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ThS. Khuong Céng Minh Gido Trinh: Truyén dong dién Ty dong

LOI NOI PAU

Dé phuc vu kip thoi cho viéc hoc tap va giang day cia sinh vién
va gido vién khoa Dién truong Pai hoc Bach khoa Pa nang cling nhu
sinh vién cdc trung tam, va lam tai liéu tham khao cho cac k¥ su dién
va cac nganh c6 lién quan, ching t6i da bién soan gido trinh “fruyén
dong dién tu dong” (tapl, 2). Gido trinh gébm hai phan:

Phadn 1 (Tdpl): Trinh bay nhiing kién thic co ban vé: cic dac
tinh clia mdy san xudt, ciia dong co; cac phuong phap di€u chinh toc
do dong co, cac hé “bo bién déi - dong co”; qué trinh qud do trong hé
thong truyén dong dién tu dong; chon cong suat dong co...

Phdn 2 (Tdp2): Trinh bay hé diéu khién tu dong (DKTD) truyén
dong dién nhu: phan tich cic nguyén tic diéu khién tu dong; céc phan
tir di€u khién va bao vé; téng hop hé TDDTD theo dai s6 logic...

Noi dung ctia gido trinh (Phdn 1) gobm 6 chuong:

Chuong 1: Khdi niém chung vé hé truyén dong dién tu dong.
Chuong 2: Pac tinh co cua dong co dién.

Chuong 3: Diéu chinh toc do dong co dién theo céc thong so.
Chuong 4: Diéu chinh t6c do hé "Bo bién déi - Pong co dién".
Chuong 5: Qua trinh qué do trong hé thong truyén dong dién.
Chuong 6: Tinh chon cong suat dong co.

Noi dung cua gido trinh (Phdn 2) gbm 5 chuong:

Chuong 1: Khdi niém chung vé hé thong diéu khién tu dong
truyén dong dién (HT DKTD TDD).

Chuong 2: Nhitng nguyén tac diéu khién tu dong.

Chuong 3: Cac mach bao vé va tin hiéu hoa.

Chuong 4: Phan tir diéu khién logic - s6.

Chuong 5: Tong hop hé diéu khién logic.

Do han ché vé thong tin cling nhu kha niang nén noi dung gido
trinh chic chan con nhiéu van dé cin hoan thién.

Rat mong cdc ban dong nghiép va doc gia dong gop ¥ kién. Thu
g6p ¥y xin gli vé cho ThS. Khuong Céng Minh, Gido vién khoa dién,
Truong dai hoc Bach khoa, Pai hoc Pa nang.

Tac gia
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CHUONG 1:
KHAI NIEM CHUNG VE HE TRUYEN PONG PIEN
TU PONG.

§ 1.1. MUC PiCH VA YEU CAU:

+ Nam duogc cdu tric chung clia hé thong truyén dong dién tu
dong (HT-TDDTD).

+ Nam duoc dic tinh cla ting loai dong co trong cic hé thong
truyén dong dién tu dong cu thé.

+ Phan tich duoc cac phuong phap di€u chinh t6¢c do dong co va
véin dé diéu chinh t6c do trong cdc hé “bo bién déi - dong co ™.

+ Khao sat dugc qua trinh qua do cia HT-TDDTD véi cac thong
sO cua hé hoac cua phu tai.

+ Tinh chon cdc phuong an truyén dong va nam dugc nguyén
tdc co ban dé chon cong suit dong co dién.

+ Nam dugc cdc nguyén tic co ban diéu khién tu dong HT-
TDODTD.

+ Phan tich va danh gid duoc cdc mach diéu khién tu dong dién
hinh ctia cic may hoac hé thong da c6 san.

+ Ném dugc nguyén tic 1am viéc cta phan tir diéu khién logic.
+ Téng hop dugc mot s6 mach diéu khién logic.

+ Thiét k& dugc cdc mach diéu khién tu dong ctia cdc may hoic
hé thong theo yéu ciu cong nghé.
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§ 1.2. CAU TRUC VA PHAN LOAI HE THONG

TRUYEN PONG PIEN TU PONG (TPP TD)
1.2.1. Cau tric cua hé thong truyén dong dién tu dong:
* Pinh nghia hé thong truyén dong dién tu dong:

+ Hé truyén dong dién tu dong (TPD TD) la mot t6 hop cdc
thiét bi dién, dién tir, v.v. phuc vu cho cho viéc bién doi dién ning
thanh co nang cung cdp cho ciac co cdu cong tac trén cdc mdy san
sudt, cling nhu gia cong truyén tin hiéu thong tin dé diéu khién qua
trinh bién d6i nang lugng d6 theo yéu cdu cong nghé.

* Cdu tric chung:

I Phan dién

(L)uéi '> BBD :’> pC '> MSX
)
R R,
o T
K K,

GN VH

Hinh 1-1: M6 td cdu tric chung ctua hé TDD TD

BBD: Bo bién doi; DC: Dong co dién; MSX: Mdy sdn xudt; R va Ry: B
diéu chinh truyén dong va cong nghé; K va Ky: cdc Bo déng cdt phuc vu
truyén dong va cong nghé; GN: Mach ghép noi; VH: Nguoi van hanh
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C4u tric ctia hé¢ TDD TD gom 2 phan chinh:

- Phan luc (mach luc): tir luGi dién hodac nguoén dién cung cap
dién nang dén bo bién déi (BBD) va dong co dién (PC) truyén dong
cho phu tai (MSX). Céc bo bién d6i nhu: bo bién d6i may dién (may
phat dién mot chiéu, xoay chiéu, mdy dién khuéch dai), bo bién déi
dién tir (khuéch dai tir, cudon khang bao hoa), bo bién déi dién ti, ban
dan (Chinh Iuu tiristor, b0 diéu d4p mot chiéu, bién tan transistor,
tiristor). Pong co ¢6 cédc loai nhu: dong co mot chiéu, xoay chiéu, cac
loai dong co dac biét.

- Phan diéu khién (mach diéu khién) gébm cdc co ciu do ludng,
cdc bo diéu chinh tham s6 va cong nghé, cac khi cu, thiét bi diéu
khién déng cit phuc vu cong nghé va cho ngudi van hanh. Péng thoi
mot s6 hé TBD TD khéac ¢6 ca mach ghép ndi véi cac thiét bi tw dong
khac hodc v6i mdy tinh diéu khién.

1.2.2. Phan loai hé thong truyén dong dién tu dong:

- Truyén dong dién khong diéu chinh: thuong chi ¢6 dong co noi
truc ti€p véi ludi dién, quay may san xuat véi mot toc do nhat dinh.

- Truyén dong c6 diéu chinh: tuy thudc vao yéu ciu cong nghé
ma ta c6 hé truyén dong dién di€u chinh toc do, hé truyén dong dién
tu dong diéu chinh mo6 men, luc kéo, va hé truyén dong dién tu dong
diéu chinh vi tri. Trong hé nay c6 thé 1a hé truyén dong dién tu dong
nhiéu dong co.

- Theo cau triic va tin hiéu diéu khién ma ta c¢6 hé truyén dong
dién tu dong diéu khién so, hé truyén dong dién tu dong diéu khién
tuong tu, hé truyén dong dién tu dong diéu khién theo chuong trinh ...

- Theo dac diém truyén dong ta c6 hé truyén dong dién tu dong
dong co dién mot chiéu, dong co dién xoay chiéu, dong co budc, v.v.

- Theo mic do tu dong héa c6 hé truyén dong khong tu dong va
hé truyén dong dién tu dong.

- Ngoai ra, con c6 hé truyén dong dién khong déo chiéu, cé dao
chiéu, hé truyén dong don, truyén dong nhiéu dong co, v.v.
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§ 1.3. PAC TINH CO CUA MAY SAN XUAT VA PONG CO
1.3.1. Pac tinh co cua may san xuat:

+ Pac tinh co cua mdy san xuat 1a quan hé giita toc do quay va
momen can cua may san xuat: M, = f(o).

+ Dic tinh co clia mdy san xuat rit da dang, tuy nhién phan 16n
chiing dugc bi€u dién duéi dang biéu thiic tong quat:

M, =M, + (M, - M,,) [ﬂ] (1-1)

(de

Trong do:

M, - mémen ung v6i toc do .
M, - momen tng véi toc do o = 0.
M,,, - mOmen tng véi toc do dinh mic ®,,

+ Ta ¢6 cac truong hgp s6 mil q ting véi cdc tai:

Khi q = -1, moémen ty 1& nghich véi téc do, tuong ting cac co ciu
may tién, doa, may cuon day, cuon gidy, ... (duong O hinh 1-2).

Dic diém cla loai may nay 1a toc do lam viéc cang thap thi
momen can (luc can) cang 16n.

Khi q = 0, M, = M,,, = const, twong ting cic co cau may nang
ha, cdu truc, thang mdy, bang tii, co cau an dao mdy cat got, ...
(duong @ hinh 1-2).

Khi q = 1, mémen ty 1&¢ bac nhat vé6i toc do, tuong tng cac co
célu ma sit, may bao, may phat mot chiéu tai thuan trg, (duong @ hinh
1-2).

Khi q = 2, moémen ty 1¢& bac hai véi toc do, twong tng cac co cau
may bom, quay gié, mdy nén, (duong @ hinh 1-2).

+ Trén hinh 1-2a biéu dién cdc dic tinh co clia may san xudt:
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@ () Q)
® o
©) M
c Mc MC
@
()\)dm -~
M'.
M,,, M
a) b) c)

Hinh 1-2: a) Cdc dang ddc tinh co cua cdc mdy san xudt

@D:q=-1; @:q=0;, @:q=1;, @:q=2.
b) Dang ddc tinh co ciia mdy sdn xudt cé tinh thé ndng.
¢) Dang ddc tinh co ctia mdy sdn xudt cé tinh phdn khdng.

+ Ngoai ra, mot s6 mdy san xuat c6 dac tinh co khac, nhu:

- Momen phu thudc vao géc quay M, = f(¢) hoac moémne phu
thudc vao duong di M, = f(s), cic mdy cong tac co pittong, cic may
truc khong c6 cdp can bang cé dac tinh thudc loai nay.

- Momen phu thudc vao s6 vong quay va duong di M, = f(,s)
nhu céc loai xe dién.

- Momen phu thudc vao thoi gian M, = f(t) nhu mdy nghién d4,
nghién quang.

Trén hinh 1-2b biéu dién dac tinh co clia mdy san xuat c6
momen can dang thé nang.

Trén hinh 1-2c biéu dién dic tinh co clia mdy san xuat co
momen can dang phan khang.

Trang 5
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1.3.2. Pac tinh co cua dong co dién:

+ Dac tinh co clia dong co dién 1a quan hé gilra toc do quay va
momen cua dong co: M = f(o).

+ Nhin chung ¢6 4 loai dac tinh co cua cac loai dong co dac
trung nhu: dong co dién mot chiéu kich tir song song hay doc lap
(duong®), va dong co dién mot chiéu kich tir noi ti€p hay hoén hop
(duong®@), dong co dién xoay chiéu khong dong bo (duong®), dong
bd (duong®), hinh 1-3.

w

@

T re

M
Hinh 1-3: Cdc ddc tinh co cua bon loai dong co dién

* Thuong ngudi ta phan biét hai loai dac tinh co:

+ Ddc tinh co tu nhién: 1a dac tinh c6 dugc khi dong co noi theo
so do binh thuong, khong st dung thém cac thiét bi phu trg khac va
céc thong s6 ngudn ciing nhu ctia dong co 1a dinh mic. Nhu vay moi
dong co chi ¢6 mot dac tinh co tu nhién.

+ Ddc tinh co nhdn tao hay ddc tinh co diéu chinh: 1a dac tinh
co nhan dugc su thay déi mot trong cdc thong s6 nao dé clia ngudn,
ctia dong co hoac ndi thém thiét bi phu trg vao mach, hoac st dung
céc so do dic biét. Mbi dong co c6 thé c6 nhiéu da tinh co nhan tao.

1.3.3. D0 citng dac tinh co:

+ Pénh gid va so sdnh cdc dic tinh co, nguoi ta dua ra khai niém
“do cung ddc tinh co” va dugc dinh nghia:
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oM AM
=——; néu dac tinh co tuyén tinh thi: p =—— -Za
- d , h y g s h h\ (1 2 )
0w Aw

*

. o+ dM
Hoac theo hé don vi tuong doi: B = ; ; (1-2b)
®

*

Trong d6: AM va Aw la luong sai phan cia momen va toc do
twong tng; M" = M/M,_ ; ® = /o, ; hoic ® = o/m, .
< . N . mM <

Hodc tinh theo do thi:  =—tgy; (hinh 1-4) (1-3)

m(l)
Trong do6:

®

+ m,, la ti 1& xich
cta truc momen y
+ m,, la ti 1é xich

ctia truc toc do XL
me /M((O)

+ v 1a gbc tao thanh
gitta ti€p tuyén véi
truc o tai diém xét = =
ctia dac tinh co. M M
Hinh 1-4: Cach tinh do citng
ddc tinh co bang do thi

+ Dong co khong dong bo c6 do ciing dac tinh co thay déi gia
tri (>0, P <0).

+ Dong co dong bo ¢6 dac tinh co tuyét doi cing (B ~ ).

+ Dong co mot chiéu kich tir doc 1ap c6 do cing dic tinh co
cung (3 > 40).

+ Dong co mot chiéu kich tir doc 1ap ¢6 do cing dic tinh co
mém (B < 10).

Trang 7
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§ 1.4. CAC TRANG THAI LAM VIEC CUA HE TPPTD

+ Trong hé truyén dong dién tu dong bao gid cling ¢6 qua trinh
bién déi nang luong dién nang thanh co niang hoidc nguoc lai. Chinh
qud trinh bién ddi nay quyét dinh trang thdi 1am viéc cua hé truyén
dong dién. C6 thé lap Bang 1-1:

tr | Biewdd pp e, N
cong suat lam viéc
B/Pd - Pong co
1 — 0 =0 = Pyien khong tai
- Bong co
2 0 0 =P,-P, co tai
Ham
3 =0 | <0 | =[P,| | khongui
Ham
4 <0 | <0 |=[P,-Pl | tsisinh
Ham
5 0 <0 |=|P +P,] nguoc
__ P, Ham
6 AP{/L =0 <0 = |p, | dong nang
Trang 8
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o0 trang thdi dong co: Ta coi dong cong sudt dién Py, c6 gid tri
duong néu nhu né ¢6 chiéu truyén tir nguén dén dong co va tir dong co
bién d6i cong suat dién thanh cong suit co: P,, = M.o cap cho may
san xuat va dugc tiéu thu tai co cau cong tic cua may. Cong suat co
nay c6 gia tri dwong néu nhu momen dong co sinh ra cung chiéu véi
toc do quay.

o trang thdi mdy phdt: thi ngugc lai, khi hé truyén dong lam
viéc, trong mot di€u kién nao d6 co ciu cong tic clia mdy san xudt ¢
thé tao ra co nang do dong niang hodc th€ nang tich lily trong hé du
16n, co nang d6é duoc truyén vé truc dong co, dong co ti€p nhan nang
luong nay va lam viéc nhu mot mdy phat dién. Cong suat dién c6 gia
tri Aam néu nd cé chiéu tir dong co vé ngudn, cong suit co ¢6 gid tri am
khi né truyén tir mdy san xuét vé dong co va momen dong co sinh ra
nguoc chiéu véi téc do quay.

Momen cta may san xudt duoc goi la momen phu tai hay
momen can. N6 ciing duoc dinh nghia ddu am va duong, ngugc lai véi
dau moémen cta dong co.

+ Phuong trinh can bang cong sudt ctia hé TDD TD la:
P,=P, + AP (1-4)

Trong d6: P, 1a cong suat dién; P, 1a cong suit co; AP 1a tén
that cong suat.

- Trang thdi dong co géom: ché€ do ¢d tdi va ch€ do khong tdi.
Trang thdi dong co phan b & géc phan tu I, III clia mat phang o(M).

- Trang thai ham c6: Ham khoéng tai, Ham tdi sinh, Ham nguoc
va Ham dong ndng. Trang thai ham & géc 11, IV clia mat phang o(M).

- Ham tai sinh: P,
tra vé ludi.

<0, P, <0, co nang bién thanh dién nang

ién

- Ham nguoc: Py, >0, P, < 0, dién nang va co nang chuyén

thanh tén that AP.

ién

Trang 9
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- Ham dong ndng: Py,, = 0, P, < 0, co nang bién thanh cong
sudt ton that AP.

* Cdc trang thdi lam viéc trén mdt phdng [M, o]:

Trang thai dong co: tuong Gng véi cdc diém nam trong géc phan
tu thit nhat va géc phan tu thit ba cia mat phang [M, o], hinh 1 - 5.

Trang thdi mdy phdt: tuong tGng véi céc diém nim trong goc
phan tu thit hai vA géc phan tu thif tu chia mat phang [M, o], hinh 1 -
5. & trang th4i ndy, momen dong co chong lai chiéu chuyén dong, nén
dong co c6 tdc dung nhu bd ham, va vi vay trang thiai mdy phét con c6
tén goi la "trang thai ham".

S\M, M
® M : WA c
oV SOMY
£ | Mo
L
_ G
Trang thai mdy phat M, (o) Trang thai dong co
Mo<0;Mo>0; T Mo>0;Mo<0;
»M
Trang thai dong co 1 v Trang thai mdy phat
Mo >0;Mo<0; [ M(o) Mo <0;Mo>0;
\Mn T M((D) Mc
oW m [T e %\M\’

Hinh 1 - 5: Biéu dién cdc trang thdi lam viéc
trén mdt phang [M, o]
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§ 1.5. TINH POI CAC PAI LUGNG CO HOC
1.5.1. Mémen va luc quy déi:

+ Quan niém vé su tinh d6i nhu viéc doi diém dat tir truc ndy vé
truc khac clia momen hay luc c6 xét dén tén that ma st & trong bo
truyén luc. Thuong quy déi momen can M, (hay luc can F,) cua bo
phan lam viéc vé truc dong co.

+ Diéu kién quy doi: dam bdo cdn bdng cong sudt trong phdn co
cua hé TDDTD:

- Khi nang luong truyén tir dong co dén mdy san xuét:
P,=P_ + AP (1-5)
Trong d6: P, la cong suét trén truc dong co, P, = M, .0,

(M Va2 ® - momen can tinh quy d6i va toc do géc trén truc
dong co).

P_ 1a cong sudt cua mdy san xuat, P, =M, ..o, ,
(M,, va m,, - mOmen can va tdc do géc trén truc lam viéc).
AP 1a t6n that trong cdc khau co khi.

* Néu tinh theo hiéu suét hop toc do d6i véi chuyén dong quay:

P M,..
p=—=—1D M o (1-6)
n; n;
M, . M
Rt ra: My =—2 On _ k. (1-7)
n;.o n;-1

Trong d6: m; - hiéu sudt cua hop toc do.

. ® C s L e N A N Aa
i= ——- goi la ty soO truyén cua hop toc do.

Iv

Trang 11
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* Néu chuyén dong tinh tién thi luc quy doi:
M, = b (1-8)
n.p
Trong d6: 1 = 1,.n, - hiéu suat bo truyén luc.
7, - hiéu sudt cua tang trong.
p = 0/v,, - goi 1a ty s6 quy doi.
- Khi nang lugng truyén tir may san xuét dén dong co:
P,=P . -AP  (tu ching minh).
1.5.2. Quy d6i momen quan tinh va khdi luong quan tinh:

+ Diéu kién quy d6i: bdo toan déng ndng tich luy trong hé
thong:

W= W, (1-9)
1
0)2
Chuyén dong quay: ~ W =1. > (1-10)
V2
Chuyén dong tinh tién: W = m. 5 (1-11)

Néu sur dung so d6 tinh todn phan co dang don khoi, va dp dung
céc diéu kién trén ta c6:

® 0, &, 0 9 v
J -—2=J -—2+>J - —+>m -+ 1-12
) Z 2 Z iy
. L) & m;
= el YY) (1-13)
11 1 pj
Trang 12
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Trong d6: J, - mOémen quan tinh quy déi vé truc dong co.
®p - toc d6 goc trén truc dong co.
J, - mémen quan tinh cua dong co.
J. - moémen quan tinh cta banh rang thi i.
m, - khoi luong qudn tinh cla tai trong thi j.
i, = ®/w, - ti s6 truyén téc do tir truc th i.
p = /v, - ti s6 quy d6i van téc cla tai trong.

* Vi dy: So d6 truyén dong clia co cau nang, ha :

Jd ’ Md » Wy i, n;
........... —
O] H KON
i TS
7T = :3 T o,J,M,,n,
L aHTTLYR E
@

Hinh 1- 6: So do6 dong hoc cua co cdu ndng ha

@ dong co dién; @ hop toc do,
@ tang trong quay; @ tdi trong

) i) )] m.
Taco: T, :JD+Z§+1—;+p—; (1-14)
i t j

. o ., . FNDUSEPUIN <
Trong d6: i, = — - t1 sO truyén toc do tur truc tang trong.
™
t

Trang 13
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§ 1.6. PHUONG TRINH PONG HOC CUA HE TPP TP
+ La quan hé giita cac dai luong (o, n, L, M, ...) v6i thoi gian:
d(Jo)

Dang tong quat: Z:l\a/l1 ="q (1-15)
i=1

+ Néu coi mémen do dong co sinh ra va mémen can ngugc
chiéu nhau, va J = const, thi ta ¢c6 phuong trinh dudi dang s6 hoc:

M—MC:Jd—CO (1-16)
dt

Theo hé don vi SI: M(N.m); J(kg.m?); o(Rad/s); t(s).

