung suét cao 1a can thiét & nhiét 36 cao nhu cac thanh
phuc vu chuc nang co hoc bén canh nhiing chic nang dién tir. Cac thanh ciling
thém vao do cung ctia cum roto va do d6 gitip tang toc d6 t6i han cua may. Hon
nita, dbi
v6i IM, gitt cho 1dng rotor trong tinh trang khée manh 1a diéu co ban dé van
hanh.

Déi voi cac ung dung nhiét do cao, téc do cao, dong tinh khiét khong
thuong dugc st dung do co6 tng suat thép, va né bj mém & nhiét do cao. Mot sb
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loai hop kim déng c6 d6 bén cao khac nhau di dugc st dung cho IM tdc do cao,
ching han nhu dong zircon zirconium (CuZr), dong bia beryllium (CuBe) [37]
va oxit nhém nhém dong ( CuAl ,0 3) [23 1, [24], [34], [35]. Hinh. 12 14 so d
ctia vaatk liéu khac nhau duoc xem xét cho cac 1ong rotor nhat 13 hai théng sd
quan trong d6i v6i mot tmg dung dong co cam tmg cao tdc (tic 1a dd dan dién
va Ung suat).

Podng c6 thé duoc ting cudng dang ké bang cach hop kim né véi cac yéu
t6 khac, nhung hop kim gy ra ton hao d6 dan dang ké. Pong ciing c6 thé dugc
tang cudong bang cach két hop cac hat min cua pha thi hai trong ma tran cia no,
lic nay chi gy ra ton that twong dbi nho vé do dan. Pha thtr hai co thé dugc mot
kim loai hodc hop chat lién kim két tua tir mot giai phap chat ran boi gia cong,
hodc nd c6 thé 1a hat phi kim loai, ch'fmg han nhu oxit 6n dinh, thém vao hoic
duogc hinh thanh trong ma tran déng. Mot vat liéu nhu vay dugc lam b::fmg cac
ky thuat oxy hoa, 1a Glidcop tir Hogands Bac My, van giit dugc sttc manh
& nhiét do cao vuot qua 300 °C.

3.3.3. Vat liéu lam nam cham

Nhiing thach thirc chinh d6i véi nam cham ¢ tdc do cao 1a cac tng suat
co hoc di duoc kiém nghiém va ton hao bén trong do xung tir thong két qua
cua cac ranh Stator, song hai khong gian ¢ khe ho khong khi va tur truong
khong ddéng bo do song hai theo thoi gian & dang song cung cap. Hudng truc,
huéng tdm va chu vi thuong dugc sir dung dé giam ton thét, nhu trong Hinh
13.

H.3.13. M6t miéng nam cham dé giam ton hao
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Ngoai ra, khi thiét ké cudn day mdy va kich thuéc hinh hoc dé giam
thiéu ton hao rotor va sau do, nhiét ¢ nam cham, 1a mét sy danh doi thict ké
quan trong [60 ].

May tbc do cao thuong sir dung nam cham c6 mat d§ nang luong
cao tir cdic ho NdFeB hodc SmCo v61i mot kha nang nhiét d0 lam viéc
cao. Céac 16p NdFeB hop kim véi Dysprosium (Dy) c6 nghia 1a nam cham
NdFeB c6 thé co nhiét do gi6i han lam viéc 1én tGi 250 ° C, chrfmg han nhu 16p
N38EH. Péi voi hoat dong trén nhiét d§ nady, samarium Gian cobalt
Sm,Co 17 van 1a vat lidu phu hop duy nhat. Mac du co6 tir du va tao ning
luong thép hon so v&i nam cham NdFeB, thuong Sm,Co;716p co thé hoat
dong 1én dén nhiét do cua 350 ° C, v4i mot s6 16p dic biét co thé day nhiét do
gidi hanlén t6i 550° C, nhung phai tra gia do tir du thap, nhu thé hién trong
hinh 14.