Theo hé k§ thuat: M(KG.m); GD(KG.m?); n(vg/ph); t(s):
_GD’ dn

©T 375 dt

Theo hé hén hop: M(N.m); J(kg.m?); n(vg/ph); t(s):
~J dn

©955 dt

Momen dong: M,, =M — M, :Ji—? (1-19)

M-M

(1-17)

(1-18)

Tu phuong trinh (1-19) ta thay rang:

do
- Khi M, >0 hay M > M_, thi E>O — hé tang toc.

d ,
- Khi M,, < 0 hay M < M, , thi d—(:<0 > hé gidm toc.

- Khi My, =0 hay M = M_, thi do/dt =0 — hé¢ lam viéc xéc
lap, hay hé 1am viéc 6n dinh: ® = const.
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* Néu chon va ldy chiéu ciia toc do @ lam chudn thi: M(+) khi
MTTw va M(-) khi M . Con M,(+) khi M, N o; M_(-) khi M.\ w.

§ 1.7. PIEU KIEN ON PINH TINH CUA HE TPP TP

Nhu 6 trén da néu, khi M = M, thi h¢ TDDTD lam viéc xac lap.
Diém lam viéc x4c lap 1 giao diém cla dic tinh co clia dong co dién
®(M) v6i dac tinh co cia may san sudt o(M,). Tuy nhién khong phai
bat ky giao diém nao cua hai dic tinh co trén ciing 12 diém 1am viéc
xdc lap 6n dinh ma phai c6 diéu kién 6n dinh, ngudi ta goi 1a 6n dinh
tinh hay su lam viéc phu hop gitta dong co véi tai.

Pé x4c dinh diém lam viéc, dua vao phuong trinh dong hoc:

d oM oM
J—= (—j — s (0-,) (1-20)
dt om ), oo ),
Ngudi ta xdc dinh dugc diéu kién x4c 1ap 6n dinh 1a:
M oM
(a—) —( °j <0 (1-21)
0w ), o /.
Hay: B-B. <0 (1-22)
* Vi dy: Xét hai diém giao nhau ctia cdc dic tinh co:
)
A
TN oM

ﬁjﬁ
Al

/ L o(Mp)
B

C

Hinh I- 7: Xét diém lam viéc on dinh
Trang 15
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Tai céc diém khao sat thi ta thay ba diém A, B, C 1a c4c diém
lam viéc xdc 1ap 6n dinh. Diém D Ia diém lam viéc khong 6n dinh.

Trudng hop: A: B <. viB<0vap,=0—> xdc lap 6n dinh.
B: B> B.viB>0vap,=0— khong 6n dinh.
§ 1.8. PONG HOC CUA HE TPP TP

Trong hé TDD TD ¢6 ca cac thiét bi dién + co, trong d6 cac bo
phan co ¢6 nhiém vu chuyén co nang tir dong co dén bo phan lam viéc
clia may san xudt va tai d6 co nang dugc bién thanh cong huu ich.

Pong co dién c6 ca phan dién (stato) va phan co (roto va truc).

_ I BD PC TL e| MSX
Phdn dién bK Phdn co

Hinh 1- 8: So do cdu triic hé TODD TD

Phan co phu thudc vao két cau, vat liéu va loai may, ching rat
da dang va phtc tap, boi vay phai dua vé dang dién hinh dic trung cho
céc loai, phan co ¢6 dang téng quat dic trung d6 goi 1a miu co hoc
cta truyén dong dién.

Maiu co hoc (don khoi) 1a mot vat thé rin quay xung quanh mot
truc véi téc do dong co, ndé ¢c6 mémen qudn tinh J, chiu tic dong cla
momen dong co (M) va momen can (M,), hinh 9.

® M

w
AA— J Hinh 1- 9: Mdu co hoc

i M

C
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Tinh dan héi 16n cling c6 thé xuét hién ¢ nhitng hé thong c6 mach
dong hoc dai mic du trong d6 khong chita mot phan tir dan hoi nao.
Su bién dang trén tiing phan tir tuy nho nhung vi s6 phan ti rat 16n nén
d6i vé6i toan may nd tré nén dang ké.

Trong nhiing trudng hop trén phan co khi ctia hé khong thé thay
thé€ tuong duong biang mau co hoc don khéi ma phai thay thé bang
mau co hoc da khoi, hinh 9b.

\MD 1 () 7 M¢ Khdu
M,, [ F, dan hoi F,
}Jl | — le < m """ —m, —
Khdu —> <
4 dan hoi \ i Fa, Fan
Pong co May sdn xudt
a) b)
M Ja

Je M¢
T (D\ ] x @7 c)

Hinh 1- 10: Mdu co hoc da khoi cia hé chuyén dong quay (a),
chuyén dong tinh tién (b) ¢6 khdu co khi dan hoi,
va hé truc mém dan hoi (c).

Néu quy déi moémen va momen quan tinh vé mot truc toc do nao
dé6 (dong co hoac may san xuat) thi trong phan 16n cac trudong hop hé
truyén dong c6 khau dan héi phan co ciia né c6 thé thay tuong duong
bdi mau co hoc da khoi gom 3 khau: khau 1 gom roto hodc phan tng
ctia dong co véi nhitng phan tir ndi cing v6i dong co nhu hop toc do,
trong toi v.v...; khau 2 1a khau dan hoéi khong quéan tinh; khau 3 1a
khau co cua mdy san xudt; nhu hinh 1- 9b. Trong d6 M, la mémen
dan hoi.
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CAU HOI ON TAP

1. Chiic nang va nhiém vu clia hé thong truyén dong dién 1a gi ?

2. C6 may loai may san xuit va co ciu cong tac ?

3. Hé thong truyén dong dién gém cdc phan tir va cac khau nao ?
Lay vi du minh hoa 6 mdt mdy san xudt ma céac anh (chi) da biét ?

4. Momen can hinh thanh tir dau ? Pon vi do luong clia n6 ? Cong
thitc quy déi momen can tir truc clia co cau cong tac vé truc dong co ?

5. Momen quan tinh 1a gi ? Pon vi do luong ctia n6 ? Cong thic
tinh quy d6i momen quén tinh tir t6c do o; nao d6 vé toc do cua truc
dong co o ?

6. Thé nao 12 momen can thé nang? Pic diém cia né thé hién
trén do thi theo t6c do ? Lay vi du mot co cdu ¢c6 momen can thé nang.

7. Thé€ nao 1a momen can phan khang? Lay vi du mot co ciu c6
momen can phan khang.

8. Dinh nghia dic tinh co clia mdy san xuat. Phuong trinh téng
quat cua né va giai tich cac dai lugng trong phuong trinh ?

9. Hay v€ dac tinh co clia cic mdy san xudt sau: mdy tién; can
truc, mdy bao, may bom.

10. Viét phuong trinh chuyén dong cho hé truyén dong dién cé
phan co dang mau co hoc don khai va giai thich cac dai lugng trong
phuong trinh ?

11. Dung phuong trinh chuyén dong dé phan tich céc trang théi
lam viéc cua hé thong truyén dong tuong dng vGi dau cla cdc dai
lugng M va M_ ?

12. Pinh nghia dac tinh co cta dong co dién ?

13. Dinh nghia do ciing dic tinh co ? C6 thé x4 dinh do cling dic
tinh co theo nhitng cdch nao ?

Trang 18
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14. Phan biét cac trang thai dong co va cac trang thdi him cua
dong co dién bang nhitng dau hiéu nao ? Lay vi du thuc t€ vé trang
thai hadm ctia dong co trén mot co cdu ma anh (chi) da biét ?

15. Chiéu cua dong nang luogng s& nhu thé nao khi dong co lam
viéc & trang thai dong co ?

16. Chiéu cua dong nang luong s& nhu thé nao khi dong co lam
viéc & trang thai may phat ?

17. Diéu kién 6n dinh finh 1a gi ? Phan tich mot diém lam viéc
x4c lap 6n dinh tinh trén toa do [M, o] va [M,, o].

18. Mau co hoc don khai 1a gi ? Khi nao thi ding méu co hoc don
khoi dé khdo sit hé thong truyén dong dién ?

19. Mau co hoc da khai 1a gi ? Khi nao thi dung mau co hoc da
khoi dé khao sat hé thong truyén dong dién ?
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CHUONG 2:

PAC TINH CO CUA PONG CO PIEN
§ 2.1. KHAI NIEM CHUNG

Chuong 1 da cho ta thay, khi dat hai dudong déc tinh co M(w) va
M.(®) 1én cting mot hé truc toa do, ta c6 thé xdc dinh dugc trang thai
lamg viéc cua dong co va cia hé (xem hinh 1-2 va hinh 1-3): trang
thdi xédc lap khi M = M, tng vé6i giao diém cua hai dudng dic tinh
M(w) va M (w); hoac trang thai qua do khi M # M, tai nhitng ving c6
® # ® ; trang thai dong co thudc géc phan tu thit nhat va thi ba; hoac
trang thai ham thudc géc phan tu thi hai va thi tu.

Khi phan tich cac hé truyén dong, ta thudng coi mdy san xuat da
cho trudc, nghia la coi nhu biét truée dac tinh co M (®) cta né. Vay
muodn tim ki€ém mot trang thai lam viéc v6i nhitng thong s6 yéu ciu
nhu t6c do, momen, dong dién dong co v... ta phai tao ra nhiing dac
tinh co cta dong co tuong tng. Muon vay, ta phai ta phai nim viing
cac phuong trinh dac tinh co va cac dac tinh co cta cac loai dong co
dién, tir d6 hiéu dugc cdc phuong phap tao ra cdc dic tinh co nhan tao
phll hgp v6i méy san xuét da cho va diéu khién dong co sao cho ¢6
duoc cac trang thai lam viéc theo yéu cau cong nghé.

Mobi dong co ¢6 mot dic tinh co tu nhién xdc dinh boi cic s
lieu dinh mtc ctia n6. Trong nhiéu trudng hop ta coi dic tinh nay nhu
loat so liéu cho truéc. Mat khic né c6 thé cé vo sd dic tinh co nhan
tao c6 duoc do bién déi mot hodc vai thong s6 clia ngudn, clia mach
dién dong co, hoic do thay déi cdch noi day ctia mach, hoic do dung
thém thiét bi bi€n d6i. Do d6 bat ky thong s6 ndo c6 anh hudng dén
hinh déng va vi tri cia dic tinh co, déu duogc coi 1a thong s6 difu
khién dong co, va tuong ting 14 mot phuong phdp tao dic tinh co nhan
tao hay dic tinh diéu chinh.

Phuong trinh dic tinh co clia dong co dién c6 thé viét theo dang
thuan M = f(®) hay dang nguoc o = f{(M).
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§ 2.2. PAC TINH CG CUA PONG CO MOT CHIEU
KICH TU POC LAP (PM,,)
2.2.1. So do noi day cua PM,, va PM_:

Dong co dién mot chiéu kich tir doc 1lap (PM,): nguén mot
chiéu cap cho phan ting va cap cho kich tir doc 1ap nhau.

Khi nguén mot chiéu cé cong suat vo cung 16n va dién 4p khong
d6i thi c6 thé mac kich tir song song vdi phan tng, lic d6 dong co
dugc goi 1a dong co dién mot chiéu kich tir song song (DM,)).

te U, - P U

&
ktf
b R, g N
FO= Lo
I,

a) b)
Hinh 2-1: a) So do ndi ddy dong co dién mot chiéu kich tix doc ldp.

b) So do noi day dong co dién mor chiéu kich tir song song.

2.2.2. Cac thong s6 co ban cua PM,,;:
Cac thong s6 dinh miic:
n,,,(vong/phiit); o,,(Rad/sec); My,,(N.m hay KG.m); ®, (Wb);
fam(HZ); Par(KW); Uy (V)5 1gin(A); ..
Cac thong so tinh theo cac hé don vi khac:
O = 0/0g,; M =M/M,,; I =1/, ® =0/, R =R/Ry,;
R = Ugn/Igms
0%; M%:; 1%; ...
Trang 21
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2.2.3. Phuong trinh dac tinh co - dién va dac tinh co caia PM,;:

Theo so d6 hinh 2-1a va hinh 2-1b, c6 thé viét phuong trinh can
béang dién dp ctia mach phan ing nhu sau:

U,=E+ R, +R).I, 2-1)
Trong do:

U, la dién ap phan tng dong co, (V)

E la stic dién dong phan ting dong co (V).

E=PN 4 0=Ké o (2-2)
2ma

N e e
K= Sl 1a hé s6 két cau cua dong co.

2ma
Hoac: E=K.p.n (2-3)
Va: o= 2ﬂ L
60 9,55

K
Vay: K,=——=0,105K
9,55

R, 1a dién tr&d mach phan tng, R, =1, + 1 + Iy + Iy , (Q).

tx 2
Trong do: r, 1a dién tré cudn day phan tng ctia dong co (Q).
R, 12 dién tr6 cudn day cuc tir phu cua dong co (QQ).
R, 12 dién tré cudn day cuc tir bu cua dong co (Q).
R, 12 dién trd ti€p xtc giita chdi than vé6i co gop clia
dong co (Q).
R, 1a dién trd phu mach phan tng.
I, 12 dong dién phan tng.
Tix (2-1) va (2-2) ta c6:
Trang 22
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U, R, +R,
=t (2-4)
K¢ Ko

Day 1a phuong trinh ddc tinh co - dién cia dong co mot chiéu
kich tir doc lap.
Mat khac, momen dién tir ciia dong co dugc xac dinh:
M, = Ko¢I, (2-5)
Khi bd qua t6n thit ma sét trong 6 truc, ton that co, ton that thép
thi ¢6 thé coi: M~ M, ~M
M M
Suyra: I,= —%~— (2-6)
K¢ K¢
Thay gia tri I, vao (2-4), ta c6:
U, R, +R,, U, R,
— u o u 2ut M — u o uZz M (2_7)
K¢ (Ko) K¢ (Ko)

Day 1a phuong trinh ddc tinh co cta dong co dién mot chiéu
kich tur doc lap.

C6 thé bi€u dién dac tinh co du6i dang khac:
=0 - A® (2-8)

U ’ 7. 2
Trong d6: ®, = K—(‘I‘) goi 1a toc do khong tdi 1y tuong. (2-9)

R, +R, R

uz 13 A A A

= goi la do sut toc do. (2-10)

(Ko)*  (K¢)’
Tt cac phuong trinh dac tinh co dién (2-4) va phuong trinh dac

tinh co (2-8) trén, vGi gia thiét phan tng dugc bu da va ¢ = const thi

ta c6 thé vé dugc cic ddc tinh co - dién (hinh 2-2a) va ddc tinh co

(hinh 2-2b) 12 nhitng dudong thang.
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Hinh 2-2: a) Pdc tinh co - dién dong co mot chiéu kich tix doc ldp.
b) Ddc tinh co dong co dién mot chiéu kich tix doc ldp.

Pdc tinh co tu nhién (TN) la dac tinh co ¢6 cac tham s6 dinh
muc va khong ¢6 dién trd phu trong mach phan tng dong co:
U R
o= —-—n_M (2-11)
I<(I)dm (K(I)dm )

Dic tinh co nhan tao (NT) 1a dac tinh co c6 mdt trong cdc tham
s0 khac dinh miic hoac ¢6 dién trd phu trong mach phan tng dong co.

udm

Khi ® =0, ta c6:

I, Y I (2-12)
R, +R,
Va: M—L-Kq)—l K¢=M (2-13)
* Ru+Ru.f nm nm

Trong d6: I - goi la dong dién (phdn ting) ngdn mach
M,,, - goi 1a momen ngdn mach
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Tur (2-7) ta x4c dinh duogc do cung ddc tinh co :

dM (K¢)’
= =- 2-14
P do R,+R, 19

Doi vé6i dac tinh co tu nhién:

By = _ (Ko, )" (2-15)

va B, =- (2-16)

Néu chua c6 gia tri R, thi ta ¢6 thé x4c dinh gan ding dua vao
gid thiét coi t6n that trén dién trd phin tng do dong dién dinh mic
gay ra bang mot nira tén that trong dong co:

R, =05.(1-n,) [dem ,Q (2-17)

dm

*Vidu 2-1:

Xay dung dac tinh co tu nhién va nhan tao cia dong co dién mot
chiéu kich tir doc 1ap c6 céc s6 liéu sau:

bong co lam viéc dai han, cong suat dinh muic 1la 6,6KW; dién
ap dinh muc: 220V; téc do dinh muc: 2200vong/phit; dién trd mach
phén tng gdm dién trd cudn day phan tng va cuc tir phu: 0,26Q; dién
trd phu dua vao mach phén tng: 1,26Q.

* Giai:

a) Xdy dung ddc tinh co tu nhién:

Dic tinh co ty nhién c6 thé vé& qua 2 diém: 1a diém dinh mic
M,,; ®,,] va diém khong tai 1y tudng [M = 0; ® = o,]. Hodc diém
khong tai 1y tudng [M = 0; o = ,] va diém ngan mach [M,_; o = 0].
Hoic diém dinh muc [M,,; o,,] va diém ngan mach [M,_; o = 0].
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Toc do goc dinh midc:

o, =R 2200 530 3 adss
9,55 9,55

Momen (co) dinh muc:

P,..1000 _ 6,6.1000
®,, 230,3

dm

=28,6 Nm

Nhu vay ta c6 diém thit nhat trén déc tinh co tu nhién cin tim 1a
diém dinh muc: [28,6 ; 230,3].
Tu phuong trinh dac tinh co tu nhién ta tinh dugc:

Ko, = Ui —Lin Ry _ 220-35.0,26

=091 Wb
©,, 230,3
Toc do khong tai 1y tudng:
_ Y = 220 ~ 241,7 rad/s

®, =—"
K¢, 0,91
Ta c6 diém thit hai cua dac tinh [0; 241,7] va nhu vay ta c6 thé
dung dugc duong dac tinh co tu nhién nhu duong O trén hinh 2 - 3.
Ta c6 thé tinh thém diém thit ba 12 diém ngan mach [M,,; O]

M_=K¢I_ = Kq)-% =0,91-§ﬂ =770 Nm

Vay ta c6 toa do diém thit ba clia dic tinh co tu nhién [770; 0].

Do ciing cuia dic tinh co tu nhién ¢ thé xdc dinh theo biéu thiic
(2-15) hoac xac dinh theo s0 liéu lay trén duong dac tinh hinh 2-3.

g [~IM_AM _0-M,, _ 286

= = = =2,5Nm.s
do Ao o,-o0, 241,7-230,3
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b) Xay dung ddc tinh co nhdn tao cé Rz = 0,784

Khi thay déi dién trd phu trén mach phan tng thi toc do khong
tai ly twdng khong thay doi, nén ta c6 thé vé dic tinh co nhan tao (c6
R, = 0,78Q) qua cédc diém khong tai Iy tudng [0; w,] va diém tuong
ung vai téc do nhan tao [M,,; ®,]:

A o (rad/s)
2417
230,31 [ /O
183,30 J LI~ o
>
0 28,6 M (Nm)

Hinh 2 - 3: Ddc tinh co tu nhién va ddc tinh co nhdn tao
Ta tinh dugc gia tri mémen (co) dinh muc:

P,..1000  6,6.1000

- = o, 2303 =28,66 Nm
Va tinh t6¢c do goc nhan tao:
_ Udm — (Ru + Ru’f)'ldm
" K9y,
_ 220 - (0,5;-1% 1,26).35 — 1833 rads

Ta c6 toa do diém tuong ung vé6i toc do nhan tao [28,66; 183,3]

Vay ta ¢6 thé dung dugc dudng dic tinh co nhan tao c6 dién trd
phu trong mach phan tng nhu dudng @ trén hinh 2 - 3.
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2.2.4. Pac tinh co khi khoi dong DM, va
tinh dién tro khoi dong:

2.2.4.1. Khoi dong va xdy dung ddc tinh co khi khoi dong:

+ Néu khoi dong dong co DM, biang phuong phdp doéng truc
ti€p thi dong khoi dong ban dau rat 16n: I, = U, /R, = (10 = 20)1,,,
nhu vay né c6 thé dot néng dong co, hodc 1am cho su chuyén mach
kho khan, hoac sinh ra luc dién dong 16n 1am pha huy qua trinh co hoc
ciia may.

+ Dé dam bdo an toan cho mdy, thudng chon:

Ligoa = Lim < Icp =251y, (2-

18) nm —

+ Muoén thé€, nguoi ta thuong dua thém dién tré phu vao mach
phan tng ngay khi bat dau khoi dong, va sau do6 thi loai dan chiing ra
dé dua to6c do dong co lén xdc lap.

§]
D=1, = — — =225, <I_; (2-19)
kdbd Ru~ N Ruf d P

* Xdy dung cdc ddc tinh co - dién khi khoi dong DM

- Tr cac thong s6 dinh muc (Py,; Ugs Loy Dams Nams ---) Va thong
so tai (I; M,; P; ...), sO cap khoi dong m, ta v€ dac tinh co tu nhién.