BluoH -1.0 -20

-0.5

-0.2 -

(01/1 Jo ©Y) g uononpuj Jo Wy uoneznaubeyy

¥ T T T L} T T T T
kOe -28 -26 -24 -22 -20 -18 -16 -14 -12 -10 8 6 -4 -2 0
L

T T T T T | PR A | % mr

T v v v v v —
kA/m -2200 -2000 -1800 -1600 -1400 -1200 -1000 -800 -600 -400 -200 O

H.3.14.Samarium-cobalt nhiét do

Do dan dién Stator va thanh ngén mach rotor ciing da dugc ap dung dé
bao vé cac nam cham khéi tir truong khong dong bo. PM rat yéu khi bi cing,
mic du ching co thé chiu dugc ap luc nén 16n. Bé dam bao tinh nguyén ven co
khi cua rotor téc d6 cao, nam cham duoc su dung du Umg lyc thuong xuyén
cho thanh ngan mach cua rotor véi vat liéu kim loai ¢6 d6 bén cao nhu In-
conel hodc titan [61]. Soi carbon cling thuong dugc sir dung nhu mot co ché
duy tri do tinh chit co hoc vuot troi ctia nd. Pay c6 thé 1a ddy nhé quén truc

tiép trén rotor, hodc vanh ngan mach duc sin c6 thé duoc lap rap vao rotor.
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3.4. Tong quan cac cong trinh cong bo lién quan t6i 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 xuat ban. Re Richt va Pasquarella [71] trinh bay mot tap hop céc
phép tinh phan tich lién quan dén duong kinh rotor quay véi toc do cao dua trén
bén ndi dung: 1) ung sudt co hoc trong rotor; 2)tdc dotéi han ; 3) lam
mat rotor va 4) cong suat cu thé trén mdi thé tich rotor. Cac cong thirc nay sau
d6é dugc su dung dé xac dinh thiét ké mét ctra s6 hodc hoic’ giai quyét mot
khong gian” cho cac may dién tdc do cao. Cac tac gia ciing trinh bay mot biéu
d6 cong suat- toc do, bao gdm cac dudng giéi han cho IM va dong bo, ciing nhu
cac khu vuc gi61 han cho mot sb cau tric bién tan lién két. Biéu do6 nay duoc su
dung désuy raxu hudng tuy thudc vao cong sudt va pham vi toc do can
thiét. Tai thoi diém viét bai, cac tac gia da két luan rang voéi toc dé thap
hon ((9000v/ phiit) va céng sudt cao hon (>30 MW), may dong bd dugc cung
cap tir cac bo bién tdn ngudn dong dién 1a giai phap thuan loi, trong khi ddi
v6i toc dé cao hon (100 000 v/phit ) va céng sudt thdp hon (S2MW) , IM duge
cung cép tir cac dau vao ngudn dién ap 1a giai phap dugc ua chudng . May PM
dugc mo ta 1a phu hop cho cac Gmg dung ning lugng thap va toe do cao .

Canders [72] trinh  bay viéc st  dung ciac may PM (SPM) gan trén bé
mat voi1 dai soi carbon, nhu mot sy thay thé thiét ké rat hira hen cho cac ung
dung cong suit cao hon va toc do cao. Mot sy lya chon phu hop cua tim dong
dién phan tng dugc coi 1a quan trong trong viéc cung cap tang ctia mat do luc
(& kNm / m?) giéi han trén cac rotor nhuw mot ham cua téc 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 sut 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 tbc do cao. Cac tac gia mo ta lam thé nao hé sb sir dung dién tu thép
hon so v&i may téc do thap va thong qua danh gia tai liéu cho cac may PM, cam

mg va may don cun duoc ché tao, theo kinh nghiém, mot duong hoi quy tuyén
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tinh lién quan dén gidi han cong suat d6i voi tde do thiét ké. Cac loai 6 truc
dugc sir dung cho cac may toc do cao ciing dugc nghién ciru phat trién.