- Xéc dinh dong dién khéi dong 16n nhat: 7, = 1, = (22,5)1,,

- Xéc dinh dong dién khoi dong nho nhat: /1, = 1, = (1,1+1,3)I.

- Tur diém a(l ;) k& dudng aw, né s& cit I, = const tai b; tit b k&
duong song song véi truc hoanh né cét I, = const tai ¢; ndi cw, né s&
cat I, = const tai d; tir d k& dudng song song vdi truc hoanh thi né cat
I, = consttaie; ...

Ctt nhu vay cho dén khi né gap duong dac tinh co tu nhién tai

diém giao nhau ctia dac tinh co TN va I, = const, ta s& ¢ dic tinh khoi
dong abcde.. XL.
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Néu diém cudi ciing gap dic tinh TN ma khong trung véi giao
diém cta dac tinh co TN va I, = const thi ta phai chon lai I, hoac I, r6i
tién hanh lai tir dau.

ge— U, 5
Ckt I:thtf
W —
L,
K, K,
T
RCas
I, R, Ry I,
a)

Hinh 2-3: a) So do néi day DM, khdi dong 2 cdp, m = 2
b) Cdc ddc tinh khoi dong PM ,, m = 2.
2.2.4.2. Tinh dién troé khoi dong:
a) Phuong phap do thi:

Dua vao biéu thic ctia do sut t6¢c do Ao trén cac dic tinh co ting
v6i mot gia tri dong dién (vi du I,) ta cé:

R R +R_
Aoy =—"-1; Ao, = s = L; (2-20)
K¢ K¢
Ritra: R, =20 “A0m p 2-21)
ACOTN

Qua do6 thi ta c6:

ufl — ha = he Ru’ ZERu;
he he

Tuong tu nhu vay:

R
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hc —he ce
Rufz = Ru = _Ru;
he he

Dién trd téng tng véi méi dic tinh co:
R, =R, + Ry, =R, + (R, + Ry))
R, =R, + Ry =R, + (Ry,)

b) Phuong phdp gidi tich:

Gia thi€t dong co dugc khai dong v6i m cdp dién tré phu. Dac
tinh khoi dong dau tién va doc nhat 1a duong 1 (hinh 2-3b), sau d6 dén
cdp 2, cdp 3, ... cdp m, cudi ciing la dac tinh co tu nhién::

Dién trd tong tng véi moi dic tinh co:
R =R, +Ry;) =R, + (R, + Ry + ... + Ry )
R, =R, + Ry =R, + (R + Ry + oo + Ry 1)

R =R+ Ryt + Ripi)
R,=R,+ Ry,)
Tai diém b trén hinh 2-3b ta co6:

U, —E
[, =—m (2-22)
2 }‘{1
Tai diém c trén hinh 2-3b ta c6:
| _UEs 023
RZ
Trong qua trinh khéi dong, ta 1ay:
I
=\ = const (2-24)

=
12
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Vay: p=b R R L R Ry (2-25)
IZ R2 3 Rm Ru"

(2-26)
R, =AR, = A™'R,
R, =AR, = A"R,

+ Néu cho trudc s6 cép dién tré khoi dong m va R,, R, thi ta tinh
duoc boi s6 dong dién khi khoi dong:

7\, = Rl = m Udm = m+]] Udm (2-27)
R, \R,I R,

u

Trong d6: R, = U, /1; 16i thay tiép I, = AL,
+ Néu biét A, R, R, ta xac dinh dugc s6 cip dién trd khoi dong:
m = ER/R,) (2-28)
IgA
* Tri s6 cac cap khoi dong duoc tinh nhu sau:
R, =R, —-R,=(A-1R,
R, .=R,.,—R, =AMA-1)R,
(2-29)
R,.,=R,-R,=A"?*(A-1R,
R, =R, -R,=A""(A-1DR,
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* Vidu 2-2:

Cho dong co kich tir song song c6 cac so liéu sau: P, = 25KW;
U, = 220V; n,, = 420vg/ph; 1, = 120A; R, = 0,08. Khéi dong hai
cip dién trd phu véi tan suat 11an/1ca, lam viéc ba ca, momen can quy
ddi vé truc dong co (ca trong thoi gian khoi dong) M, ~ 410Nm. Hay
xdac dinh cac cép dién trd phu.

Trudc hét ta xac dinh cédc s6 liéu céan thiét ctia dong co:

bién tré dinh muc: R, = Uy, /1, = 220V/120A = 1,83Q.
Dién tré phan ting: R, =R, .R,,, = 0,08.1,83 = 0,146Q.

Toc do goc dinh muc: o,, =ngy,/ 9,55 =420/ 9,55 = 44 rad/s.
Tir thong cua dong co va hé so két cau clia no:

U, —R, I, 220-0,146.120
44

Ké,, = =4,6 Wb

Q)

dm
Dong dién phu tai: I, = M /Kd,,, = 410/4,6 = 89A ~ 0,741,,.

Véi tan suat khoi dong it, dong dién va momen phu tai nho hon
dinh muc, nén ta coi truong hop nay thudc loai khoi dong binh thuong
v6i s6 cap khoi dong cho truéc m = 2, dung biéu thic (2-27), chon
trude gid tri L;:

L=1,11=1189A=98 A
Ta tinh duoc boi s6 dong dién khoi dong:

7\’ = m+l Udm = 2+]| 220 ~ 2,5
R.IL 1014698

Kiém nghiém lai gid tri dong dién 1;:

I, =ML =2,598A = 245A ~ 21,
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Gid tri dong khdi dong thap hon gia tri cho phép, nghia la so
liéu da tinh 1a hop ly.

;% Uu _— ;r
Ckt I:thtf
> W —
L
K, K,
[T
TROSE
I“ Rufz Rufl
a)

Hinh 2-4: a) So do néi day DM, khdi dong 2 cdp, m = 2
b) Cdc ddc tinh khoi dong PM ,, m = 2:
Duong 1 c6: R, =R, + Ry + Ry
Duong2 c6: R, =R, + R,
Puong TN co: R; =R,

Theo (2-26) ta xdc dinh duoc cdc cép dién trd téng véi hai
duong dac tinh nhan tao:

R, = AR, =2,5.0,146 = 0,365 Q
R,=2AR,;=2,5.0,365=0,912 Q
Va céc dién trd phu cua cac cap sé la:
R, =R, -R,
=0,365-0,146 =0,219 Q
R,,=R,-R, - R,
=0,912-0,219 - 0,146 = 0,547 Q
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2.2.5. Cac dac tinh co khi ham DM,

Héam la trang thdi ma dong co sinh ra mémen quay ngugc chiéu
vGi téc do, hay con goi 1a ch€ do may phat. Pong co dién mot chiéu
kich tlr doc 1ap c6 ba trang thai ham:

2.2.5.1. Ham tdi sinh:

Ham tai sinh khi toc do quay cua dong co 16n hon téc do khong
tai 1y tudng (o > ®,). Khi ham tai sinh, stc dién dong clia dong co 16n
hon dién dp nguon: E > U, dong co lam viéc nhu mot mdy phat song
song VvGi ludi va tra nang lugng vé nguodn, ldc nay thi dong him va
momen him da déi chiéu so véi ché do dong co.

Khi ham t4i sinh:

_U,-E, Koo, -Kon <

R R (2-30)

M, =K¢I, <0

Ih

* Mt so trang thdi ham tdi sinh:

+ Ham tdi sinh khi @ > ®,: ldc nay mdy san xudt nhu 1a nguén
dong luc quay roto dong co, lam cho dong co trd thanh may phat, phat
nang luong tra vé nguon.

I&< 0

Ham ti sinh (HTS),

4i mdy phét ® o M
Trang thdi mdy phét $ ; $ ! Irang thi dong co
M

h

Mh 0 M

Hinh 2- 5a: Ham tdi sinh khi c6 dong luc quay dong co.
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Vi E > U, do d6 dong dién phan tng sé thay d6i chiéu so véi
trang thai dong co :
U,-E
I,=1 = I‘I{ <0 ; M,=Ko¢I, <0 ;

ux

Momen dong co déi chiéu (M < 0) va trd nén nguoc chiéu véi
toc do, trd thanh momen ham (M,).

+ Ham tdi sinh khi giam dién dp phan vung (U, < U,,), lic nay
M, la dang momen thé€ nang (M, = M,,). Khi giam dién dp nguén dot
ngot, nghia 1a toc do o, giam dot ngot trong khi toc do ® chua kip
giam, do d6 lam cho t6c¢ do trén truc dong co 16n hon tdc do khong tai
1y tudng (o > ®,,). V& mat nang luong, do dong nang tich luy & téc do
cao 16n s€ tudn vao truc dong co lam cho dong co tré thanh may phat,
phat nang lugng tra lai nguén (hay con goi 1a ham tdi sinh), hinh 2-5b.

My 0 M

Hinh 2- 5b: Ham tdi sinh khi giam toc do bang cach giam
dién dp phan iing dong co (U, < U,).

+ Ham tdi sinh khi ddo chiéu dién dp phdan ing (+U, = - U,):
lic nay M, 1a dang momen thé nang (M, = M,,). Khi dao chiéu dién ap
phan tng, nghia la dao chiéu téc do + ®, = - ®,, dong co s& dan
chuyén sang dudong diac tinh c6 -U, va s& lam viéc tai diém B
(‘coB |> |- ®, | ). V& mit nang luong, do thé€ nang tich luy & trén cao
16n s& tudn vao dong co, lam cho dong co trg thanh may phat, phat
nang lugng tra lai nguoén, hinh 2-5c.
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Trong thuc t&€, co cau nang ha cla céu truc, thang may, thi khi
nang tai, dong co truyén dong thuong lam viéc & ch€ do dong co
(diém A hinh 2-5c¢), va khi ha tai thi dong co 1am viéc & ché do mdy
phét (diém B hinh 2-5c¢).

Hinh 2- 5¢: Ham tdi sinh khi ddo chiéu
dién dp phan ving dong co (+U, = -U,).

2.2.5.2. Ham nguoc:

Ham ngugc 1a khi momen hdm cuia dong co nguoc chiéu véi toc
do quay (M T o). Him nguoc c6 hai truong hop:

a) Pua dién tré phu lon vao mach phan ting:

Dong co dang 1am viéc & diém A, ta dua thém R 16n vao mach
phén ting thi dong co s& chuyén sang diém B, D va lam viéc 6n dinh &
diém E (w,, = oy vd 0, N o,) trén dic tinh co c6 them R, 16n, va
doan DE la doan ham nguoc, dong co lam viéc nhu mot may phat noi
ti€p vai ludi dién, lic nay suc dién dong cua dong co dao diu nén:
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I - U,+E, _ U, +Kow
! Ru +Ruf Ru +Ruf (2'31)
M, =Kd¢l,
~~—
+ U -
;r%— > [~ 4
Ckt EERM
Iy,
e )
Mod
a) b)

Hinh 2-6a: a) So do ham ngugc bang cdch thém R,
b) Ddc tinh co khi ham nguoc bang thém R,,.

Tai thoi diém chuyén d6i mach dién thi momen dong co nho
hon moémen can (Mg < M,) nén téc do dong co giam dan. Khi o = 0,
dong co & ché do ngan mach (diém D trén dic tinh c¢6 R,; ) nhung
momen cua nd van nho hon momen can: M, , < M_; Do d6 mémen can
cua tai trong s€ kéo truc dong co quay nguogc va tai trong s€ ha xuong,
(® < 0, doan DE trén hinh 2-6a). Tai diém E, dong co quay theo chiéu
ha tai trong, trudng hop nay su chuyén dong cir hé duoc thuc hién nho
thé nang cua tai.

b) Ham nguoc bang cdch ddo chiéu dién ap phdn iing:

Pong co dang 1am viéc & diém A, ta doi chiéu dién 4p phan ting
(vi dong déo chiéu 16n nén phai thém dién trd phu vao dé han ché) thi:
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Pong co s& chuyén sang diém B, C va s& lam viéc xdc lap 6 D
néu phu tai ma sat. Poan BC la doan ham nguoc, lic nay dong ham va
momen ham cua dong co:

:_Uu_Eu __UU+K¢0)<O

" R,+R,  R,+R, (2-32)
M, =Kol <0
Phuong trinh dac tinh co:
_—Us R R;‘f M (2-33)
Ko (K¢)
()] U I

+ -
e v ——r ], &k

a)
Hinh 2-6b: a) So doé ham nguoc bang cach ddo chiéu U,
b) Ddc tinh co khi ham nguoc bang cach ddo U,

2.2.5.3. Ham dong ndng: (cho U,=0)

a) Ham déong nang kich tir doc ldp:

Pong co dang lam viéc véi ludi dién (diém A), thuc hién cét
phan ung dong co ra khoi ludi dién va déng vao mot dién tré ham R,
do dong nang tich luy trong dong co, cho nén dong co van quay va né
lam viéc nhu mot mdy phat bién co nang thanh nhiét nang trén dién
tré ham va dién trd phan tng.
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Phuong trinh dac tinh co khi ham dong nang:

—R“L%h M (2-34)
(K9)

Tai thoi diém ham ban dau, toc do ham ban dau 13 ®,, nén stc
dién dong ban diu, dong ham ban dau va momen ham ban dau:

= K(I)(th

E

E K
Ihd - _ hd — ¢0)hd < O (2_35)
R, +R, R, +R,

M,, =K¢l,, <0

hd

+ U -
g<— S

~N
B, BI\O)MK A@fu

Ckt Ryt : 3
wkl—%i PN Ry

L, HDN Ry, H
] My, Myg; 0 ‘M, M
- L Y AN G
(’Of)dl .............. : C]
a) b)

Hinh 2-7a: a) So do ham dong ndang kich tir doc ldp.
b) Ddc tinh co khi ham dong ndng kich tw doc ldp.

Trén d6 thi dac tinh co hdm dong nang ta thiy rdng néu mémen
can la phan khang thi dong co s€ dimg han (cac doan B,0 hoac B,0),
con néu momen can la th€ nang thi dudi tdc dung cua tai s€ kéo dong
co quay theo chiéu nguoc lai (@, hodc m,,).
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b) Ham dong nang tw kich ti :

DPong co dang 1am viéc véi ludi dién (diém A), thuc hién cat ca
phan tng va kich tir cia dong co ra khoi luéi dién va déng vao mot
dién tré ham R,, do dong nang tich luy trong dong co, cho nén dong
co van quay va né lam viéc nhu mot mdy phat tu kich bién co nang
thanh nhiét nang trén cac dién trd.

Phuong trinh dac tinh co khi ham dong nang tu kich tur:

R, TR, +R,

®=- M (2-36)
(Ko)

+ U -
g <—— —

a)

Hinh 2-7b: a) So do ham dong ndng tu kich tir.
b) Ddc tinh co khi ham dong ndng tu kich tu .

Trén d6 thi dac tinh co hdm dong nang tu kich tir ta thdy ring
trong qua trinh ham, t6c do giam dan va dong kich tir cling giam dan,
do d6 tir thong cta dong co cling giam dan va 1a ham cla toc do, vi
vay cac dac tinh co khi ham dong nang tu kich tr giong nhu dac tinh
khong tai ctia may phat tu kich tir.

So v6i phuong phdap ham nguge, ham dong nang c¢6 hiéu qua hon
khi c6 cung toc do ham ban diu, nhat 1a ton it nang lugng hon.
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2.2.6. Cac dac tinh co khi dao chiéu PM,;:

Gia st dong co dang 1am viéc & diém A theo chiéu quay thuan
trén dac tinh co tu nhién thuan véi tai M
U R
® = udm _ udm . M (2_37)
Kogm (Kdgp)

V6i M =M, thi ® = ®, = Oy,

Muoén dao chiéu dong co, ta c6 thé dao chiéu dién ap phan ting
hodc dao chiéu tir thong kich tir dong co. Thuong dao chiéu dong co
bang cdch dao chiéu dién dp phan tng. Khi ddo chiéu dién dp phan
tng thi ®, dao dau, con Ao thi khong dao dau, dac tinh co khi quay
ngugc chiéu:

=9 Ry tRy (2-38)
- 2
KoL)  [Kod,)]
+ ; N Mo
ge— U, — 5 ~a ®
th Rktf
L,
Rit
I L]
a)

Hinh 2-8: a) So dé ham nguoc bang cdch ddo U,
b) Ddc tinh co khi ham nguoc bang cdch ddo U,

bong co quay ngugc chiéu tuong ting v6i diém A’ trén dac tinh
co tu nhién bén nguoc, hodc trén déc tinh co nhan tao.
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* Vidu 2-3:

Pong co lam viéc dai han, cong suit dinh muc 1a 6,6KW; dién
ap dinh muc: 220V; té¢c do dinh muc: 2200vong/phit; dién tré mach
phan dng gom dién tré cudn day phan dng va cuc tir phu: 0,26Q;
Tru6c khi ham dong co lam ¢ diém dinh mic AM = M, , © = 0,,);
Hay xac dinh tri s6 dién tr&d him d4du vao mach phan tng dong co dé
ham dong nang kich tir doc 1ap v6i yéu cau momen ham 16n nhat
M, nax = 2M,,,. St dung so d6 ham dong nang kich tir doc lap nhu
trong hinh 2-9a.

* Giai:

Str dung so d6 ham dong nang kich tir doc 1ap hinh 2-9a khi d6
dam bdo tir thong dong co trong quéa trinh ham 13 khong d6i: ¢ = ¢,

+ U -
g<— —_—

Ckt p&“f

b)

Hinh 2-9: a) So dé ham dong ndng kich tir doc ldp.
b) Ddc tinh co khi ham dong ndng kich tw doc ldp.

Pac tinh co cua dong co trudc khi ham la dac tinh co tu nhién,
va khi chuyén sang dic tinh co hdm dong nang kich tir doc lap (doan
BO trén hinh 2-9b).
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Piém lam viéc trudc khi ham 1a di€ém dinh miic A, cé:
I, =1, = 35A, twong tmg moémen dinh muc My,,;
O, = Oy, = 230,3rad/s (xem vi du 2-1)
Stic dién dong cua dong co trude khi ham sé la:
E,.=E.=U,, - [.R,
E,;=220-35.0,26 =210,9V

Tur hinh 2-9b ta thay, momen (va dong dién) ham 16n nhat s€ c6
duoc tai thoi diém ban diu cta qué trinh him, ngay khi chuyén déi
mach dién tir ché do dong co trén dac tinh co tu nhién sang mach dién
lam viéc ¢ ch€ do ham dong nang kich tir doc lap (diém B):

L max = Thpa
Hoac M i = My
Vi ¢ = ¢y, nén momen dong co ti 1é thuan véi dong dién dong
co khi ham, do d6 dé dam bao diéu kién M, ., = 2M,,, thi:
L e =21, =2.35=70A
bién trd téng trong mach phan ting dong co duoc xéc dinh theo
(2-34):

h.max

_[Koo|_ Koo, |_|
® ‘ Iu ‘ Ih,bd ‘ ‘Ih.bd‘
L2096
70

Vay dién tré ham phai ddu vao phan tng dong co khi ham dong
nang kich tr doc lap sé la:

R,=R;z-R,
R, =3,01-0,26 =275 Q.
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§ 2.3. PAC TINH CO CUA PONG CO MOT CHIEU
KICH TU NOI TIEP (PM,,) VA HON HOP (PM,,)

2.3.1. So d6 noi day caa PM,, :

Dong co dién mot chiéu kich tir noi ti€p (PM,,): nguén mot
chiéu cép chung cho phan tng ndi ti€p véi kich ti.

O

Hinh 2-10: a) So do noi day PM,,
b) Ddc tinh tw hod cua PM ,,.
Tir so d6 nguyén 1y ta thdy dong kich tir chinh 1a dong phan ting,
nén tir thong ctia dong co phu thudc vao dong phan tng va phu tai cua
dong co.

Theo so d6 hinh 2-10a, c6 thé viét phuong trinh can béng dién
ap ctia mach phan tng nhu sau:

U=E+R.L =koo +R.I, (2-39)
Trong d6: U la dién ap nguon, (V)
R=R,+R,+R (2-40)

Trong nay: R, 1a dién trd phan tng dong co.
R, 1a dién tr¢ cudn day kich tir

R, 1a dién tr& phu mac thém vao mach phén ting
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Tuong tu DM, tir cic phuong trinh trén ta rut ra:

o= E — ﬂl (2-41)
ko ko

o=o R+Ry (2-42)
ko (ko)

Twr thong ¢ phu thudc vao dong kich tur I, theo dac tinh tir hoa
nhu duong @ trén hinh 2-10b. D6 la quan hé gitta tir thong ¢ véi stic
tir dong kich tir F,, ctia dong co. ma: F,, = [,,.W,, . Khi cho dong kich
tlr bang dinh muc thi tir thong dong co sé dat dinh miic.