Sau day 1a mot nd luc dé mo ta cac may tde do cao trong tai liéu da duoc
xdy dyng va thir nghiém, bao gdm 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 nghé da duoc sur dung tai cac mién do.

3.4.1. May dién cam vung toc d6 cao

IM, do ciu tric chic chin cta chung, thuong duoc sit dung cho cic ung
dung tdc do cao. Béang I, dugc phat trién va mo rong tu nhirng két qua trinh
bay trong [19], danh sach cic dong co IM trinh bay trong tai liéu dugc xép
hang theo bic cua pham vi tbc d6 ‘ve’ (6 m/s). Tir ndy bang, nd duoc luu
¥ rang, d6i véi cac
tbc do ngoai vi cao nhat, céu trac lién két rotor rin thuong duoc ua thich do
dd bén co hoc cua cau tric nhu vay. Rotor ran min , nhu trong Hinh 3.15 (a),
1a cAu trac lién két rotor ran don gian va manh mé nhat; tuy nhién, mot thiét
ké nhu vay thiéu mot duong dan c6 d6 dan cao cho cac dong rotor cam g
va do d6 1a mot thiét ké twong ddi kém hiéu qua [11], [12]. Cac thanh phan
dong diéu hoa tap trung trén bé mit ctia cac rotor 1a nguyén nhan tén hao
dang ké trong rotor da han ché mat do tong cong suat ciia may. Ngoai ra, dong
xody da day tir truong cam tng ra khoi rotor.

Rotor ran xé doc truc, nhu trong Hinh 3. 15 (b), 12 mot cai tién so véi
cu tric lién két rotor rin tron tru bing cach xé doc bé mit rotor [13],
[14]. Rach c6 tac dung din hudng thanh phan tir thong co ban vao rotor dong
thoi thé hién duong tré khang cao hon d6i v6i dong dién xody trén bé mat
rotor. Tuy nhién, rdnh ciing 1am ting t6n thit ma sat khong khi, ma ¢ téc do cao
dugc coi thé tham chi 1a 16n hon sy ton hao do dong xody, cling nhu lam giam

dd bén co hoc cua rotor.

68



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 rotor ctng tbc dd cao (a) Rotor cimg mém, (b)
rotor chia ranh ctmg (c) ro to dugc che phu (d) Ro to 16ng soc
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Céc nghién ciru chi tiét vé ranh doc truc ciia dong co cam ung rotor
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
xody. 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 rotor dat duoc br?lng phu rotor 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 céac thanh
rotor va nhu vong ngan mach. Thiét ké nhu vay 1a manh mé& vé mit co hoc va
dat duoc muac hiéu qua cao hon so voi ciu trac lién kétrotor rin don
gian. Hinh.3. 16 cho ta mot dong co IM rotor ran boc dong 300-kW 60.000v /
min st dung cho mot may nén khong khi [30]. Cau triic niay dugc sir dung cho
may co tdc d6 ngoai vi cao nhat cho & Bang II; tuy nhién, bang cach c6 mot 16p
phu, khe hé khong khi tir Stator dén sat rotor cao hon nhiéu so véi IM khi cac
thanh ddng nam trong cac ranh, do d6 dan dén hé s6 cong suat kém .

Lahteenmaki va Soitu [19], [20] nghién ctru viéc sir dung rotor ran 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
c40, cu thé 1a viéc khoan cac khe bang thép ran; do do, cac thiét ké co khe rotor
mé. Lahteenmaki so sanh rotor ran léng vao mot rotor ran déng boc hién tai cho
mot dong co 60kW 60.000v/ min va thong tin cho rang rotor long soc ting mat
d6 cong sut va va hidu suat so véi rotor dugc bao phii nhung tra gia vé su giam
do chéc chén veé co khi.

Lahteenmaki cling so sanh mot rotor 1ong soéc nhiéu 16p

v6i mot rotor ran duoc boc dong [19] cho mot may 30.600v / phit 65kW va bao
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cdo murc hiéu suét cao hon va hé sb su dung cao hon cho cAu trac lién két rotor
nhiéu 16p . Rotor nhiéu 16p cung cip thém 39% nang lugng khi c6 cung
mure tdng nhiét d§ cudn day Stator .

Lateb et al. [5] ciling so sanh cac loai cdu trac rotor ran khac nhau
v6i cau trac lién két rotor nhiéu 16p va dugce béo cdo rang céu trac lién két
rotor nhiéu 16p c6 murc hidu suat cao hon 2% - 3% so v&i cac cau tric rotor ran
khac nhau, ciing nhu hé sb cong sut cao hon . Két qua tuong tu di duoc bao
cao boi Ikeda et al. [21], nguoi da so sanh béng thuc nghiém mot cAu trac lién
két rotor 1dng séc ran voi ciu trac lién két rotor nhiéu 16p cho may 12.000 v/
phut 200 kW .

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

Trong tai liéu thuong dugce khuyén céo rang nén s dung rotor 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] 12 mot trong nhitng bai bao dau tién
thao luan vé su phtc tap lién quan dén viéc thiét ké IMs rotor nhiéu 16p toc 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 do 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 dd cao. Pidu nay thudng han ché cac nha thiét
ké dé chon mot mat do tir thong twong ddi thdp trong ring Stator (1-
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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 viéc lua chon 6 truc , boi tron
va can bang, luu ¥ dén loai can bang rat cao can thiét cho cac may tdc do cao .

Soong et al. [23] dua ra cach xir 1y toan dién cho thiét ké IM toc do
cao, mo ta cac van dé vé thiét ké va san xuat béng mot nghién ctru thiét ké
truong hop cua dong co 50.000v/ phut 21kW cho trng 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 mot sy thoa hiép gilta cac tinh chat dién tir va co
hoc. Soong et al. sir dung cac 16p SiFe cho ca rotor va Stator, va cac vat li¢u
dugc x1r Iy nhiét riéng sau khi duc 16 dé dat dugc cac dic tinh mong mudn cho
rotor va Stator (nghia 1a ng suat cao hon cho cac rotor va ton that sat thap
hon cho «cac 16p cua Stator). Van d& tGng sudt trong vat
liéu can rotor duoc nhan manh 1a mot van dé quan trong , luu y cach céac thanh
rotor thay doi img suét toi da trong can dbi véi ddooonjg co quay. Van dé nay
cling duoc thao luan boi Kim et al. [24], nguoi mé ta thiét ké cua IM 11.000 -
56000v / phiit cho méay nén ly tim, luu y viéc sir dung ranh tron dé giam thiéu
g suat trong céac 16p rotor .

Centner va Schafer [25], [26] thao luan vé loai thép dugc sir dung cho
cac 16p rotor nhu 1a mot tham s6 toi wu hoa va cé gang nghién ctru 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,
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H.3.17 R6 ro nhiéu 16p v6i thanh hinh tron

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 mot may dugce lam tir CoFe va may kia tur cac 16p
SiFe, luu y rang, do d6 bao 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 ca cac may tbc dd cao néu trén st dung cac 16p cia rotor-dang
tron. Gerada va cdng su. [34], [35] mo td mot phuong phap thiét ké lam ting
mat do cong suat bang cach sir dung thanh hinh giot thay vi cac thanh rotor tron
thong thudng duoc st dung, cung véi thiét ké riéng cho tai dién va tai tir va chia
ty 18. Céc thanh hinh giot cho phép mat d6 dong trong 16ng rotor duoc diéu
chinh theo nhiét do rotor t6i da mong mudn. Tuy nhién, hinh dang thanh nhu vay
cling 1am tang cac Ung suit trong cac 16p; do do, viéc sir dung mot méi truong
thiét ké da mién két hop 1a rat can thiét. Cac tha tuc duoc st dung dé tdng mat
do cong suat cua mot dong co 10 kW 80.000v / min IM, thé hién trong hinh.3.
17, cho mot img dung turbo tang ap.