Dé don gian hod khi thanh lap phuong trinh dic tinh co PM, ,, ta
coi mach tir cia dong co 1a chua bao hoa, quan hé gitta tir thong véi
dong kich tur Ia tuyén tinh dudng @ trén hinh 2-10b:

¢=ClI, ; (C-hes6tile) (2-43)
Né&u bo qua phan ting phan tng, ta c6:
¢=Cl, =ClI, =ClI (2-44)

Két hop (2-44) véi (2-39) ta dugc phuong trinh dac tinh co dién
cia DM, :

Y R _4 B 2-45
®TrCI kC 1 (2-45)
U
Véi , = —— =const; = —— =const;
k.C
Mat khéc:
M =k.¢.I =k.C.I? (2-46)
Nén: I= £ (2-47)
én: “Vkc -
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Thay (2-47) vao (2-45) ta c6 phuong trinh déc tinh co PM, :

LoAWKC R A

M kC IM

B (2-48)

Trong do:
A, =A,.Jk.C =const.

Qua phuong trinh (2-45) va (2-48) ta thdy dac tinh co dién va
dac tinh co ctia DM, ¢6 dang hypecbol va rdt mém nhu hinh 2-11a, b
va toc do khong tai ly tudng bang vo cung. Thuc t€ khong cé toc do
khong tai 1y tudng doi véi dong co dién mot chiéu kich tir ndi ti€p.

Cac dac tinh co dién va dac tinh co ctia DM, :

O \\ TN Ogpn Q TN

N NT,, Ry

\kl \Md\m M

a) b)

Hinh 2-11: a) Ddc tinh co dién ciia DM,
b) Ddc tinh co ciia DM,

Nhu vay dac tinh co dién cua PM,, c6 dang duong hypebol va
rat mém. N6 ¢6 hai dudng tiém can (hinh 2-12a):
+ Khi I -0, @ — co: Tiém can truc tung.
+ Khi @ —-B, M — co: Tiém can duong o =-B=- (Rz)/K.C.
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Tuong tu, doi véi dac tinh co cia DM, cling ¢6 hai duong tiém
can (hinh 2-12b):

+ Khi M — 0, @ — co: Tiém can truc tung.

+ Khi @ —-B, M — co: Tiém can duong ® =-B=- (R3)/K.C.

Q) (Q)

Hinh 2-12: a) Tiém cdn cua ddc tinh co dién cua DM,
b) Tiém cdn cua ddc tinh co cua PM,,

Véi dac tinh co tu nhién thi R; = 0, nén ta c6 hai dudng tiém
can ung véi:

+ Khi M — 0, @ —» oo: Tiém can truc tung.

+ Khi @ — -B(tn), M — oo : dac tinh co s€ tiém can véi dudong
thing o =-B(nt) =- (R)/K.C.
2.3.2. Pac tinh van nang cua PM,;:

Cac phuong trinh (2-40) , (2-41) va cac dac tinh trén hinh 2-12
dugc rit ra véi gia thiét dac tinh tir hod ¢ = f(I) 1a dudng thang. Tuy
nhién, thuc t€ quan hé ¢ = f(I) 1a phi tuyén nén viéc viét phuong trinh

va v€ cac dac tinh co PM,, 1a rat kh6 khan. Vi viy cac nha ché tao
dong co thuong cho trude cac duong cong thuc nghiém:
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o =f(I") va M = f(I") khi khong c6 dién trd phu, va goi la dic
tinh van nang cia DM, nhu hinh 2-13.

w
/

24 |
2,0_
1,6
1,2
0.8
0.4

M = £(I)
o =f(I)

>

IIIIIIIIII*
0]0408121,62,02,428

Hinh 2-13: Cdc ddc tinh van ndang cua DM,

Cac dac tinh nay cho theo don vi tuong doi:

0 = 0/o,, ;
I* = I/Idm 5
M* = M/Mdm 5

Dung chung cho céac loai dong co trong day cong sudt cé cung
tieu chuén thiét k€.

Dai v6i dong co da cho, ta chi can 1ay gid tri oy, nhan vao truc
tung va 1ay I, nhan vao truc hoanh, ta s€ dugc dac tinh co dién tu
nhién o = f(I) chia dong co d6. Mat khdc, tir gid tri I tra theo dudng
M’ = f(I’) ta duogc gid tri M tuong tng. Nhan gid tri M" d6 v6i M,
ctia dong co da cho ta dugc M. Nhu vay, tir dac tinh co dién tu nhién
va duong dic tinh van nang M = f(I') ta s& dugc dac tinh co tu nhién
o = f(M). Nguoi ta c6 thé v& dic tinh co nhan tao (dung thém dién trd
phu trong mach phan tng) cua DM, khi sit dung cic dac tinh van
nang va dac tinh co tu nhién.
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2.3.3. Pac tinh co khi khoi dong DM, :

Tuong tuw PM,,, dé han ché dong khéi dong PM,, ngudi ta ciling
dua thém dién trd phu vao mach phan ting ngay khi bat dau khoi dong,
va sau do thi loai dan di dé dua toc do dong co 1én x4c lap.

U

= ——dm = (2:25), <I_  (2-49
R +R, ( Nins L, (2-49)

) S £
Ikdbd_Inm

a) Xdy dung cdc ddc tinh co khi khoi dong PM ,,:
So d6 nguyén 1y va dac tinh khoi dong trinh bay trén hinh 2-13:

w
+ - A {
g<—— Uy ———> & ‘
\A‘ L TN h
i e
® <
_II<|2—|—I|<1 0)2 \g 2 C
Ckt 1 >
A — N
L, L Rin Run a S
0 L, I, L
a) b)

Hinh 2-13: a) So do noi day DM, khoi dong 2 cap, m = 2

b) Cdc ddc tinh co khi khoi dong DM, m = 2.

Qua trinh xay dung dac tinh khoi dong theo cac budc sau:

1. Dua vao cac thong s6 cua dong co va dac tinh van nang, v€ ra
dac tinh co tu nhién.

2. Chon dong dién gi6i han I, < (2+2,5)I,, va tinh dién trd tong
ctia mach phan ung khi khéi dong R = U, /I, . Ta ké duong I, = const
no s& cat dic tinh tu nhién tai e.

3. Chon dong chuyén khi khoi dong 1, = (1,1+1,3)I, . Ké dudng
I, = const no s& cat dac tinh tu nhién tai f, va né ciing cat dac tinh
nhan tao d6c nhat (c6 R) tai b theo biéu thic:
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Udm - IZR

NT(b) — D1Ner) (2-50)
Udm - IZRu"

(Q)

Ké cic dudng ef va ab kéo dai, ching s& cit nhau tai A, tir A
dung ti€p cac duong dac tinh khoi dong tuyén tinh hoa thoa man cac
yéu ciu khoi dong va ta ¢6 duong khoi dong abcedefXL.

b) Tinh dién tro khoi dong:
Theo phuong phdp tuyén tinh hoé trén, dién trd phu téng duoc
tinh R;=R - R, ta c¢6 dién trd phu céc cap:
ac ce
R =—Rys Ry =—Rg (2-51)
ea ea

2.3.4. Cac trang thai ham DM

bong co PM,, c6 ®, = ©, nén khong c¢6 ham tai sinh ma chi c6
hai trang thai ham: Ham nguoc va Ham dong ndng.

2.3.4.1. Ham nguoc PM,:
a) Pua dién tro phu lon vao mach phan ting:

bong co dang lam viéc tai A, dong R, 16n vao phan tng thi
dong co sé chuyén sang B, C va s& thuc hién ham ngugc doan CD:

a)
Hinh 2-14: a) So do néi day DM, khi ham nguoc voi R,
b) Ddc tinh ham nguoc DM, doan CD.
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b) Ham nguoc bang cdch ddo chiéu dién dp phdn iing:

Pong co dang 1am viéc & diém A trén dic tinh co tu nhién voéi:
U, > 0, quay véi chiéu ® > 0, lam viéc & ch€ do dong co, chiéu
momen tring véi chiéu t6c do; Néu ta déi cuc tinh dién ap dat vao
phan tng U, < 0 (vi dong déo chiéu 16n nén phai thém dién tré phu
vao dé han ché) va van giit nguyén chiéu dong kich tir thi dong dién
phan tng s& doi chiéu I, < 0 do d6 momen doéi chiéu, dong co sé
chuyén sang diém B trén dic tinh @ hinh 2-15, doan BC la doan hdam
nguoc, va s€ lam viéc xac 1ap & D néu phu tai ma sat. Lic ham dong
nang, dong ham va momen ham cta dong co:

-U-E, U+ Kom
I = = _ <0

R,+R, R, +R, (2-52)
M, =K¢I, <0

Phuong trinh dac tinh co:
_ U _ Ru - Ruf
K¢ (K¢

(2-53)

+ U -
g € —

R
Ckt
O
a) b)

Hinh 2-15: a) So dé ham nguoc bdang cdach ddo U,
b) Ddc tinh co khi ham nguoc bang cdch ddo U,
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2.3.4.2. Ham dong nang PM,:
a) Ham déong nang kich tir doc ldp:

Dbong co dang lam viéc véi ludi dién (diém A, hinh 2-16), thuc
hién cat phan ting dong co ra khoi luéi dién va déng vao mot dién tro
ham R,, con cudn kich tir duoc ndi vao luédi dién qua dién trd phu sao
cho dong kich tir ¢6 chiéu va tri s6 khong déi (I,,,,), va nhu vay giong
vGi truong hgp ham dong nang kich tir doc 1ap cia DM,,.

Phuong trinh dac tinh co khi ham dong nang:

_ Ruz - Rh
(K¢)’

+

ge— U — 52

Hinh 2-16: a) So dé ham déng ndng kich ti doc lap PM,,.
b) Ddc tinh co khi HDN kich tiw doc lap PM .

b) Ham dong nang tw kich ti :

bong co dang 1am viéc véi ludi dién (diém A), thuc hién cat ca
phan ting va kich tir ciia dong co ra khoi ludi dién va dong néi ti€p vao
mot dién tré ham R,, nhung dong kich tir vAn phai dugc gitt nguyén
theo chiéu cii do dong nang tich Iuy trong dong co, cho nén dong co
van quay va né lam viéc nhu mot may phat tu kich bién co nang thanh
nhiét nang trén cac dién tro.
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Phuong trinh dac tinh co khi ham dong nang tu kich tur:
R,+R, +R
0=—- k‘z "M (2-55)
(K9)

Va tr thong giam dan trong qua trinh ham dong nang tu kich.

+ U -
F<— —_—>

b)

Hinh 2-17: a) So do ham dong ndng tu kich tw DM,,.
b) Ddc tinh co khi HDN tu kich tie DM,,.

2.3.5. Pao chiéu DM, :

Dic tinh co ctia dong co DM, khi ddo chiéu bang cach dao
chiéu dién ap phan tng:

o= _Uu _ Ruz +Ru'f
Ko(l,)  [Ko(I,))

Khi U, > 0, dong co quay thuan o > 0 (tai diém A trén dic tinh
co & gbc phan tu thi nhat cua toa do [M, o], vé6i phu tai 1a M, > 0).
Néu ta dao cuc tinh dién dp phan tng dong co (van gilt nguyén chiéu
tir thong kich tir) U, < 0, phu tdi dong co theo chiéu nguoc lai M, < 0,
dong co s& quay nguoc o < 0 (tai diém A trén dic tinh co & géc phan
tu thit ba cua toa do [M, o]. Néu cho dién tré phu vao mach phan tng,
ta s€ ¢6 cac toc do nhan tao ngugc, hinh 2-18.
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Hinh 2-18: a) So do ddo chiéu dién dp U, ciia DM, .
b) Ddc tinh co khi ddo chiéu U, ciia DM,

2.3.6. Nhan xét vé DM, :

Vé cdu tao, DM, c6 cudn kich tir chiu dong 16n, nén tiét dién to
va s6 vong day it. Nho d6 né dé ché tao va it hu hong hon so véi DM,,.

bong co DM, ¢6 kha nang qud tai 16n vé mmomen. Khi c6
cung mot hé s6 qua tai dong dién nhu nhau thi mémen ctia DM, 16n
hon momen cua DM,,.

Thuc vay, lay vi du khi cho qud tai dong I, = 1,51, thi momen
qué tai cia DM, 1a : M, = Ky,.1,51, = 1,5M,,,, nghia la hé s6 qud
tai momen bang hé s6 qué tai dong dién: K, = K, = 1,5. Trong kho
d6, momen cua DM, ty 1¢ v6i binh phuong dong dién, nén M',, =
K.CI* = K.C.(1,51,,)" = 1,5 M,,, = 2,25M,,, nghia 1a hé¢ s6 qud tai
mZ()men bang binh phuong lan clia hé s6 qud tai dong dién: K', =
K* -

Momen cta DM,, Khong phu thudc vao sut ap trén dudng day
tai dién, nghia la néu gilt cho dong dién trong dong co dinh muc thi
momen dong co ciing 1a dinh mic, cho du dong co néi & dau duong
day hay & cudi duong day.

Ths. Khuong Cong Minh Gido Trinh: Truyén dong dién Tu dong
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2.3.7. Pac diém, dac tinh co dong co PM,,, :

So d6 nguyén ly cua dong co DM, nhu hinh 2-19, vé6i hai cuon
kich tir song song va ndi ti€p tao ra tr thong kich tir dong co:

b=0,+9, (2-57)

Trong d6: ¢, la phan tir thong do cuodn kich tir song song tao
nén; ¢, = (0,75 + 0,85)d,,, va khong phu thudc vao dong phan tng, tic
khong phu thudc vao phu tai.

Con ¢, 1a phan tir thong do cudn kich tir ndi ti€p tao ra, n6é phu
thudc vao dong phan tng. Khi phu tai M, = M,,, thi I, = I, tuong

2,

tng:
¢n.dm = (0725 - 0715)¢dm
Do c6 hai cudn kich tir nén dac tinh co cia BPM,, vira c¢6 dang
phi tuyén nhu DM, dong thoi c6 diém khong tai 1y tuong [0, o,] nhu
ciia BPMy,, hinh 2-20, trong d6 toc do khong tai 1y tudng c6 gia tri kha
16n so véi téc do dinh mic: o, =~ (1,3 + 1,6) oy, -

bong co DM, ¢6 ba trang thai ham tuong tu nhu PM,,,.

0
+ -
ge— U — 5 P
Nwo TN
1
L S==
| Re 1
R ! 1
I Ck ktf
kts S ﬂ Igh O Mc M
R
Ckn uf,
_(’0(")
>( By /- ;
v Ikln
a) b)

Hinh 2-20: a) So do noi dday PM,, .
b) Ddc tinh co cia DM,
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§ 2.4. PAC TINH CO CUA PONG CO KHONG PONG BO (PK)
2.4.1. Cac gia thiét, so do thay thé, dac tinh co cua dong co PK:
2.4.1.1. Cdc gid thiét:

Dong co khong dong bo

(PK) nhu hinh 2-21, o -
duoc st dung rong rai T T T T
trong thuc t€. Uu diém

ndi bat ctia né la: cau tao

don gian, lam viéc tin

cdy, von dau tu it, gia bK,,

thanh ha, trong luong, .
kich thuéc nho hon khi DK,,

cung cong sudt dinh muc

so v6i dong co mot . )

chiéu. Sir dung truc ti€p H”?h 2-21. . R o ,
lu6i dién xoay chiéu 3 Dong CU\ khAong ciong bo long soc
pha ... (DK,,) va day qudn (DK,,)

Tuy nhién, viéc diéu chinh t6c do va khéng ché cdc qud trinh
qua do kho khan hon, ciac dong co DK 16ng séc ¢6 cac chi tieu khoi
dong xau (dong khdi dong 16n, momen khai dong nho).

Dé don gian cho viéc khao sét, nghién cttu, ta gia thiét:
+ Ba pha cua dong co la doi xtng.

+ Céc thong s6 ctia mach khong thay déi nghia 1a khong phu
thuoc nhiét do, tan s6, mach tr khong bao hoa nén dién trd, dién
khéng, ... khong thay doéi.

+ Tong dan ctia mach vong tir hod khong thay déi, dong tir hoa
khong phu thudc tai ma chi phu thuoc dién ap dat vao stato.

+ B0 qua céc t6n thit ma sét, tn that trong 15i thép.
+ Dién 4p ludi hoan toan sin va doi xung.
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2.4.1.2. So do thay thé:
Vi cdc gia thiét trén ta c¢6 so do thay thé 1 pha ctia dong co
X, R, X,

nhu hinh 2-23.
Trong do:

U,; 1a tri s6 hiéu dung clia
dién 4p pha stato (V).

1,1, 1, 12 cdc dong stato,
mach tir héa, roto da
quy d6i vé stato (A).

Hinh 2-23: So do thay thé DK,

X, X, XZ la dién khéng stato, mach tir, roto da quy déi vé stato ().
R, R, R’2 1a dién trd stato, mach tir, roto da quy déi vé stato (Q).
R,Zf la dién tr& phu (néu c6) & moi pha roto da quy doi vé stato ().
s la hé so trugt cua dong co:

O -0 ®) —O

s= (2-58)

o, ®,
Trong do6:

®, = w, la toc do cua tir truong quay & stato dong co,
con goi 1a toc do dong bo (rad/s):
2nf,
® =, =L (2-59)
p

wla toc do gbc cua roto dong co (rad/s).
Trong d6: f, 1a tan s6 cta dién 4p nguodn dit vao stato (Hz),
p 1a s6 doi cuc clia dong co,
2.4.1.3. Biéu do ndng luong ciia PK:

V6i cac gia thiét & trén, ta c6 biéu do nang luong cia dong co
PK 3 pha nhu hinh 2-24:
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Trong bi€u d6 nang luong:
P, 1a cong suat dién tir dua vao 3 pha stato dong co PK
AP, = AP, 1a ton that cong suat trong cdc cudn day dong stato
P,, 1a cong suat dién tir truyén gitra stato va roto dong co BK
AP, = AP, 1a tén thit cong suat trong cdc cudn day dong roto

P, 1a cong suat trén truc dong co, hay la cong suit co cua DK
truyén dong cho mdy san xuat.

| P,=P

lrllC
; AP, = APCuz

AP1 = AP,

=P,

co

P, =3U I coso

Hinh 2-24: Biéu do nang lugng ciia dong co PK,,

2.4.1.4. Phuong trinh va ddc tinh co DK:
Tir so d6 thay thé hinh 2-23, ta tinh dugc dong stato:

I, =U, L, ! (2-60)

R +X? R_Y
\/ . . \/(R1+22j + X2
S

Trong d6: R ;s =R, + R, 1a dién tré téng mach roto.

X, = X, + X, 1a dién khang ngan mach.
Tu phuong trinh dac tinh dong stato (2-60) ta thay:
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Khi ®=0, s=1,tacé: I, =1, -dong ngan mach cua stato.

Khi o =w),s=0,taco: I, =U,, 1 =1

JRZ+X2 |

Nghia la & toc do dong bo, dong co van tiéu thu dong dién tir
hoa dé tao ta tlr trudng quay.

Tri s6 hiéu dung clia dong roto da quy ddi vé stato:

Ulf

I, = = (2-61)
R
\/[RI + sz + X2
S

Phuong trinh (2-61) 1a quan hé gitta dong roto I, v6i hé so truot
s hay gitta I, v6i t6c do o, nén goi la dic tinh dién-co ctia dong co
DK, (hinh 2-25). Qua (2-61) ta thay:

Khi o =, s=0,taco: I,=0.

. U .
Khi ®=0,s=1,tacé: I, = 1 =1

\/ B o 2 2nm
(R, +R,5)" + X0,

Trong dé: I, 1a dong ngan mach ciia roto hay dong khéi dong.

~ (O]

AN

2f

bK

d s 5
‘ 0 I nm I 2
Hinh 2-26: Ddc tinh dién-co ciia DK
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Pé tim phuong trinh dic tinh co cia DK, ta xuét phat tir diéu
kién can bing cong suét trong dong co: cong suét dién chuyén tir stato
sang roto:

P, =M,., (2-62)
M,, 12 momen dién tir ctia dong co, néu bo qua cac ton that phu:

M, =M, =M (2-63)
Va:  P,=P,+AP, (2-64)

Trong d6: P,,= M.o la cong suét co trén truc dong co.
AP, = 3I%,R ,5 12 tén hao cong suét déng trong roto.
Do d6: M.o,=M(o, - ®) = M.o,.s

M:3.I'§.R'22/s
®,

Vay: (2-65)

Thay (3-4) vao (3-8) va bién ddi ta c6 :
3.U R,

, 2
R
s.wo.[(Rl+ 22) +Xﬁm]
s

Phuong trinh (2-66) 1a phuong trinh dac tinh co cua DK. Néu
biéu dién dic tinh co trén dé thi sé 1a dudng cong nhu hinh 2-27b. Co6
thé xdc dinh cdc diém cuc tri ctia dudng cong dé bing cdch cho dao
ham dM/ds = 0, ta s& dugc cdc tri s6 vé do trugt téi han s, va momen
t6i han M, tai diém cuc tri:

R}
§ —4——2E (2-67)
" R X

Uy
20,.(R, £{R? + X2, )
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M=

(2-66)

Va: M, =+ (2-68)
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Trong céc biéu thiic trén, ddu (+) tng véi trang thdi dong co,
con ddu (-) tng vai trang thai mdy phat, (Mp > Mp).

Phuong trinh dic tinh co ctia DK c6 thé biéu dién theo closs:

2M, (1+as, )

M — th th (2—69)
S Sy

—+— +2as,,

SR

Trong d6: a=R /R 5.
M,, va s, 14y theo (2-67) va (2-68).

Doi v6i dong co DK cong suat 16n, thuong R, rdt nho so véi X,
nén c6 thé bd qua R, va as,, ~ 0, khi d6 ta c6 dang closs don gian:

T 7th _
=5 s, (2-70)
Sy, S
R 3U;
Lic na s, x+t—2: M, ~+——1 2-71
y th X th 20X ( )
(doan lam viéc)
~ ®
o)
Ry <=( d%gm khoi dong)
PK,, L >

a)

Hinh 2-27: Ddc tinh co cua PK
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+ Trong nhiéu trudong hop cho phép ta st dung nhiing dac tinh
gan ding bang cdch truyén tinh hoéd dac tinh co trong doan 1am viéc.

Vi du & ving do trugt nho s < 0,4s,, thi ta xem s/s,, ~ 0 va ta co:

v My

S (2-72)
Sth
C6 thé tuyén tinh héa doan dic tinh co lam viéc qua 2 diém:
diém dong bo (khong tai ly tudng) va diém dinh miic:

M = Man ¢ (2-73)
Sq

m

Trén dac tinh co tu nhién, thay M = M,,, M,, = AM,,,, ta co:

S =San 432 1) (2-74)

Qua dang dac tinh co tu nhién ctia DK hinh 2-27, mot cach gan
ding ta tinh do ctng dac tinh co trong doan lam viéc:
1 dM M,

|B| :d_M:_._ (2-75)
do o, ds S,

va p MM L (2-76)
do/m, s,

m

+ Doi v6i doan dac tinh c6 s >> s, thi coi s, /s ~ 0 va ta co:

2M,, .
M= M-S (2-77)
S
.. . 2M,, sy,
Va: p=—"5" (2-78)
®,-S

Trong doan nay do cing B > 0 va gid tri cha né thay déi, day
thuong 1a doan dong co khoi dong.

Trang 62

Ths. Khuong Céng Minh Gido Trinh: Truyén dong dién Ty dong

2.4.2. Anh huéng cua cac thong s6 dén dic tinh co cia PK:

Qua chuong trinh dac tinh co ban cta hoat dong co DK, ta thay
cac thong s6 c6 anh huong dén dac tinh co PK nhu: R, R, X, X, U},
f;,... Sau day, ta xét anh huénh ctia mot s6 thong so:

2.4.2.1. Anh huéng ciia dién dp lusi (U):

Khi dién dp lu6i suy gidm, theo biéu thitc (2-68) thi momen t6i
han M,, s& giam binh phuong 1an d¢ suy giam cua U,. Trong khi d6
toc do dong bo w,, hé s truot t6i han S, khong thay déi, ta c6 dang
dac tinh co khi U; giam nhu hinh 2-28.

Qua do6 thi ta thay: véi
mdt moémen can xac dinh
(Mp), dién éap ludi cang giam
thi toc do xdc lap cang nho.
Mat khac, vi momen khoi
dong M,;, = M,,, va momen
t6i han M, déu giam theo
dién ap, nén kha nang qua tai
va khdi dong bi giam dan. Do
d6, néu dién ap qua nhod —h—— !
(duong U, ...) thi hé truyén 0 M, M, M,, M
dong trén c6 thé khong khoi
dong duoc hoac khong lam
viéc dugc. Hinh 2-28: Anh hudng ciia U,

2.4.2.2. Anh huong cua dién tro, dién khdng mach stato:

Khi dién tré hoic dién khang mach stato bi thay doi, hoac thém
dién tré phu (Ry), dién khiang phu (X,) vao mach stato, néu ®, =
const, va theo biéu thiic (2-67), (2-68) thi momen M, va S, déu giam,
nén dic tinh co c6 dang nhu hinh 2-29.
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Qua d6 thi ta thay: 2.4.2.4. Anh huéng ciia tan s6 luéi cung cdp cho dong co:

v6i momen M, = M,
thi doan lam viéc cta dac
tinh co c6 dién khang phu
(X)) cting hon dac tinh c6
R, Khi tang X, hodac Ry

o _ M) e . ; o ..
Khi dién dp nguon cung cap cho dong co c6 tan so (f,) thay doi
thi toc do tr trudng w, va téc do cua dong co o sé thay déi theo.

Vio,=2nf/p,vaX=0L, néno,=f,0= fvaX=f,.

1 R st Qua do6 thi ta thay: o
thi M, va Sy deu gidm. Khi tan s6 tang (f;; > £, ;.), M. (o)
Khi dung X, hoac R, d& thi M,, s& gidm, (v6i dién ! o
khoi dong nham han ché ap nglllén U, = const) thi : l‘
dong khéi dong, thi c6 1 VAR
thé dua vao tam gidc téng 0 Mnmf M M M M,, =— (hinh 2-31). ® 1473
tr6 ngan mach dé xdc f, u)g; o fu> Tt
dinh X,; hoic R,. Hinh 2-29: danh huong cua Ry, X, Khi tdn s6 nguon o . TN, 4,
giér\n (fy < figmr -.) cang = ¢ <t
2.4.2.3. Anh huéng ciia dién tré, dién khdng mach roto: nhicu, n€u gitt di¢n ap u, ol
. _ i . khong d6i, thi dong dién f, <f),
Khi thém dién tro phu (R,), dién khang phu (X,;) vao mach roto dong co sé tang rét 16n. Do
dong co, thi o, = const, va theo (2-67), (2-68) thi M,, = const; con S, Véy, khi gidm tdn s6 cén ﬂ
s€ thay doi, nén dac tinh co c6 dang nhu hinh 2-30. giam dién 4p theo quy luat :
nhat dinh sao cho dong co 0 M,, M
Qua db thi ta o P M. (®) s1nAl,r1 1:a momefl nhu trong \ ) 9 7
thdy: dic tinh co khi ch& d6 dinh muec. Hinh 2-31: Anh huong cua f,
c6 R,, X,; cang 16n
thi S, cang tang, do
cung dac tinh co
cang giam, véi phu *Vidu?2 -5:
tai khong dai thi khi X ’ .
¢6 R,;, X, cang 16n Cho mot dong co khong dong bo roto day quan (DK,,) co:
thi toc do lam vige P, =850KW; U, =6000V; n, =588vg/ph; A=2,15;

ctia dong co cang bi

thdp, va dong dién E,., = 1150V ; L, =450A.

khoi  dong cang Tinh va v& dac tinh co tu nhién va dic tinh co nhan tao cua

giam. Hinh 2-30: anh huong ctia R,, X, dong co khong dong bo roto day quan véi dién tré phu moéi pha roto
la: R, = 0,75Q.
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* Giai : Theo d6 ta vé& dugc duong ddc tinh tyw nhién nhu trén hinh 2-32
di qua 4 diém: diém khong tdi [M = 0; s = 0]; diém dinh mitc [M},, =1,
Sam = 0,021; diém t6i han TH [ M, =2,15; s,,, = 0,08]; diém ngdn mach

V6i dong co ¢ cong sudt 16n, ta ¢6 thé sit dung phuong trinh
gan ding (2-70) coi R, rat nho hon R, tic a = 0.

Do truot dinh mic:

600—-588
Sdm = =
n 600

[

no — ndm

=0,02

Momen dinh miic:

_P,,1000 _ 850.1000

dm = =13805 N.m, hoac Mzm =1
n, /9,55 588/9,55

Momen t6i han:

M,, = AM,,, = 2,15.13085 = 29681 N.m, hoac M}, = 2,15

bién tro dinh mic: R, =E, /31, =1476Q

bién tr& day quan roto:

NM [M, =0,35; s,, = 1].

Doi véi ddc tinh nhan tao c6 R, = 0,175Q ta ¢6 do trugt téi han

nhan tao:

R, +R
Sy =8 2R g 0g LOZOHOLTS

R, 0,0295

3

Phuong trinh déc tinh co nhén tao s€ la:

2\
S 0,55
—
0,55 s

Va dac tinh dugc vé trén cung do thi hinh 2-32.

M =

S San = 0,02

R, =R)R,, =s,,R,, =0,02.1,476 = 0,0295Q 7 TN
0 . T
Do truot téi han clia dac tinh co tu nhién cd dinh theo (2-74): 0,08 f=o=f=o--F=T==l ——F 1= Piém TH
INT L DT
Sy, =sdm(x+\/x2 —1): 0,02(2,15+~/2,152 —1): 0,08 / - N
Phuong trinh dict tinh co tu nhién: 0,55 {——-- ---/—/---é---- e e
oM . : -
Mo o _ 39362 hode M" = 2 7/ : 7 :
S Su s 008 S, S : Ak
Sy, S 0,08 S Sy S 1 Diém Nl\l/[ [ ;
V6i momen ngian mach: 0 035 1 215 M

M, = 159& = 4777 Nm=0,35M,,
40,08
0,08
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2.4.3. Pac tinh co cua dong co PK khi khoi dong:
2.4.3.1. Khdi dong va tinh dién tré khoi dong:

+ Néu khoi dong dong co DK biang phuong phdp dong truc ti€p
thi dong khéi dong ban dau rat 16n. Nhu vay, tuong tu khdi dong
bM,, ta cling dua dién tré phu vao mach roto dong co DK c6 roto day
quén dé€ han ché dong khéi dong: 1., <1, =2,51,,.Va sau d6 thi
loai dan chiing ra dé dua toc do dong co lén xac lap.

So d6 nguyén ly va dac tinh khéi dong dugce trinh bay trén hinh
2-33 (hai cap khoi dong m = 2).

Hinh 2-33: a) So do noi dday DK khdi dong 2 cdp, m = 2
b) Cdc ddc tinh co khoi dong DM ,, m = 2

* Xdy dung cdc ddc tinh co khi khoi dong DK :

+ Tu cac thong s6 dinh muc (P,,; U5 Lins Nyt Nas---) Va thong
so tal (I; M,; P.;...) s0 cap khoi dong m, ta vé€ dac tinh co tu nhién.
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+ Vi dic tinh co clia dong co DK 1a phi tuyén, nén dé don gian,
ta dung phuong phap gan ding: theo todn hoc da ching minh thi céc
duong dac tinh khai dong cia dong co DK tuyén tinh héa s€ hoi tu tai
mot diém T nam trén dudng o, = const phia bén phai truc tung cla toa
do (o, M) nhu hinh 2-33.

+ Chon: M, ,, =M, = (2+2,5M,,, ; hoac M, . = 0,85M,,

vaM,,, =M, = (1,1+1,3)M_ trong qua trinh khai dong.

+ Sau khi da tuyén hoéa dac tinh khéi dong dong co DK, ta tién
hanh xay dung dac tinh khai dong tuong tu dong co DM, cudi cung
ta dugc cac dac tinh khéi dong gan ding edcbaXL nhu hinh 2-33.

Néu diém cu6i ciing gap dac tinh TN ma khong tring vé6i giao
diém ctia dac tinh co TN ma M, = const thi ta phai chon lai M, hoac
M, r6i tién hanh lai tir dau.
2.4.3.2. Tinh dién tro khoi dong:

*Dung phuong phdp do thi:

+ Khi da tuyén héa dac tinh khai dong dong co DK, ta cé:

SNT — Rz — sz : (2-79)
STN R2
Riut ra:
R, =1 “Smp . (2-80)
STN
Tir do thi ta c6 dién trd phu cac cap:
ha —hc ac
R, =—R,=—R; 2-81
2f1 he 2 he 2 ( )
hc—he ce
Ry = R,=—R,; (2-82)
he he
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2.4.4. Cac dac tinh co khi ham dong co DK:

Pong co dién DK cling c6 ba trang thai ham: ham tai sinh, ham
ngugc va ham dong nang.

2.4.4.1. Ham tdi sinh:

Dong co DK khi hdam tdi sinh: ® > ®_, va ¢é tra nang luong vé
ludi.

Ham tai sinh dong co DK thuong xay ra trong cac trudong hop
nhu: c¢é nguodn dong luc quay roto dong co véi téc do ® > m, (nhu hinh
2-34a,b), hay khi giam toc do dong co bang cach tang s6 doi cuc (nhu
hinh 2-35a,b), hoac khi dong co truyén dong cho tai c¢6 dang thé ning
lic ha tai véi lol > -o | bang cdch déo 2 trong 3 pha stato cua dong co
(nhu hinh 2-6a,b).

a) Ham tdi sinh khi MSX tro thanh nguon dong luc:

Trong qua trinh lam viéc, khi may san xuat (MSX) tr& thanh
nguon dong luc 1am quay roto dong co véi toc do o > wo, dong co tro
thanh mdy phat phat nang luong tra lai nguén, hay goi 1a ham téi sinh,

hinh 2-34.
~ Q)
1] g,
HTS A(d/c)
bK MSX : L
1 MC(CO)
2t M, 10 M

a) b)

Hinh 2-34: a) So do6 noi ddy DK khi ham tdi sinh (HTS)
b) Pdc tinh ham tai sinh khi: o >
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Phuong trinh dac tinh co trong truong hop nay la:

2M
Mr—10 (2-83)
S Suw
St S
! 2
Vi Sy Ry ; va M, NEELCI (2-84)
Xnm 2(’00>(nm

Va: 0>0,;1,=1,<0 ; M=M,, <0 (tai diém B)
b) Ham tdi sinh khi gidm toc do bang cdch ting sé doi cuc:

Dong co dang lam viéc & diém A, v6i p,, néu ta ting s6 doi cuc
lén p, > p, thi dong co s& chuyén sang dic tinh c6 ®, va lam viéc véi
toc do ® > m,, trd thanh may phat, hay 1a HTS, hinh 2-35.

~ Q)

T T B/ id/(z
o wsx| SRR

] pPi <P v

i
M, 0 M| M

a) b)

Hinh 2-35: a) So do noi dday DK khi HTS bang cdch tdang p
b) Ddc tinh HTS khi thay doi sé doi cuc: p, > p,.

Phuong trinh dac tinh co trong truong hop nay chi khac la:

R. z 2nf
s My g v o, = T (289)
WO A pma P,

nm?2

Va: 0>w0y,;1,=L,<0; M=M,, <0 (doan Bw,y,)
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¢) Ham tdi sinh khi ddo chiéu tir truong stato dong co:

Pong co dang l1am viéc & ché do dong co (diém A), néu ta dao
chiéu tlr truong stato, hay dao 2 trong 3 pha stato dong co (hay dao thi
tu pha dién ap stato dong co), véi phu tai l1a th€ nang, dong co sé dao
chiéu quay va lam viéc & ch& do mdy phat (hay ham t4i sinh, diém D),
nhu trén hinh 2-36. Nhu vay khi ha hang ta ¢6 thé cho dong co lam
viéc & ché do mdy phat, dong thoi tao ra moémen ham dé cho dong co
ha hang véi téc do 6n dinh o,

Phuong trinh dic tinh co trong trudng hop nay thay o, bang -o,:

' 2
S~ Rzz . 3U1f
th ~ >

My, = ="
X 2(=00) X,

nm

(2-86)

Va: || > |-y , M =M, (di€ém D, ha tai & ch€ do HTS).

,
~ (1)
kQO\AA (dfc)

MSX v
PK / / / }2) 0 M| M
a) b)

Hinh 2-36: a) So do noi day DK khi HTS bdang cdch
ddo 2 trong 3 pha stato déng co DK
b) Ddc tinh HTS ddo 2 trong 3 pha stato déng co
(hay ddo thit tw pha dién dp stato dong co PK
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2.4.4.2. Ham nguoc dong co DK:

Ham nguoc 1a khi mémen ham cta dong co DK nguoc chiéu véi
toc do quay (M ngugc chiéu v6i o). Him ngugc c¢6 hai trudng hop:

a) Ham nguoc bang cdch dwa dién tré phu l6n vao mach roto:

Pong co dang lam viéc & di€ém A, ta dong thém dién trd ham 16n
(R,,» = R,.) vao mach roéto, lic nay mémen dong co giam (M < M,)
nén dong co bi giam t6c do do stic can cua tai. Pong co s& chuyén
sang diém B, roi C va néu tai la thé€ niang thi dong co s& lam viéc 6n
dinh & diém D (0, = ., nguoc chiéu véi téc do tai diém A) trén dac
tinh co ¢6 thém dién trd ham R, ., va doan CD la doan hdam nguoc,
dong co lam viéc nhu mot may phat ndi ti€p véi ludi dién (hinh 2-37).
Pong co vira tiéu thu dién tir lu6i vita st dung nang luong thira tir tai
dé tao ra momen ham.

R‘2+R‘2f> .
Véi: o - (2-87)
va M, ~x———l
20‘)O)(nm
- ()
\wo
A (d/c)
Ryl
C 1
of MN[M "M
Osd ._._I_.H_\I._D 1
1
a) b)

Hinh 2-37: a) So do6 néi day DK khi ham nguogc voi R, .
b) Ddc tinh ham ngugc (HN) khi co: Ry, .
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b) Ham nguoc bang cdch ddo chiéu tir truong stato:

DPong co dang lam viéc & diém A, ta ddi chiéu tir trudng stato
(dao 2 trong 3 pha stato dong co, hay dao thit ta pha dién 4p stato),
hinh 2-38.

Khi dao chiéu vi dong déo chiéu 16n nén phai thém dién tr& phu
vao dé han ché€ khong qua dong cho phép I, < I, nén dong co s&
chuyén sang di€ém B, C va s& lam viéc xdc lap & D néu phu tai ma s4t,
con néu 1a phu tal thé nang thi dong co s& 1am viéc xdc lap & diém E.
Poan BC la doan ham nguoc, lic nay dong him va méomen ham cua
dong co.

' ' 2
Voir sy 2 tRa oy o SUn o o
Xnm 2(_(’00)>(nm
s= 2079 o (2-89)
®,
~ N
Blkw — /A (dfe)
NHN )
MSX ; ,
PK - GML e
RZf

a)

Hinh 2-38: a) So' do noi day DK khi Ham nguoc bang cach
ddo 2 trong 3 pha stato déng co DK
b) Bdc tinh HN ddo chiéu tir truong stato DK
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2.4.4.3.Ham dong ndng dong co DK:
C6 hai truong hop ham dong nang dong co DK:
a) Ham dong nang kich tir doc ldip (HDN KTDL):

1w o
L'__Il_ll_ﬂ‘ﬁ_ U, M 41:_@ DNE

" U V6o Care

bK

a) b)

Hinh 2-39: a)So do néi day DK khi HDN KTDL
b) So do nguyén ly tao momen ham HPN KTDL

bong co dang lam viéc v6i lu6i dién (diém A), khi cat stato
dong co DK ra khoi 1uéi dién va déng vao nguén mot chiéu (U,.) doc
lap nhu so d6 hinh 2-39a.

Do dong nang tich lily trong dong co, cho nén dong co van quay
va né 1am viéc nhu mot mdy phét cuc an ¢6 toc do va tan s6 thay doi,
va phu tai cua né la dién tré mach roto.

Khi cat stato khoi nguén xoay chiéu réi déng vao nguén mot
chiéu thi dong mot chiéu nay sé sinh ra mot tir trudng ding yén @ so
v6i stato nhu hinh 2-39b. Roto dong co do quan tinh van quay theo
chiéu cii nén céc thanh din roto s& cit tir trudng ding yén, do d6 xuat
hién trong chiing mat sic dién dong e,.

Vi roto kin mach nén e, lai sinh ra i, cing chiéu. Chiéu cta e, va
i, xdc dinh theo qui tdc ban tay phai: “+” khi e, ¢6 chiéu di vao va “s”
la di ra. Tuong tac gitta dong i, va @ tao nén stc tir dong F c6 chiéu
xac dinh theo qui tic ban tay trdi (hinh 2-39b).
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Chi y rang, trong trudng hop ham ngugc vi:

Luc F sinh ra momen hdm M, c6 chiéu ngugc véi chiéu quay
ctia roto @ lam cho roto quay cham lai va stc dién dong e, ciling giam
dan.

* PE thanh lap phuong trinh dic tinh co ctia dong co PK khi
him dong nang ta thay thé mot cach dang tri ché do mdy phat dong bo
c6 tan s6 thay doi bing ché do dong co khong dong bo. Nghia 1a cudn
day stato thuc t€ dau vao nguén mot chiéu nhung ta coi nhu dau vao
nguon xoay chiéu.

Diéu kién dang tri & day 1a sirc tir dong do dong dién mot chiéu
(F,.) va dong dién xoay chiéu ddng tri (F,) sinh ra la nhw nhau:

F, =F, (2-90)

Stic tir dong xoay chiéu do dong ddng tri (I,) sinh ra 1a:
=%\/5.w1.11 (2-91)

Stic tir dong mot chiéu do dong mot chiéu thuc t€ sinh ra phu
thudc vao cdch dau day clia mach stato khi hdm va biéu dién téng quat
nhu sau:

F..=aw.l (2-92)
Can bang (2-91) va (2-92) va riit ra:
[ =™ 1 AL, (2-93)

3
Eﬁ.wl

Trong d6: a, A la cac hé s6 phu thuoc so d6 n6i mach stato khi
ham dong nang nhu bang (2-2).
Vi du, theo bang (2-2), so d6 noi day va do thi vecto (a):

F =21 .w,cos30° =/3.w,I__ (2-94)
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V2

Va: a=\/§; A=—

NE)

D6i v6i cdc so d6 dau day khac nhau clia mach stato, ta c6 thé
xac dinh hé s6 A theo bang 2-2.