Cac IM rotor nhiéu 16p duoc bao céo trong tit 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 lip vao no. Trong [23], duoc bao cdo rang, dbi véi
thiét ké IM truyén thong vdi, ty 1& rotor ID / rotorOD dé tang d6 cing va dé
cho phép ting tye 1& nhu vay tryc dan tir dugc sir dung. Trong mot bﬁng sang
ché tha vitiép can[27], [28], mot1di hoan toan bang 14 thép dugc sir
dung, v6i vong ngin mach dugc c¢b dinh boi thanh gidng. Cau trac lién két nay
bao gdm hai dau truc thép va cac 16p sdu ddy du dugc giit v6i nhau bang mot
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s6 thanh thép budc. Long soc gdm dong thanh ngan mach phan bé & 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 thit chit boi cac thanh giang, ciing dugc
phan phdi ¢ ngoai vi cta 18i va van vao dau truc . Cap bang sang ché cong
ngh¢ nay dang duogc su dung boi CONVERTEAM SAS (nay
1a GE Energy) [5]. Pong condy vé mit thuong maidugc  goi
1a MGV (Moteur grande vitesse), trong cac pham  vi 3-30 MW va  tdc
do6 tir 6000 dé 18.000v/min cho may nén dau/khi cong nghiép. Phan tich co
hoc /dong hoc rotor cau trac lién két nay da dugc xir Iy nghiém ngit trong
[29]. C4u trtc lién két nhu vay cho phép dat dugc tée do ngoai vi rat cao mot
dong co IM rotor nhiéu 16p, voi toe do 250 m/ s duoc bao cao [5].

Toc do ngoai vi cao nhét ddi véi IM rotor nhiéu 16p dugce duy tri bﬁng cach
sir dung cac tinh nang thiét ké vong ngin mach tién tién va bang cach sir dung

thép tim cudng dd cao, cé tir tinh cho rotor (khong phai 1a thép dién). Trong

[36] va [37], phan tich
dugc trinh bay vé cac tinh nang thiét ké vong ngan mach tién tién cho may
cong suat 2 MW 15.000v/ phut, duoc hién thi trong Hinh 3.18, bao gém mot
mit cat ngang khong hinh dang, giam (ng suat cat va tich hop mot lién két,
gitip giam bot cuong do cing gidi han, cho phép hoat dong véi mot toc
d6 va nhiét do rong trong pham vi thiét ké. Bdi véi cac 16p rotor, thép hop kim
AISI 4130 loai may bay cuong do cao duoc dé cap [37]. Piéu nay cho phép
tang toc do ngoai vi cua rotor 1én téi 290 m / s. Tuong tu, trong [38], hop kim
c6 do tu tinh cao, AerMet 100 dugc stir dung cho céac 16p rotor cho may 45.500
92v / phiit v6i tée dd ngoai vi 240 m /s,
3.4.2. Mdy PM téc dé cao
PM may ciing pho bién g dung chu yéu cho toc d6 cao vi mirc hiéu suat cua
chung cao, khong giéng nhu dong co IM ton hao rotor c6 thé duoc giam bang
cachrach; do  d06, cac nhiét do rotor co thé duoc han  ché dé giam gia
tri cho phan tan xung quanh. Bang I11 liét ké mot s6 may PM cia cac toc do
cao tim théy trong tai liéu tham khao, mot lan nita theo trat tu cua toc do ngoai
74



vi.Noguchietal. [41]da  thiét kémot  may PM 2-kW 220.000v/min
cho mot turbin ting 4p don. Cac rotor duoc bang cic nam cham vong dit song
song dugc trang bitrén mot truc thidm va gitr  lai b&di mot bang  so1
carbon. Mt trong tinh ning tha vi cua rotor nay 1a su thay bat thuong sau khe-
hai cuc quan tap trung. BS tri cudén day nay cho ta hé sd quan diy 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 thip. NO duogc thé
hién rang céc ting trong dong thiét hai do dé céac 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
thuét dé giam ton that rotor . Tuy nhién viéc lya chon td hop ranh-cuc
tuwfkeets