Bdng 2-2

+ So d6 ddu day mach stato va do thi véc to stc dién dong:

Héso A: a):

V2 A2 A2 1
ek DERS Q) d).ﬁﬁ,

Dua vao so do thay th€ mot pha ctia dong co trong ché€ do ham
dong nang dé xay dung dac tinh co (hinh 2-40).

O ché do dong co DK thi dién dp dat vao stato khong doi, d6 1a
nguoén dp, dong tir héa I, tir thong @ khong déi, con dong dién stato
I,, dong dién stato I, bién déi theo do truot s.
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Con & trang thai ham dong nang kich tir doc lap, vi dong dién
mot chiéu I . khong déi nén dong xoay chiéu dang tri ciing khong déi,
do d6 nguén cip cho stato 1a nguon dong. Mat khac, vi tong tré mach
roto khi ham phu thudc vao toc do nén dong roto I, va dong tir héa I,
déu thay déi, vay nén tir thong @ & stato thay déi theo toc do.

1

2 R’Z/O\)*
I ,
‘(Q E, %X“

\ vl R,/ o

Hinh 2-40: So do thay thé khi ham dong nang PK

Trong ché€ do 1am viéc cua dong co DK, do truot s 1a toc do cat
tuong do6i cua thanh dan roto véi tir trudng stato, ¢ trang thdi ham
dong nang né dugc thay bang téc do tuong doi:

o =— (2-95)

T so do thay
thé hinh 2-39, ta cé
d6 thi vecto dong
dién nhu hinh 2-41.

Hinh 2-41: Do thi vecto
dong dién khi HDN
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Tir so d6 thay thé ta c6:

[, = 2 - (2-96)
\/(RZEJ +X2 \/Rzz +(X,.0)
0)
. [.X,.0
Hay: [, =——— (2-97)
JRZ +(X,.0')’
Trong do: R,; =R, +R},
Theo do thi vecto ta cé:
I} = (I, +1,sing,)* +(I,sing,)*;
Hay I} = Ii +1; + 2IH.I'2 sin@,)*; (2-98)
Trong do6:
. X,.0
Sin g, = ———2— (2-99)
JRZ +(X,.0")
Thay I, va sing, vao (2-98), ta c6:
LXo? 22X X 07
=D+t s 2 (2-100)
Ry +X,w) Ry+X,0)
Tur d6 rit ra:
2
L
* ' Iu
o =R, (2-101)

2
, I .
oo (1]

n
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Tir cac biéu thite (2-98) + (2-100), sau khi bién ddi ta co:
[ - [ X, o

2 ' ' *

JRE +(X,+X,) 0"

(2-102)

Tuong tu nhu da xét & dong co DK, ta xac dinh dugc momen:

» R

3 =

M=—8_ (2-103)
)

[

35X, R0
Hay: M= . £ > (2-104)
(Do[Rzzz +(X, +Xu)2(’3 ]

Pudng cong M = f(o') cling dugc khio st twong tu nhu véi
duong cong dac tinh co cua dong co DK va cho ta nhiing két qua:

+ Ry

o =2 2-105
. X, +X, ( )
2 2
hih __ O : (2-106)
' 20, (Xp +X,)

Va: M = —%Mth-‘h* (2-107)

© o

0, O

Biéu thic (2-107) 1a phuong trinh dic tinh co clia dong co DK
khi ham dong nang kich tir doc 1ap.

Ta thay ring, khi thay déi R, thi R, thay ddi, nén o, thay
ddi, con M,, = const, con khi thay déi dong dién xoay chiéu dang tri
I,, nghia la thay d6i dong dién mot chiéu I, thi momen M,, thay déi,
con (th = const.

mc?
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Cac duong dac tinh him dong niang dugc bi€u dién nhu trén
hinh 2-42. Trén d6: dudng (1) va (2) ¢6 cing dién tr& Ry, =Ry,
nhung c¢6 M, > M,;, nén dong mot chiéu twong ing I, > 1 ;.

mc2

Nhu vay khi thay déi nguén mot chiéu dua vao stato dong co khi
ham dong nang thi s& thay déi duoc momen t6i han.

— A (dfe)
(D*ch
(D*thl

Mth2 Mthl O M

Hinh 2-42: Ddc tinh co cua dong co DK khi HDN-KTPL

Con duong (2) va (3) thi c6 cung dong dién mot chiéu nhung
dién tr& Ry, <Ry ).

Nhu vay khi thay d6i dién tr& phu trong mach roto hoac dong
dién mot chiéu trong stato dong co khi ham dong nang thi s& thay do6i
duoc vi tri cua dac tinh tinh co.

b) Ham dong nang tu kich tu:

DPong co dang hoat dong & ché do dong co (ti€p K kin, ti€p diém
H ho), khi cho K ho, H kin lai, dong co s& chuyén sang ché do ham
dong nang tu kich tir. Khi d6, dong dién I, khong phai tit nguon dién
mot chiéu bén ngoai, ma s dung ngay nang luong cua dong co thong
qua bo chinh lIuu & mach roto (hinh 2-43a) hoac bo tu dién & mach
stato.
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KI_T:;T: 41:_ ¢(D VO
M,
HL J - |‘H V’@@) @ &
DK R @ Cr )
o dch ® ®
‘ H CL —I<|J
a) b)

Hinh 2-43: a)So do noi day DK khi HDN TKT
b) So do nguyén ly tao momen ham HPN TKT

* Vi du 2-6:

Hay Iuva chon déc tinh co ham dong nang va xic dinh cic thong
s6 mach ham, géom dong dién mot chiéu I, cdp vao cudn day stato va
dién tré phu R, n6i vao mach roto cua dong co khong dong bo roto
day quan sao cho momen ham cuc dai dat dugec M, ... = 2,5M,,, va
hiéu qua ham cao. SO liéu cho trudc: Dong co 11KW; 220V;
953vg/ph, A = M,/M,,, = 3,1; cosg,,, = 0,71; coso, (khong tai) = 0,24;
La, = 28,4A; 1, (khong tai) = 19,2A; R, = 0,415Q; X, = 0,465Q;
E, .(dién dp day) = 200V; L, = 35,4A; r, = 0,132Q; X, = 0,27Q; va
K, =1,84.

* Giai:
Trudc hét, xac dinh thém cac thong s6 cta dong co:
Toc do dinh miic:

Oy, = Nan _ 933 _ 99,8 rad/s
9,55 9,55

Trang 82

Ths. Khuong Cong Minh Gido Trinh: Truyén dong dién Tu dong

Téc do tir truong quay: o, = 1000/9,55 = 104,7 rad/s

P,,.1000 11.1000
W4

Momen dinh mic: M, = =110,2N.m

m b

m  104,7-998
® 104,7

(4]

0, — 0,

Do trugt dinh muc: s, =— =0,05

bién khang mach hoa X, duoc xac dinh theo s.d.d. va dong dién
khong tai cua stato (coi dong khong tai bang dong tir hoa):
E
X :Jzz—lzzll,OSQ

S RTY

(v6i: B,y =K_E,.  =18422 _212V)

e~ 2nmf \/g

bién khéng roto qui déi vé stato:
X, =X,K?=0,27.1,84* =0,92Q

Theo yéu céu ctia dé bai ta c6 thé chon dic tinh him dong nang
c6 momen t61 han 1a: My, 4, = M, 10 = 2,5Mg,,.-

h.max
T6c d6 t6i han o, c6 thé chon bing tdc do him ban dau:
Wy = Oy = Oy, / O

Khi d6 ta cé dac tinh ham la duong 2 trén hinh 2-38. RO rang
dac tinh nay c6 hiéu qua ham thap vi momen giam gan nhu tuyén tinh
tir toc do ban dau o, = ,,, cho dén o = 0.

DPé cho viéc ham c6 hiéu qua cao, ta cin tao ra mot dic tinh co
dam bao bao mot dién tich 16n nhat gitta né véi truc tung cua do thi
(vung gach soc trén hinh 2-44). Khi d6 momen ham trung binh trong
toan bo qua trinh ham s€ 1a 16n nhat. Viéc tinh toan cho thay dac tinh

*

co dang nay c6 toc do t6i han: o, = 0,407.
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Vay dac tinh co ham dong nang duoc chon la duong (1) trén
hinh 2-44.

v0.05
O e

N

Y
I

N

-

*
O

: >
Mh.max = MthAdn M 3,1M M

Hinh 2-44: Ddc tinh co TN va ddc tinh co ham DN

dm dm

Tur biéu thic cia momen t6i han him dong nang (biéu thic 2-
106) ta riit ra biéu thitc tinh dong dién xoay chiéu dang tri I;:

M 40 - 20, (X, + X;) B
b= 3X° B

n

=43 4A

_[2,5.110,2.2.104,7.(11,05+0,92)
3.11,05°

Qua hé s6 ty 1&¢ A cta so d6 ndi day stato vao nguodn dién mot
chiéu khi ham, vi du chon so d6 1 trong bang 2-2, ta co:

A =+2/4/3 =0,815, ta xdc dinh dugc dong dién mot chiéu cén thiét:
L. =1/A=434/0,815=53A

Tir biéu thitc cua t6c do t6i han (2-74) ta xdc dinh duoc gia tri
dién trd trong mach roto khi ham:
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R), =, (X, +X,)=0,407.(11,05+0,92) = 4,87Q

Tuong tng véi gia tri trudc khi qui doi 1a:
R, =R, /K2 =487/1,84" =1,44Q

Vay dién trd phu can ndi vao mach roto la:

R,=R, -1,=144-0,132=1,308 Q

2.4.5. Pao chiéu dong co PK:

Gia str dong co dang lam viéc & di€ém A theo chiéu quay thuan
trén dac tinh co tu nhién thuan véi tai M :

2M,, (1+as,,)

M= (2-108)

s s
—+-" 4 Das,,
Sy S

MSX

bK

2f B (d/cN) %\
a) b)

Hinh 2-45: a) So dé noi day DK khi ddo 2 trong 3 pha
stato dong co DK
b) Ddc tinh co khi lam viéc thudn (A) va nguoc (B)
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Muén dao chiéu dong co, ta c6 thé ddo chiéu tir trudng stato
(+m,), hay dao thit tu pha dién ap (u,) dong co DK (thuong dao 2 trong
3 pha stato). Khi dao chiéu, dong dao chiéu rat 16n nén phai cho thém
dién tr& phu vao mach roto dé han ch€ I, < 1.

Khi dong co DK lam viéc & chiéu nguoc lai thi M, sé ddo dau
va s, > 1 nhu hinh 2-45:

Dong co quay ngugc chiéu tuong tng vdi diém B trén dic tinh
co tu nhién bén nguoc, hoac trén dac tinh co nhan tao nguoc.

§ 2.5. PAC TINH CG CUA PONG CG PONG BO (DDB)
2.5.1. Pac tinh co cua dong co PPB:

Khi déng stato ctia dong co dong bo vao luéi dién xoay chiéu cé
tan s6 f, khong ddi, dong co s& lam viéc véi toc do dong bo khong phu
thudc vao tai:

_ 2mf,

®, (2-109)
T N
MSX )
DKB |
l
:
Rdch :
L »
+ Uy - 0 M., M
a) b)

Hinh 2-46: So do noi day va ddc tinh co ciia dong co DDB
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Nhu vay dac tinh co cta dong co PDB nay tong pham vi mémen
cho phép M < M__ la duong thang song song véi truc hoanh, véi do
cting B = o va dugc bi€u dién trén hinh 2 -46.

Tuy nhién khi mémen vugt qua tri s6 cuc dai cho phép M >
M, . thi toc do dong co sé& 1éch khoi toc do dong bo.

2.5.2. Pac tinh goc caa dong co PDB:

Trong nghién citu tinh todn hé truyén dong dung dong co DDB,
nguoi ta st dung mot dac tinh quan trong la dac tinh géc. N6 la su phu
thuoc gitta momen cua dong co véi goc léch vecto dién dp pha cla
ludi U, va vecto stc dién dong cam ung E trong day quan stato do tir
trudng mot chiéu cua roto sinh ra:

M = f(0)

Hinh 2-47: Do thi vecto ciia mach stato cuia dong co PDB

Dic tinh nay duoc xay dung bang céach st dung d6 thi vecto clia
mach stato vé& trén hinh 2-47 véi gia thiét bd qua dién tré tic dung
cuia cudn day stato (r, = 0).

Trén d6 thi vecto hinh 2-47:

U, - dién ap pha cua luéi (V)

E - stic dién dong pha stato (V)
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I - dong dién stato (A)

0 - godc léch gitta U, va E;

¢ - gbéc léch gitra vecto dién ap U, va dong dién 1.

X, = X, + X, - dién khdng pha cta stato 12 tong cua dién khang

mach tr héa x, va dién khang cudn day 1 pha cua stato x,
Q)

Tir d6 thi vecto ta c6:
U, cos@=Ecos(¢p—0) (2-110)

Tur tam gidc ABC tim dugc:
CB U;sin0

cos(p—0)=—= 2-111
(¢—9) cA Ix, ( )
Thay (2-110) vao (2-111) ta duoc:
U cosg =B850 2-112)
Ix,
E .
Hay: UIIcoscp=Lsm9 (2-113)
XS
V€ trdi cua (2-113) 1a cong suat 1 pha cua dong co.
Vay cong suét 3 pha cta dong co:
P:3&sin9 (2-114)
XS
Momen cua dong co:
M=£:3EU1 sin0 (2-115)
®,  OpX,

(2-115) 1a phuong trinh dac tinh géc cua dong co DDB. Theo do
ta c6 dac tinh géc 1a duong cong hinh sin nhu trén hinh 2-48.
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Khi 6 =n/2 ta ¢6 bién do cuc dai ctua hinh sin la:
M, = 3EU, (2-116)
O)OXS

Phuong trinh (2-115) ¢6 thé viét gon hon:
M = M, sin6 (2-117)
M,, dac trung cho kha nang qua tal cta dong co. Khi tai tang
goc léch pha 0 tang. Néu tai tang qua muc 0 > g, momen giam.
Pong co dong bo thuong lam viéc dinh mic & tri s6 cua goc
léch 6 = 20° + 25°. Hé s6 tai vé momen tuong ting sé la:
M
Ay =—"=2+25

dm

Nhiing di€u da phan tich & trén chi ding v6i nhitng dong co
déng bo cuc 4n va momen chi xuat hién khi roto ¢ kich tir. Con déi
vGi nhitng dong co dong bo cuc 16i, do su phan bd khe hd khong khi
khong déu giita roto va stato nén trong may xudt hién moémen phan
khéng phu. Do d6 dac tinh géc c6 bién dang it nhiéu, nhu dudng nét
dut trén hinh 2-48.

MaA

Hinh 2-48: Ddc tinh géc cuia dong co dong bo
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Trang 89
CAU HOI ON TAP
1. C6 thé biéu dién phuong trinh dac tinh co cta dong co mot
chiéu kich tir doc 1ap bang mdy dang ? hay viét cac dang phuong trinh

dé6 ? Giai thich cac dai lugng trong phuong trinh va cach xac dinh cac
dai luong d6 ? V€ dang dac tinh co dién va dac tinh co bM,, ?

2. Bon vi tuong doi la gi ? Pon vi twong doi cua cac dai lugng
dién, co cta dong co PM,, dugc xac dinh nhu thé nao ? Viét phuong
trinh dic tinh co & dang don vi tuong d6i ? Y nghia clia viéc st dung
phuong trinh dang don vi tuong doi ?

3. Do cing dac tinh co cia DM, ¢6 biéu thic xac dinh nhu thé
ndo ? Gi4 tri tuong doi clia né ? Biéu thi quan hé giita do ciing véi sai
s6 toc do va dién trd mach phan tng (theo don vi tuong déi). Y nghia
ctia do cung dac tinh co ?

4. Cach v€ dac tinh co ciia PM,, ? Cach xac dinh cac dai luong:
M, ©gos Ogs Lo M, -.. d€ vE dudng dac tinh nay ?

5. C6 nhiing thong s6 nao anh hudng dén dang dac tinh co cla
PM,, ? ho dic tinh co nhan tao khi thay déi thong s6 d6 ? So d6 néi
day, phuong trinh dac tinh, dang ctia cac ho dac tinh nhan tao, nhan
xét vé tng dung cua ching ?

nm? nm

6. Tai sao khi khoi dong DM, thuong phai déng thém dién trd
phu vao mach phan tng dong co ? Cac dong dién khdi dong 16n nhat
va nho nhat khi khoi dong DM, thuong khéng & mitc nao ? V& cac
dac tinh co khi khoi dong DM, v6i 2 cép dién tro khoi dong ?

7. Bong co DM, ¢6 may phuong phdp ham ? Diéu kién dé xay
ra cdc trang thai ham d6 ? So d6 noi day dong co khi thuc hién cic
trang thdi ham ? Ung dung thuc t& ctia cic trang thai ham d6 ? Giai
thich quan hé vé chiéu tic dung cta cdc dai lugng dién va chiéu
truyén nang lugng trong hé & cac trang thdi ham ?

8. Su khdc nhau gitta dong co mot chiéu kich tir n6i ti€p véi
DM, vé cau tao, tir thong, dang dac tinh co, cdc phuong phdp ham ?
C6 nhan xét gi vé dic diém va kha nang tng dung cia DM, , thuc t€ ?
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9. C6 thé bi€u thi phuong trinh dac tinh co cha dong co khong
doéng bo bang nhiing bi€u thic nao ? Viét cac phuong trinh do, giai
thich cdc dai luong va cach xac dinh cac dai lugng dé khi viét phuong
trinh va dung déc tinh co ?

10. Céch v€ dac tinh co tu nhién theo cac s6 liéu dinh miic trong
catalo: dang chinh x4c, dang gin ding va dang tuyén tinh héa ?

11. Biéu thitc x4c dinh do cing dic tinh co ? Biéu thi quan hé
gitta do cung dac tinh co v6i do truot dinh muc va dién trd mach roto
ctia dong co bK ?

12. C6 nhitng thong s6 nao anh hudng dén dang dac tinh co cua
dong co DK ? C4ch noi day dong co DK dé tao ra dic tinh co nhan tao
khi thay déi cdc thong s6 ndy ? Dang cac ho dic tinh co nhan tao va
ting dung thuc t€ cua chiing ?

13. V& cac dang dac tinh co khi khai dong dong co DK hai cap
toc do ? Khi khéi dong dong co DK, cac dai lugng: hé s6 trugt tGi han,
momen t6i han thay déi nhu thé nao ? C4c biéu thiic xdc dinh cac dai
luong d6 ? Thuong moéomen khoi dong 16n nhat ciia dong co DK bing
bao nhiéu momen tGi han ctia dong co ?

14. Bong co BK ¢6 may trang thai ham ? Cach ndi day dong co
dé thuc hién cdc trang thdi ham va diéu kién dé xay ra ham ? Giai
thich quan hé nang luong gitta may san xut (tai ciia dong co) va dong
co & ting trang thdi ham ? Ung dung thuc t& ctia cdc trang thai ham ?

15. Giai thich ¥ nghia cta dac tinh co va dac tinh goac cua dong
co dong bo ? Su phu thudc gitta momen cuc dai cua dong co véi dién
ap luéi ? Momen cuc dai & dac tinh géc cé y nghia nhu thé nao véi
dac tinh co cta dong co PDB ?
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CHUONG 3
PIEU CHINH CAC THONG SO PAU RA CUA
HE THONG TRUYEN PONG PIEN
§ 3.1. KHAI NIEM CHUNG:
3.1.1. Cac dinh nghia:

Hé¢ thong truyén dong dién khong chi 1am nhiém vu bién déi
dién nang thanh co nang, ma con diéu khién qué trinh 1am viéc cha co
céu cong tac theo yéu cau cong nghé ctia may san xudt. Yéu cau cong
nghé c6 thé dugc dam bao néu hé c6 kha nang dit truée cdc thong so
gia cong cho ting cong doan, duy tri cac thong s6 dé v6i mot do chinh
xac nao d6 (nhu toc do, momen, gia toc, vi tri ctia co cau cong tac ...),
cudng buc thay déi cdc gid tri d6 theo y muon, han ché gia tri cua
ching theo muc cho phép clia qua trinh cong nghé hoac theo kha nang
vé do bén, do qua tai clia may.

Cac thong s6 gia cong ndi trén ¢6 lién quan dén momen M va
toc do o ctia dong co dién, c6 cac mai quan hé duogc dinh nghia:

a) Cdc thong so ddu ra hay con goi la thong sé duoc diéu chinh:

b6 1a momen (M), téc do (o) cua dong co, ...

Do M va o 13 2 truc clia mat phang toa do dac tinh co [M, o],
nén viéc diéu chinh ching thuong goi 1a “diéu chinh toa do”.

b) Cdc thong sé dau vao hay con goi la thong sé diéu chinh:

+ Dai v6i dong co dién mot chiéu, thong s6 dau vao 1a dién trd
phan tng R, (hoac R, tir thong @ (hoac dién ap kich tir U,; dong
dién kich tur I,) va dién 4p phan tung U,.

+ Dai v6i dong co dién khong dong b, thong s6 dau vao la dién
tré mach roto R, (hoac R,), dién tré mach stato R,, dién khang stato
X,, dién 4p stato u, vatan so ctia dong dién stato f,.
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+ Dai v6i dong co dién dong bo, thong s6 dau vao la tin s6 cla
dong dién stato f,.

¢) Cdc phan ti diéu khién:
LA céc thiét bi hodc dung cu lam thay déi cdc thong s6 ddu vao.

Chd ¥, ngudi ta thudng goi viéc diéu chinh cac thong s6 dau ra
1a “diéu khién dong co dién”.

3.1.2. Muc dich diéu chinh cac thong s6 dau ra cua dong co:

Tly theo yéu ciu cong nghé ctia mdy san xuat, viéc diéu chinh
M, ® nhiam thuc hién cdc muc dich sau:

+ Dat gia tri lam viéc va duy tri muc dat d6, vi du duy tri toc do
lam viéc khi phu tai thay déi ngiu nhién.

+ Thay déi thong so theo quy luat yéu cau, vi du trong thoi gian
khéi dong va tang toc dong co thang may tir 0 1én dén t6c do on dinh,
momen lic dau phai tang tuyén tuyén tinh theo thoi gian, sau d6 git
khong ddi, va cudi ciing giam tuyén tinh cho dén khi M = M_.

+ Han ché€ thong s6 6 mot mic do cho phép, vi du han ché dong
dién khoi dong I, <1

+ Tao ra mot quy luat chuyén dong cho co cdu cong tic (tic cho
truc dong co) theo quy luat cho trudc & dau vao v6i mot do chinh xac
nao do.

3.1.3. Piéu chinh khong tu dong va diéu chinh tu dong:
a) Piéu chinh khong tu dong:

La viéc thay déi thong s6 dau ra bang céch tdc dong lén thong
s6 dau vao mot cach roi rac. Mdi 1an tic dong ta c6 mot gid tri khong
d6i ctia thong s6 dau vao va tuong tng ta duge mot duong dic tinh co
(nhan tao). Khi dong co lam viéc, cdc nhiéu loan (nhu phu tai thay
déi, dién ap ngudn dao dong, ...) s& tdc dong vao hé, nhung thong so
dau vao van giit khong doi nén diém lam viéc cta dong co chi di
chuyén trén mot dudng dac tinh co.
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Ngudi ta goi dang diéu chinh nay 1a “diéu chinh bang tay” hay
“diéu chinh khong tw dong” hoac “diéu chinh vong hd”. Phuong phép
diéu chinh nay don gian nén van dugc ding trong céc hé truyén dong
dién hién dai, tuy nhién né khong dam bao dugc cdc yéu ciu cao vé
ché& do cong nghé.

b) Diéu chinh tu dong:

Pugc thuc hién nho su thay déi lién tuc cua thong s6 dau vao
theo mitc do sai léch cua thong s6 diu ra so v6i gia tri dinh trudc,
nhim khic phuc do sai léch d6. Nhu vay khi ¢6 tdc dong clia nhiéu
lam 4nh hudng dén thong s6 diu ra, thi thong so ddu vao sé thay déi
va dong co s& c6 mot dudng dic tinh co khac, diém 1am viéc clia dong
co s& dich chuyén tir dudng dac tinh nhan tao nay sang dic tinh nhan
dao khac va vach ra mot dudong dic tinh co ctia hé diéu chinh tu dong.

Vi vay c6 thé dinh nghia: “ddc tinh co ciia hé diéu chinh tu dong
la quy tich cua cdc diém lam viéc ciia dong co trén vo sé cdc ddc tinh
co cua hé diéu chinh vong hd”. Hay con goi 1a “quy dao pha trén toa
do ddc tinh co”.

Viéc thay doi tu dong thong s6 dau vao dugc thuc hién nho
mach phan hoéi, mach nay 14y tin hiéu tir thong s6 dau ra hoic mot
thong s6 nao do6 lién quan dén dau ra, dua tré lai gay tic dong lén
thong s6 dau vao, tao thanh mot hé c6 lién hé kin gilra dau ra va dau
vao. Vi vay nguoi ta goi hé nay la hé “diéu chinh vong kin”. Hé diéu
chinh tu dong tuy phic tap nhung dam bao cac chi tiéu chét lugng
cao.

¢) Nhiéu ciia cdc thong so ddu ra:

Dai véi cac hé truyén dong va dong co dién, c6 hai thong s6 dau
ra chu yéu 1a momen va té¢ do. C6 nhiéu loai nhiéu gay tic dong lén
cdc thong s6 nay nhu dién 4p nguodn, tan s6 ludi dién, nhiét do mol
truong, hé s6 tu cam cta cudn day, ... nhung ta quan tam dén cac tac
dong nhiéu loan cht yéu.

Khi diéu chinh t6¢ do, thong s6 duogc diéu chinh 13 o, thong s6
diéu chinh 12 mot trong cac thong so tao ra dac tinh nhan tao, con chu
yéu 1a phu tdi biéu thi bing momen can M., hodc dong tai ..

Ths. Khuong Céng Minh Gido Trinh: Truyén dong dién Ty dong

Trang 94

Ngugc lai, khi diéu chinh momen hoac dong dién, thong s6
duoc diéu chinh 1a M hodc I, thi nhiéu loan chu yéu lai 1a t6c do ®. Su
anh hudng qua lai gilta hai dai lugng M va ® duogc thé hién béing
duong dac tinh co va phuong trinh ctia né.

§ 3.2. CAC CHI TIEU CHAT LUONG:
3.2.1. Chi tiéu chat luong dong (ché dé qua do):
* Po qua diéu chinh 6, (c,,, < 40% hoic c6 thé nho hon).

* Thoi gian qud do T,, (T4 cang nho cang tot).

* §0 lan dao dong n (n = 2+3 1a tot).

ha®

e
= V N,

x1 U

0 Ty t
Hinh 3-1: Pdc tinh quad do
3.2.2. Chi tiéu chat luong tinh (ché dé xac lap):
3.2.2.1. Sai 56 tinh toc do s% :
La dai luong dac trung cho su chinh xac duy tri toc do dat (o,):

100% = Ao, % = Bl (3-1)

0, —®

s% =
®©,

o - toc do lam viéc thuc cua dong co.
®, - toc do khong tai cia dong co.

Aw, - do sut toc do khi momen tai thay déi M, =0 — M,,.
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Sai s6 nay cang nho, diéu chinh cang chinh xéc, va i tudng ta c6 Khi d6 ta c6 “hé diéu chinh hai ving téc do” va dat dugc dai

hé diéu chinh tuyét doi chinh xdc khi S% = 0. Thuc t&€ ngudi ta phai diéu chinh rong:
thiét k€ cac hé truyén dong di€u chinh c¢6 do chinh xdc ddp dng yéu
ciu cong nghé clia may san xuat, nhu truyén dong chinh cia mdy cat D= Lam  Omax _ D,.D, (3-3)
got kim loai yéu cau S% < 10%, tryuén dong an dao : S% < 5%, ... Opmin Dy
3.2.2.2. Pham vi diéu chinh toc dé D: Gia thiét cdc dac tinh co 1a tuyén tinh, ¢6 do ciing khong déi B,

o va B, = B,, momen tai khong doi M_, sai s6 toc do tung ting s& 1a:

D= Zmec (3-2) " "
@ min 8,% =—<—100%; s,%=—"2"100% (3-4)

D cang 16n cang t6t. Tuy nhién, gid tri o, bi han ché boi do T o
bén co hoc cuia dong co, boi diéu kién chuyén mach. Toc do o, bi Néu goi boi s6 momen khai dong 1a K, , = M, /M., thi:
chan boi yéu cdu vé momen khoi dong, vé kha nang qua tai va vé sai

56 t0c 40 lam viec cho phép. $,% = ——.100%; hay s,% = [1 ~ ) 100%  (3-5)
* Vi dy trén hinh 3-2: K im2 @
Mc' Kan
® = 0, =(1- sz)-B— (3-6)
W, 2
o N Ao, Qua (3-6) ta thdy dugc quan hé giita D, s%, B va K.
" <P Theo kha ning qu4 tai, ta c6 thé xac dinh pham vi diéu chinh:
D — O)max — (Btn _1) . B;in (3_7)
O‘)min (Bmin - 1) Btn
/B2 Trong do: Bmin = th'Mdm / @ 5 B:nin = th 5 th = Mnm.min / Mdm
M, M., M 3.2.3. B¢ tron diéu chinh toc do ¢ :

. La su chénh léch giita 2 cap toc do lién nhau:
Hinh 3-2: Xdc dinh pham vi diéu chinh 4 St CHENTL TCh gltd = cap 1o €0 feh ihau

.

Ciing c6 trudng hop ph6i hop hai phuong phép diéu chinh téc do o="= (3-8)
dong co bang dién nhu: thay doi dién dp phan ting dong co mot chiéu i
s& diéu chinh t6c do tlr ®,,;, dén ®,,,, va phuong phip thay doi tir thong Trong d6: @, - 1a t6¢ do 6n dinh dat dugc & cdp i.

kich tir thi di€u chinh téc do tir ®,, dén ®,,,. o . .
,,,- 1a toc do on dinh dat duoc o cap ke ti€p (i+1).
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Hé s6 ¢ cang nhd cang tot, ly tudng 1a @ — 1: d6 1a hé diéu
chinh vo cép. Con hé diéu chinh c6 cap néu: ¢ # 1.

3.2.4. Su phu hop giita ddc tinh diéu chinh va ddc tinh tai:

V6i cac dong co thi ch€ do 1lam viéc toi wu thuong 1a ché do dinh
miic clia dong co. Dé sir dung t6t dong co khi diéu chinh t6c do can
luu y dén cac chi tiéu nhu: dong dién dong co khong vuot qua dong
dinh mic cta né, ddm bao kha nang qué tai vé momen (trong khoang
thoi gian ngén), dam bao yéu cdu vé on dinh tinh khi ¢6 nhiéu v.v...
trong toan giai diéu chinh.

Vi vay khi thiét k€ hé truyén dong c6 diéu chinh toc do, nguoi ta
thudng chon hé truyén dong ciing nhu phuong phéap diéu chinh, sao
cho dic tinh di€u chinh ctia hé bam sét yéu cdu dac tinh cla tai. Néu
ddm bao duogc diéu kién ndy thi tén that trong qué trinh diéu chinh s&
nho nhét.

3.2.5. Chi tiéu kinh té:

Nhiéu trudng hop, chi tiéu kinh t€ 1a chi tiéu quyét dinh su lua
chon phuong 4n truyén dong. Hé truyén dong dién di€u chinh téc do
cén dat ¢6 von dau tu thap, gid thanh ha, chi phi van hanh, bao quan,
stra chifa it, dac biét 1a ton that nang luong khi diéu chinh va van hanh
nho. Ning suit cia mdy san xuat do hé diéu chinh mang lai.

Tén that nang lugng bao gém t6n that nhiét va tén that co:
AW = AW, + AW,
o 4 (3-9)
= J.Jz.(co0 —o)do + IMC.(mO —)dt

ol 4

Viéc tinh todn cu thé cédc chi tiéu lién quan néu trén sé cho thay
hiéu qua kinh t€, thoi gian hoan von va lgi ich nho viéc st dung hé
diéu chinh da chon. Thudng ngudi ta can cit cac chi tiéu ky thuat dé dé
xuat vai phuong 4n diéu chinh, sau d6 tinh todn kinh t€ dé so sianh
hiéu qua va quyét dinh chon hé théng hoac phuong phép di€u chinh
thong s6 diu ra ctia dong co.
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§ 3.3. CAC PHUGNG PHAP PIEU CHINH TOC PO PONG CO

PIEN MOT CHIEU BANG THAY POI THONG SO:
3.3.1. Phuong Phép diéu chinh téc do PM,, bang cach
thay doi dién tré phu trong mach phan tng:
T phuong trinh dic tinh co tdng quat:
U, R,+Ry

w=—" 5
K¢  (K¢)
Ta thdy rang khi thay d6i R, thi @, = const cdn A® thay ddi, vi

vay ta sé dugc cdc dudng dic tinh diéu chinh ¢6 cing w, va doc dan
khi R ; cang 16n, véi tai nhu nhau thi toéc do cang thap (hinh 3-3):

(3-10)

+ U -
g€ Yy —> o

t R

Ck E, Kef

I

kt
Ruf
(D
L

Hinh 3-3: a) So dé diéu chinh téc do DM, bang cdch thay doi R,;.
b) Ddc tinh diéu chinh toc dp PM,, bang cdch thay doi R,;.

Nhu vay: 0 <Ry <R, <... thi ®,, > ®, > ®, > ..., nhung néu
ta tang R ; d€n mot gia tri nao do6 thi s€é lam cho M < M, va nhu thé
dong co sé khong quay dugc va dong co lam viéc & ché€ do ngian mach,
o = 0. T ldc nay, ta ¢6 thay déi R, thi t6c do van bang khong, nghia
1a khong diéu chinh t6¢c do dong co dugc nita, do d6 phuong phép diéu
chinh nay 1a phuong phép diéu chinh khong triét dé.
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3.3.2. Phuong phap diéu chinh toc do PM,, bang cach
thay doi tir thong kich tir cia dong co:
Tur phuong trinh dic tinh co téng quat:
UU RUZ

LY
“TKo (Ko (3-11)
S0=0,-Ao

Ta thay rang khi thay déi ¢ thi o, vd A déu thay ddi, vi vay ta
s€ duoc cac duong dac tinh dieu chinh déc dan (do cing B cang giam)
va cao hon dac tinh co tu nhién khi ¢ cang nho, véi tai nhu nhau thi
toc do cang cao khi giam tur thong ¢ (hinh 3-4):

Q+
e
g

e, 8
2/ 8

Ckt Ry
ﬁw-%— O]

a) b)

Hinh 3-4:
a) So doé diéu chinh toc do PM , bdng cdch thay doi §.
b) Ddc tinh diéu chinh téc do PM , bdang cdch thay doi @.

Nhu vay: ¢4, > 0, > ¢, > ... thi 04, < ®, < ®, <... , nhung néu
giam ¢ qud nho thi c6 thé 1am cho t6c do dong co 16n qua gisi han
cho phép, hoic 1am cho diéu kién chuyén mach bi x4u di do dong
phan ting tang cao, hodc dé dam bao chuyén mach binh thudng thi can
phai giam dong phan tng va nhu vay s€ lam cho momen cho phép trén
truc dong co giam nhanh, dan dén dong co bi qua tai.

Ths. Khuong Cong Minh Gido Trinh: Truyén dong dién Tu dong

Trang 100

3.3.3. Phuong phap diéu chinh toc d0 PM,, bang cach
thay doi dién ap phan dng cua dong co:
T phuong trinh dic tinh co tdng quat:
U, R

=Ko Koy (3-12)

S0=0,-Ao

Ta thdy ring khi thay déi U, thi o, thay doi con Ao = const, vi
vay ta s& dugc ciac duong dac tinh diéu chinh song song véi nhau.
Nhung muon thay d6i U, thi phdi c6 bo nguon mot chiéu thay doéi
duoc dién 4p ra, thudng dung cdc bo bien déi (hinh 3-5):

AN

Dodam

W udm
Q;  U,>0

\C‘)z

a) b)

Hinh 3-5: a) So do diéu chinh téc do PM , bang cdch thay doi U,
b) Ddc tinh diéu chinh toc do PM , bdng cdch thay doi U,

Cac bo bién déi c6 thé 1a: Bo bién doi mdy dién: dung mdy phat
dién mot chiéu (F), mdy dién khuéch dai (MDKD); B¢ bién doi tir:
khuéch dai tir (KDT) mot pha, ba pha; B bién doi dién tir - ban dan:
cac bo chinh Iuu (CL) dung tiristor, cac bo bam dién ap (BDA) dung
tiristor, transistor, ...
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* Vidu 3-1:
Cho DM, ¢6 céc thong so:
P,,=29KW; U, =220V; I, =151A; n,, = 1000vg/ph;
R,=0,07Q; va h¢ s6 qud tal K, = 2.
Hay xédc dinh t6c do cuc ti€éu va dai diéu chinh theo kha niang
qua tai yéu cau ?
bién trd dinh mic cua dong co:
R, =U,, /I, =220V /151A = 1,450
Gia tri tuong duong cta dién tré phan Gng:
R, =R, /R, =0,07Q /1,45Q = 0,048
Do ciing dic tinh co tu nhién: B," = 1/R, = 20,8
Do cing dac tinh co thip nhét: B, =K, =2

Gia tri twong doi cua toc do cuc dai (tic toc do dinh muc cta
dong co) s€ la:

max — Omax ==—=1 *=1'Ru*
®, 1, p
=1-0,048 =0,0952
Toc do khong tai 1y tudng:
0 = Ban _ 1000vg/ph —1050vg/ph

““nl. 00952
Gia tri tuong d6i cta toc do cuc tiéu:
n. =m. =1- 1 :1_120,5
2

min min B
min
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Vay toc do quay cuc tiéu cta dong co la:

n,. =n_n,=0,5.1050vg/ph=525vg/ph

Tur gid tri cta toc do cuc dai va toc do cuc tiéu, ta rit ra pham vi
diéu chinh toc do:
n,. 1000
n_. 525

min

Tir bi€u thic (3-7) thay B, = K, = 2; B, = 20,8; ta cling dugc
kétqua D =1,9.

1,9

OA
(QN) B
t
0dm <l
0) .
min /Bmin
0 M Mc.max = Mnm.min 1\{

dm

Hinh 3-6: So do gidi thich vé pham vi diéu chinh téc do
theo khd ndng qud tdi yéu cdu

Qua vi du trén ta thdy pham vi di€u chinh nhu vay 1a rat hep.

Tuy nhién, néu xét theo yéu ciu vé sai s6 toc do cho phép thi dal
diéu chinh con hep hon nita hodc tham chi con khong thé diéu chinh
dugc toc do. Thuc vay, ta biét:

s% = A(DC* = R*uz

N * *
Opin = O - O ¢, 5 VA Omn=1-s%=1-R 3

Néu s%,, = 10% thi D = 1,05 = 1, nghia la hau nhu khong thé
diéu chinh duoc.
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§ 3.4. CAC PHUGNG PHAP PIEU CHINH TOC PO PONG CO

KHONG PONG BO BANG THAY POI THONG SO:
3.4.1. Van deé diéu chinh toc do dong co PK:

bong co DK, dugc st dung rong rii trong thuc t€. Uu diém néi
bat ctia n6 la: cdu tao don gian, lam viéc tin cdy, von dau tu it, gid
thanh ha, trong luong, kich thuéc nho hon khi dung cong suét dinh
muc so v6i dong co mot chiéu.

Str dung truc ti€p ludi dién xoay chiéu 3 pha...

Tuy nhién, viéc di€u chinh t6c do va khdng ché cac qua trinh
qué do kho khan hon, cidc dong co DK 16ng séc ¢6 cac chi tieu khoi
dong x4u, (dong khai dong 16n, momen khoi dong nho).

Trong thoi gian gan day, do phdt trién cong nghiép ché tao ban
dan cong sudt va k§ thuat dién tin hoc, dong co PK méi duoc khai
thac cac wu diém cta ching. N6 trd thanh hé truyén dong canh tranh
c6 hiéu qua so v6i hé Tiristor - Pong co dién mot chiéu.

Qua phuong trinh dac tinh co ctia dong co DK:

M = 2M,, (I+as,) (3-13)
i+S#h+2asth
Sy S
Trong d6: s, ==+ Ry (3-14)
R} +X2,
3.U;,
Va: M, == L (3-15)
" 20, R £ R2X2,
5, =4 (3-16)
R} +X?
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Qua biéu thic (3-13), (3-14), (3-15), (3-16) ta thdy riang khi
thay déi cdc thong so dién trd, dién khdng, dién dp, tdn so, s6 doi cuc
thi s& thay déi duoc s,, M,, va s& diéu chinh duogc téc do clia dong co
bK.

3.4.2. Diéu chinh toc do dong co PK bang cach
thay déi dién tré phu mach roto (R,):

Qua cdc biéu thiic (3-14), (3-15), khi thay ddi dién trd phu trong

mach roto dong co DK sé lam cho s, thay ddi ty 1é con M,, thi khong

thay déi, vi vay sé thay déi duoc toc do o clia dong co DK nhu trén
hinh 3-6:

a) b)

Hinh 3-6: a) So do diéu chinh toc do.
b) Cdc ddc tinh diéu chinh toc dé dong co PK

* Nguyén ly diéu chinh: khi thay déi R,; v6i cdc gia tri khdc
nhau, thi s, s&€ thay doi ty 1&, con™ M,, = const, ta s& dugc mot ho dic
tinh co c6 chung o,, M, c6 toc do khac nhau va c6 cac téc do lam
viéc xdc lap tuong tng.

Qua hinh 3-6,tacé: M, = const
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Va: 0<Ry <R)p<... <Ry <.
St < St < Sz < vve < Spie < -
Aoy < Ao < Aoy < ... < Ao < ...
OpN> 0 >0,> ... >0 > ...

Nhu vay, khi cho R, cang 16n dé diéu chinh t6¢ do cang nho, thi
do cung dac tinh co cang doc, sai sO tinh cang 16n, toc do lam viéc
cang kém 6n dinh, tham chi khi R,; = R,;,, d4n dén M, = M, cho dong
co khong quay duoc (o = 0).