H.3.18. Rotor may dién 2MW, 15.000v/p ghép bang céc 1a thép
qua 1a hiéu suat cam ung tr tingdiéu d6 cho phép may lam yéu kich
tir. Noguchi et al. cling mé  ta cac thiét kécuiamot dong co PM1,5-
kW 150.000v / min chomdto tobom tang ap [42], [43], trong 6 su
dung mot rotor xay dung gidng nhu vay va két hop cuc-ranh, nhung duoc giir
chit 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 voi muc dich cai thién thiét ké rotor dé diéu
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khién cam bién. Trong bai bao nay, hai cAu hinh rotor 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 cum tir tinh lap rap
vira van trén truc va dugc gitr lai béng éng boc titan. N6 duoc chi ra rﬁng, béng
cach phan doan cac nam cham tir héa song song, ca hai tur truong co ban va bac
3 & khe ho khong khi déu cai thién, do d6 1am cho dong co tot hon dé diéu
khién khong cam bién.

Zwyssig et al. [46], [47] da ché tao va thir nghiém mot c6 toc do cao
nhat . Trong [46], viéc thiét ké, phan tich va thir nghiém may phat PM 100W
500 .000v/phat cho tuabin khi c¢& trung binh dugc mé ta. Cac rotor bao
gdém ctia mot nam cham ran hinh tru song song duoc gilt trong vong mot phan
r5ng cua mot hai ph??m truc titan. Céc van dé co hoc va dong hoc tur tinh duoc
xem xét thiét 1ap dugc md ta. Cac chi tiét ctia cong trinh nay dugc trinh bay

trong hinh. 3.19.

winding

rotor sleeve

permanent magnet
high-speed ball bearing
stator core

cooling sleeve motor

H.3.19 mét may PM 100W,
50.000v/p

May nay duoc nhan rong 1én dén mot 1-kW 500.000v/min mot nit cong
suat [47], do d6 di tang duoc tbc dd ngoai vicua rotor. Ca hai may sir dung
Stator khong xé ranh, voi cac muc dich cua vige giam thiéu ton hao rotor
va tranh dugc su st dung Stator ¢6 ring rat mong (tic 1a yéu co khi) ring
Stator. Céc tac gia tuong tu ciing phat trién mot may PM c6 cong suat 100W va
tbc d91.000000v/ 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. Tuong tu nhu
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[47], mdt Stator khong duc ranh dugce sir dung, va mdt nam cham ran dit bén
trong mot rong tryc. Samarium hay coban dugc str dung do tinh 6n dinh cua nd
0 nhi¢t d0 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 111
May PM toc do cao trong tai liéu tham khdo va trong cong
nhibdn vAn han than maes $A~ AA
Ve Rotor Type sleeve Power Speed Ref.
[m/s] oD [kW] [rpm]
[mm]

294 47 SPM titanium 22 120,000 [45]

288 25 SPM carbon 2 220,000 [41]
fiber

261 10 SPM titanium 1 500,000 [47]

233 89.4 IPM SiFe* 11 50,000 [62]

230 22 SPM titanium 2 200,000 (48]

201 16 SPM inconel 5 240,000 [44]

200 24.5 SPM carbon 1.5 150,000 [50]
fiber

200 - SPM carbon 1100 30,000 T
fiber

192 24.5 SPM glass 1.5 150,000 [42]
fiber

188 30 SPM inconel 5 120,000 Cum

mins

175 83.6 SPM carbon 40 40,000 [52]
fiber

172 16.48 SPM titanium 2 200,000 [53]

161 77 SPM carbon 40 40,000 [57]
fiber

157 6 SPM titanium 0.1 500,000 [46]

92 29.2 SPM carbon 0.5 60,000 [58]
fiber

77 83.6 IPM SiFe - 40,000 [52]

52 25 SPM none 1 40,000 [54]

51 35 SPM Inconel 1 28,000 [51]

40 300 IPM SiFe 60 2.600 CGT

*high strength laminations used

fcompany data

Takahashi va céng sw. [50] thao ludn va can nhéc thiét ké cho dong co
5 kW 150.000v /phit cho mot tng dung may méc cong cu. Cac tinh nang thiét
ké quan trong dugc nghién cuu, dac bi¢t luu y nhiing 1¢1 ich cua viéc st dung
mot khe ho khong khi vat 1y 16n cho méy tdc d6 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 lugng cac 6ng 16t day va vat liéu duoc nghién ctru thuc nghi¢m khéng
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dinh tinh khong hi¢u qua cua viéc st dung mot khe hd khong khi tuong doi
16n va nhing loi ich cua viée str dung 16p phip dan dién thap dam bao gitr ton
hao ro to & muc thép. Nhirng loi ich ctia viée sir dung vat liéu dan dién thép dé
gilt nam cham cling dugc xac minh boi Cho et al. [51], nguoi da thuc hién so
sanh voi nhitng t6n hao cia mot may dién co cong suat 50 kKW va tdec 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 gip sau 1an t6n hao trong rotor.

Binder va céng si. [52] cung cap cong thirc phan tich dé thiét ké hé
théng luu gilt soi carbon cho cac may téc do cao, minh hoa bang nghién
ctru truong hop dong co 40kW, 40.000v/phut . Trong cung bai viét nay, st
dung cung mdét nut dién / tdc do, nhirng han ché tbc do cua viéc su dung may
IPM cho dat dugc nam cham dugc nghién ctru, va n6 dugc bao cao ré“lng, béng
cach sir dung thép 16p cuong SIFE truyén thong, cac toi ngoai vi toi duoc gidi
han dén khoang 80 m /S. Toc d6 ngoai vi Cao hon cho IPM may c6 thé chi dat
dugc bang thép silic ¢ d6 bén cao, nhu mé ta ciia Honda et al. [62] nguoi dat
duoc toc do ngoai vi vuot qua 230 m / s cho mot IPM.

Tai liéu tham khao khac di tap trung vao phuong phap thiets ké da moi
truong va t6i wu hoa may tbc do cao, chéng han nhu cong viéc dugc thuc hién
boi Pfitser va Perriard [53], nguoi thiét ké va toi vu hoa mot 2-kW 200.000v/
min va cac cong viéc trinh bay boi Bianchi et al. [54] - [56], nguoi da nghién
ctru cac tuy chon thiét ké sir dung céc vat li¢u khac nhau cho dong co 1kW 25.
000v/p cho tmg dung may méc coéng cu. Can luu ¥ rang, d6i voi tat ca cac may
néu trén, mot may SPM véi dng 16t cudng d6 cao (soi titan / inconel / carbon /
soi thuy tinh) hau nhu chi dugc str dung.

3.4.3. Mdy SR toc dé cao

Mic du it pho bién hon cho cac tmg dung toc do cao so voi may IM va
may PM, mot s6 may SR di dugc phat trién cho mot s tng dung thich
hop. Khu vuc tng dung phd bién hon danh cho cac thi truong san xuit hang

loat chi phi thap (Ién dén 1 kW) nhu may hut bui va may thoi khi [65] -
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[67]. Cac may nay thuong dugc ché tao rat don gian v6i cau hinh hai cuc bon
khe thuong dugc st dung.

Mot ing dung khac cho may SR téc d6 cao danh cho dong co may bay
chay dién [63], [64]. O day, may SR thuong dugc sur 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 mdi trudng khic
nghiét (nhiét 46 moi trudng khoang 400° C) khién SR trd thanh lya chon phu
hop cho ung dung nay. Str dung cic may nay, hau nhu doc quyén, cac 16p phi
coban vanadi sat c6 do bén cao nhu Hiperco 50 HS. Bang IV liét ké mot s6 may
SR téc dd cao dugc tim théy trong tai li€u. Trong su Vrflng mat cua 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 nghi€p xEp
hang theo RPM kW

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

e sy~ H3.20 May dong bo 30kW 100.000v/p don === =0 bo
c6 cudn day kich tir phd bién; tuy nhién, trong trudng hop cia cac may don cuc,

cudn day kich tir (hodc nam cham) duogc dat & Stator chur khong phai rotor. Chu
trac lién két nhu vay dan dén mét cAu tric rotor chiac chan don gian co thé dugc
xay dung tir mot manh thép cudng do cao duy nhat va phu hop cho hoat dong

tbc d6 cao. May don cuc di duoc nghién ctru chu yéu cho cac hé théng luu trit
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nang luong banh da téc do cao [68], [75] trong d6 diéu quan trong 12 c¢6 ton hao
mod men quay zero thap va ton that rotor thap do may hoat dong trong chan
khong. Tsao [68] dd thiét ké va thir nghiém may cong suat 140. 000v/phut, cong
suat 140 kW, duoc thé hién trong hinh 3.20, cho mdt banh da tich hop. Mdt
rotor ran c¢6 do bén cao duoc s dung cho ca rotor dién tir va bd tich trir ndng
lugng. Trong dong co, bon cuc duoge cit thanh hai phﬁn trén va dudi cua rotor,
v6i cac cuc dudi xoay 45° 50 véi céac cuc trén. Cudn day kich tir bao quanh phﬁn
trung tam hinh tru cua rotor. May thur nghiém dat dugc mot hiéu suat trung binh

83% tai cong sudt trung binh cta 9,4kW, trén pham vi téc do 30.000-60.000v/p

10000 \

® Surface PM Machine

= Solid Rotor Induction Machine

x Switched Reluctance Machine

4 Laminated Rotor Induction Machine
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speed (rpm)
H.3.21. Nt toc d6 va r/min

v Béang V )
Tong quan gi61 han cua may dién toc do cao
Machine Technology rpm\ka 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




Maas [74] cling d3 phét trién mot may don cuc dong bo 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 sb 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

1én nhau, khai niém vé v/min V kW, nhu d3 gidi thiéu va mé ta trong [1],

La mot cdu trac xtng dang cho may moc quay tdc 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 suat, muc do nghiém trong cua cac van dé dong hoc nhu tdc do toi
han , gi4 tri cao cua 6 d& dN , téc do 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. nhimg van d& 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 tdc 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 toc d6 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 toc 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 c6 thé ciing dat dugc bang cach sir dung cac loai thép dién
cuong do cao mdi dugc gidi thi€u voi ung suat 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 thép do bén cao 13 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 tr cong suat. Noi dung chuong nay da trinh bay nhiing ting
dung chinh dé thuc day sy phat trién cta cac cong nghé, trinh bay nhitng tmg
dung ctia may c6 toc do cao vao trong céc 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 dugc 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 cé toc do cao.
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PHAN KET LUAN

Trong thoi gian lam dd 4n em d3 tim hiéu duoc hoat dong cta may dién dac
biét 13 may dién toc do cao. Qua diy em nhan thy rang mot linh vuc moi cia may
dién la may dién tdc d6 cao da phat trién va duoc ung dung trong nhiéu kinh vuc va da
c6 nhitng két qua dang quan tam.

Do kién thirc han ché nén viéc tim hiéu ciia em con chua sau, em s& ¢ ging
hon sau nay.

Em xin dugc cam on thay gido huéng dan ThS Nguyén Poan Phong da giup
em rat nhiéu dé hoan thanh d6 an nay.

Em xin cdm on céac thay thudc bd moéon Tu dong Cong nghiép cua truong Dai
hoc Quan ly va Cong nghé da gitp em trong qua trinh hoc tap.

Em xin cam on tit ca cic 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 thir 16i.

Em xin chan thanh cdm on.

Hai phong thang 07-2021

Sinh vién Pham Thé Pat
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