Va khi thay déi cdc gid tri R,;; > R, thi t6c do dong co van
bing khong (w = 0), nghia 1a khong diéu chinh duoc téc do, hay con
goi 12 diéu chinh khong triét dé.

* Cdc chi tiéu chdt luong ctia phuong phdp:

Phuong phép nay c¢6 sai so tinh 16n, nhat 1a khi diéu chinh cang
sau thi s% cang 16n, c6 thé s% > s%,,.

Pham vi diéu chinh hep (thudong D =2 +3).
Do tinh khi di€u chinh: ¢ # 1 (diéu chinh cé cap).
Ving diéu chinh duéi téc do dinh muc (o < ®,,,).

Phut hop v6i phu tai thé nang, vi khi diéu chinh ma giit dong
dién roto khong doi thi momen ciing khong déi (M ~ M,).

* Uu: Phuong phdp thay ddi dién tr& phu mach roto dé diéu
chinh t6¢c do dong co PK nhu trén ¢6 uu diém 1a don gian, ré tién, dé
diéu chinh téc do dong co. Hay dung di€u chinh t6c do cho cic phu
tal dang th€ nang (M, = const).

* Nhuoc diém: Tuy nhién, phuong phdp nay ciing c6 nhuogc
diém 1a diéu chinh khong triét dé; khi diéu chinh cang sau thi sai so
tinh cang 16n; pham vi di€u chinh hep, di€u chinh trong mach roto,
dong roto 16n nén phai thay doéi timg cap dién trd phu, cong suat diéu
chinh 16n, t6n hao niang luong trong qud trinh diéu chinh I6n.
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Mic du vay, phuong phdp nay thudng duoc dp dung cho diéu
chinh téc do ciac dong co DK truyén dong cho cidc mdy nang - van
chuyén c6 yéu ciu diéu chinh t6¢c do khong cao. Mudn nang cao cic
chi tiéu chét luong thi dung phuong phap “ xung dién trg ™.

3.4.3. Diéu chinh téc do DK bing cach thay déi dién ap stato (u,):

Momen dong co DK ti 1& v6i binh phuong dién dp stato, nén c6
thé diéu chinh momen va toc do dong co DK béng cach thay déi dién
dp stato va gii tdn s6 khong d6i nhd bo bién déi dién dp xoay chiéu
(PAXC) nhu hinh 3-7:

~

T T T ¥ TN’ Uams sz =0
U, ® /o d/GH, u, R, #0

th.TN
Lfl ’ ub M [-=-===

@ SN
i

I 1 1
1 1 !
1 1 :
I M) | |
IR .
0 M, My, M, M
)

b)

Hinh 3-7: a) So do diéu chinh toc dé dlc DK bang u,,,.
b) Cdc ddc tinh diéu chinh bang u.,,,, d/lc DK

Uy, < Ugp

Uy, < Uy,

a

stato

Néu coi bd DPAXC 1a nguén 1i tudng (Z, = 0), khi u, # u,, thi
momen t6i han M, , ti 1& v6i binh phuong dién ap, con s, , = const:

2
u ¥

_ b | _ 2

M, = Mth.gh(u ] =M, .u,

1

(3-17)

Sthu = Sthgn = CONSL
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Dé cai thién dang dac tinh diéu chinh va giam b6t mic phat
néng cta dong co, ngudi ta mic thém dién trd R, (hinh 3-7). Khi dé,
néu dién ap dat vao stato 1a dinh mic (u, = u,) thi ta duoc dac tinh
mém hon dic tinh tu nhién, goi 1a dic tinh giGi han.

R, +R,;

RO rang la: Sthgh =St R— ; Mg =M, (3-18)
2

Trong d6: M, 4 Singn 12 mOmen va hé s6 truot t6i han cta dac
tinh gi6i han (d/tGH).
M,,, s, 1a momen va hé s6 truot t6i han ctia dac tinh tu nhién.
Dua vao dac tinh giéi han M (s), va néu o = const, ta suy ra dac
tinh diéu chinh ting véi gia tri u, cho truéc nhd quan hé:
M

M, =u.; ij:M“ (3-19)
gh

Dac tinh diéu chinh trong trudng hop nay nhu hinh 3-7b.

Phuong phdp diéu chinh dién dp chi thich hop véi truyén dong
ma momen tai 1a ham tang theo t6c do nhu: may bom, quat gio, ... Co
thé dung mdy bién 4p tu ngiu, dién khang, hoidc bo bién déi ban dan
lam b DAXC cho dong co DK.

3.4.4. Piéu chinh t6c do PK bing cach thay doi so doi cuc (p):
Theo quan hé¢:

2pf, (1-s)

0=0,1-s)= (3-20)

Trong d6: f, 1a tn s6 ludi dién, p 1a s6 doi cuc.

Vay, thay d6i s6 doi cuc p, s& diéu chinh dugc w, va s& diéu
chinh dugc . Dé c6 thé thay déi duoc s6 doi cuc p, ngudi ta phai ché
tao nhitng dong co DK dic biét, c6 céc t6 day quan stato khac nhau dé
tao ra duoc p khac nhau, goi 1a mdy da toc.
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Vi du ta ¢c6 mot t6 noi day stato (1 pha) gom 2 doan, méi doan
la mot phan tir nhu hinh 3-8. Néu ta dau ndi ti€p 2 doan d6 thuan cuc
nhau (danh dau * trén hinh v€), thi do duong stc tir phan bd trén nhu
trén hinh 3-8a, nén s6 cuc s€ 1a4 vap = 2.

N2 S [N [ S |N/2 S N S N
CRPOEEIPH® OCRROEROOD CORPOEEED
*k %k *k ES & &

| £ )

a)p =2, w, b)p=1; 2w, c)p=1; 2w,

Hinh 3-8: Thay doi so’ doi cuc bang déi noi to ddy qudn

Nhu vay, bang cdch déi noi don gian cac t6 day quan, ta da diéu
chinh duoc toc do: tir o, & so d6 3-8a thanh 1én 2m, nhu & so d6 3-8b,
c; va diéu chinh duoc toc do @ cua dong co DK.

Thuc t€, cdc dong co DK da t6c do thudng gap 1a déi noi theo
hai cach: hinh sao < sao kép (Y < YY) va tam gidac < sao kép (A
< NY). So d6 doi noi dude gidi thiéu trén hinh 3-9:

>

b) Tam giac a) Sao don ¢) Sao kép
Hinh 3-9: Doi néi ddy qudn stato dong co DK
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Khi n6i A hoic Y, hai doan day quan mdi pha dugc dau ndi ti€p
thuan cuc giong nhu trén hinh 3-9a, nén ta gia thi¢t khi d6 p = 2 va
tuong tng toc do dong bo 1a ®,. Khi ddi n6i thanh'" | céc doan day
s€ noi song song ngugc cuc giong nhu hinh 3-9¢, nén p = 1, téc do
dong bo tang gap dd1 (o, =2w,).

Dé dung cdc dic tinh diéu chinh, ta cin xac dinh c4 tri s6 M, s,,
va ®, cho tung cach noi day.

Dai véi truong hop A = Y¢ ta c6 cac quan hé khi ndi A, hai
doan day stato ddu noi ti€p, nén:
R, =2r; X, =2x,
2X

(3-21)
R, =2r;X,=2x,; X

Trong d6: ry, 1,, X,, X, 12 dién trd va dién khang moi doan day
stato va roto.

Dién 4p trén day quan méi pha la U,, =+/3.U,. Do d6:

R,,
Stha = , = (3-22)
\/Rle + (X +X2A)2 \/rlz + szlm
Moo 36BUy o 9u . 323)
h.
o 20) lRlA_ R}, +X2 J 4w lrl +417 +ximJ
Néu d6i thanh YY thi:
1 1 1 1
Ry :Erﬁxm :EX1;R2W :Erz;sz :Exz (3-24)

Con dién dp trén day quan moi pha l1a: Uy, = U,. Vi vay:
R, B '
\/RleY + Xy +X'2w )2 \/r12 +X121m
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3(+/3.U,) 9U’
Moy = 2 ol f T2 |
20,y |_le + \/Rm + X v J 4o, |_rl + \/r] + xnmJ
(3-26)
So sanh (3-62) véi (3-59) ta thay:
Muw _2 (3-27)
Mth.A 3

Nhu vay, khi déi noi A =¥, t6c do khong tai 1y tudng tang
lén 2 14n ¢w, = W), do truot t6i han khong déi (gid tri twong doi),
cdn momen tGi han giam méat 1/3 1an. Pac tinh diéu chinh ¢6 dang nhu
trén hinh 3-10a.

A OA
W, w W w

th th¥

/’. /’.

(VUN 1 W,y y :
‘/\{\ SthA ™ 1 ®SthY

— oo
0 Mc.cpw lvlc.cpA M[hW MlhA M 0 M MthY MthA M

Hinh 3-10: Cdc ddc tinh diéu chinh toc dé khi doi noi
dady qudn stato A= NYva Y = Y
D6i v6i trudong hop doi ndi Y =YY ta ciing suy luan tuong tu.
Khi néi Y, cac doan day dau noi ti€p va U,y = U,, nén:

rz'
Stha =T 55—
VI +X
1 nm (3-28)
Mo - 3U .
" 4030|_r14_r1/r12+ximj
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So sdnh (3-28) v6i cac biéu thifc twong tng cuia so d6 sao kép la
(3-25) va (3-26) ta duoc:

1
Sy = Smw > MthY =§Mthw (3-29)

Nhu vay, khi d6i noi Y = Y , toc do khong tdi ly tudng va
momen téi han tang gap doi, con hé s6 truot téi han van gilt nguyén
gia tri tuong doi cua né (hinh 3-10b).

Dé x4c dinh phu tai cho phép khi diéu chinh toc do, xudt phat tir
gid tri cong sudt roi suy ra momen. Tir biéu thifc clia cong suat, ta co:

Khi néi A:

P, ., =3v3U L, cos@,m, (3-30)
Khi nai ¥

Py =3V3U Ly, cOSQ 41 (3-31)
Dods: caw _2605Qwnw ) (3-32)

Pc.cpA '\/g Cos (pAnA

Thuc t€ cho phép coi P, ,n = P_ % , vi hé¢ s0 cong suat va hi¢u
suat khi n6i A cao hon khi n6i Y . D6 1a do khi n6i YY , dién ap dat
lén timg doan day quan 16n hon khi noi A, nén dong tir hda tang mot
cach vo ich:

Tir (3-32) ta suy ra quan hé cia momen tai cho phép:

Mc.ch ~ Pc.cpw /('OOW ~ O,y :l (3_33)
McAcpA P

c.cpA /moA (’Oo 2

Nhu vay, khi doi n6i A=>YY , momen phu tai cho phép cia
dong co giam di hai 1an, con cong sudt cho phép thi dugc gitt khong
déi (P,, = const). Diéu d6 ching to phuong phap déi ndi nay phi hop
vGi nhitng may ¢6 momen tai ty 1& nghich véi toc do.
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Néu dat: & = M,/M,, thi tir (3-27) va (3-32) ta théy:
A MY /MY 4
~ th .cp _ (3_34)
A, M,/M

c.cpA

Nghia 1a khi d6i n6i A =YY , kha niang qu4 tai clia dong co tang
1én 4/3 lan.

Néu céac doan day noi hinh Y, thi:
Pc.cpY = 3[JIII(’Im Cos (pYnY (3'35)
So sanh véi truong hgp noi YY [xem (3-31)] ta c6:

P :200qu n

~2 (3-36)
Pc.cpY \/ECOS(PYTIY
M P._./®

Vi, W o W OW (3-37)
McAcpY Pc.cpY /(’OOY

Nhu vay, khi déi n6i Y = Y¢ , momen tai cho phép ctia dong co
duoc giit khong déi, con cong suat cho phép thi ting 2 1an. Piéu d6 c6
nghia I1a phuong phap ddi néi nay phit hop v6i nhitng mdy c6 momen
tai khong doi (M, = const).

Tir (3-37) va (3-29) ta tim dugc quan hé cua hé s qua tai A:

7\'W M th ¥ / M

~ W —D (3-38)
Ay M, /M

c.cpY

Nghia 1a khi d6i n6i Y =Y |, kha niang qud tai ctia dong co
tang 1én 2 lan.

+ Uu diém cta phuong phdp diéu chinh t6c do dong co DK
bing cach thay déi s6 doi cuc 1a thiét bi don gian, ré tién, cdc dic tinh
co déu ciing va kha nang diéu chinh triét dé (diéu chinh ca t6c do
khong tai 1y tudng).
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Nho cac dac tinh co ctiing, nén do chinh xac duy tri toc do cao
va ton thét trugt khi diéu chinh thuc t€ khong déng ké.

+ Nhuoc diém 16n cua phuong phap nay la ¢6 do tinh kém, giai
diéu chinh khong rong va kich thuéc dong co 16n.

3.4.5. Diéu chinh toc do DK bang cach thay déi tan sé (f)):
3.4.5.1. Vidn dé thay déi tdn sé ctia dién dp stato:

Vé nguyén ly, khi thay déi tan so6 f, thi o, = 2pf,/p s& thay déi
va sé diéu chinh dugc toc do dong co PK. Nhung khi thay doi f, #
f,4, thi ¢6 thé anh hudng dén ché€ do 1am viéc cuia dong co.

Gia st mach stato:
E, = c®f, (3-39)

Trong d6: E, 1a sdd cam tng trong cudn day stato, @ 1a tir thong
moc vong qua cudn day stato, ¢ 1a hiang so ti 1€, f, 12 tdn s6 cua dong
dién stato.

Néu bo qua su sut 4p trén téng trd cudn day stato thi ta c6:
U, ~E, =~ cOf, (3-40)

Qua (3-45) ta thay: néu thay déi f; ma giit U, = const thi @ s&
thay dai theo.

+ Vi du: khi giam f, < f,,, dé diéu chinh téc do ® < o,, ma gift
U, = E, = c®f, = const thi theo (3-40), tir thong @ s€ tang 1én, mach tu
dong co s€ bi bao hoa, dién khang mach tr giam xudng va dong tr héa
s€ tang 1én lam cho dong co qua tai vé tir, lam phat néng dong co,
giam tudi tho cuia dong co, tham chi néu néng qud nhiét do cho phép
cua dong co thi dong co c6 thé bi chay.

+ Con khi tang f, > f,,, néu gitt U, = E, = c®f, = const va phu
tai M_ = const, ma khi lam viéc, méomen M =~ K®I,cos¢ = M, = const.
Vay khi tang f, > f,,,, s€ lam cho @ giam, dan dén dong I, tang, nghia
la dong co s€ bi qua tai vé dong, né ciing bi phat néng lam xau ché do
lam viéc cua dong co hoac bi chay.
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Vi vay, khi thay ~ U, fign

déi tan s6 f, dé diéu
chinh téc do thi nguoi
ta thuong két hop thay
déi dién 4p stato u,. Va
nguoi ta thuong dung
bo bién déi tan s6 (BT)
dé diéu khién toc do
dong co DK nhu hinh
3-11.

Hinh 3-11: hé BT - DK

3.4.5.2. Quy ludt diéu chinh dién dp stato khi thay doi tin so:

Hinh 3-12, x4c dinh kha nang qué tai vé momen khi diéu chinh
tan so: f, < f,4,.

boi  v6i
hé dung bién tan
nguodn ap thuong
c6 yéu cau giir
cho kha nang
qua tai  vé
momen la
khong déi trong
ca pham vi diéu
chinh toc do. Hinh 3-12: Xdc dinh khd ndng

qud tdi vé momen

Nghia la:
A =—™m—const (3-41)
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Néu bd qua dién trd day quan stato (R, = 0) thi tir (3-41):

2 2 2
b= U 5 E‘ zKU—zl (3-42)
20, X, o 2T 1 f,

p nm

Trong do, coi: X, = oL; va ® = o, = 2xf,/p.
Quan h¢ M, = f(o):
o ) £
Mc = Mc.dm( ] ~ A[_lj (3'43)

Oy f14m

Trong do: q=-1,0,1,2
Theo (3-41), (3-42), (3-43) ta cé:

q
U Uiy (f_] (3.44)
f1 f1 .dm f1 .dm
Suy ra:
g9

(1+5
U, z( f, ] VGiq=-1,0,1,2;  (3-45)
Ul.dm fl-dm

Hay & dang tuong doi:

K
ur = fl*(l ZJ ; (9=-1,0,1,2) (3-46)

Nhu vay, khi thay doi tan s6 dé diéu chinh t6c do dong co PK,
ta phai thay d6i dién 4p sao cho dam bdo diéu kién (3-41), nhung lai
phu thuodc vao cac dang phu tai.

3.4.5.3. Cdc ddc tinh diéu chinh tan so6 va dién dp stato:

Ciac dang dic tinh co khi thay ddi tin s6 va dién 4p stato véi cdc
phu tai khac nhau (hinh 3-13):
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©A /M () ©A £, <1},
W, flam <1} w,, W, /
wodm wodm _w\d\ fldm
w,, f12 < f]dm Wy, _\(}JW/ f12 < fldm
S 1Y
[ : Mth (D) :
1 1 1
2
0 MyMaM,M 0 M M, M
a) b)
OA M. (®)
w,, /fldm <fy
wodm fldm
w,, f12 <figm
L:_:_IMth((D)
!
L 2
0 MyMyM, M 0 MMM, M
c) d)

Hinh 3-13: Ddc tinh co khi diéu chinh tan s6 va dién dp theo
qui ludt 1,, = const vdi cdc phu tdi khdc nhau:

Trén hinh 3-13a, khi phu tai M, = I/o (q = -1) thi diéu chinh tdn
s0 va dién 4p stato theo qui luat:
1

1/2
1

Trén hinh 3-13b, khi phu tai M, = const (q = 0) thi di€u chinh
tan s6 va dién 4p stato theo qui luat:
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& = const (3-48)

1

Trén hinh 3-13c, khi phu tai M, = const (q = 1) thi diéu chinh
tan s6 va dién ap stato theo qui luat:

L = const (3-49)

Trén hinh 3-13d, khi phu tai M, = const (q = 2) thi di€u chinh
tan s6 va dién 4p stato theo qui luat:

% = const (3-50)

1

§ 3.5. PIEU CHINH TU PONG TOC PO PONG CO BANG

CACH THAY POI THONG SO THONG SO PAU RA:
3.5.1. Nguyén ly chung:

D€ cai thién céc chi tiéu chat luong clia hé thong truyén dong
dién di€u chinh, nguoi ta thuong thuc hién cdc phuong phdp diéu
chinh tu dong, tao ra kha niang bién doi thong s6 diéu chinh (thong so
ddu vao X,,) mot cich lién tuc theo miic do thay déi cua thong so
dugc diéu chinh & diu ra (dai lugng X). Mudn vay, ta phai thiét 1ap hé
diéu chinh vong kin, 1ay tin hiéu phan hoi tir dau ra truc tiép ti 1& véi
dai lugng X hodc gian ti€p qua cac dai luong lién quan dén X, cho tac
dong lén thong s6 dau vao, lam cho thong so6 nay thay déi tu dong
theo chiéu hudng dua dai luong X dat dén gid tri dat trude.

CAu tric chung cta hé diéu chinh tu dong vong kin nhu trén
hinh 3-14. Céc tin hiéu diéu khién & dau vao thudng la dién 4p: U, -
tin hiéu dat, ty 1& véi gid tri dat cua thong s6 duoc di€u chinh: téc do
o, (Uy = 0y); U, - tin hiéu phan hoi, ty 1& véi gid tri thyc cua thong s6
dugc diéu chinh (U, = w); AU = U, - tin hiéu sai léch, phan dnh
muc do sai léch gilra gia tri thuc ctia thong s6 ra ® véi gid tri mong
muon da dat truée o,.
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U, chinh la tin hiéu dung dé diéu khién phan tir diéu chinh PCh
sao cho thong s6 ciia né tu dong thay déi, va taic dong vao dong co dé
du lam cho gi4 tri o tién dén w,, d6 chinh 1a tu dong 6n dinh t6c do.

Ud Udk

PCh —p D '

ph

PH |¢——

Hinh 3-14: Hé diéu chinh tu dong vong kin

On dinh t6c do trong hé diéu chinh tu dong truyén dong dién ¢
y nghia rdt 16n trong viéc cai thién cac chi tiéu chat luong ctia hé
TPDTD. Thuong tang do cing dic tinh co dé 6n dinh toc do bang
cach diing hé thong diéu khién vong kin.

Céc dac tinh co hé hd c6 B = (k¢)*/R khong déi trong pham vi
di€u chinh. D6i véi dac tinh co thap nhét ¢6 s.d.d. E,, néu M, = M,
thi toc do lam viéc s& 1a ® = o, va sai s6 tinh thudong s& 16n hon gia
tri cho phép:

min

5=

= =—>S (3-51)
B'(’OOmin

cp

bé S <'S,, thi can tim bién phdp tang t6c do dén o = . Piém
lam viéc [®,;,, My,,] d3 nam trén dic tinh khac cta hé ¢6 o, = ), va
E,, = kdoy, > Ey,. N6i diém (mg,,;,, 0) v6i diém (o,,,, M,,,) va kéo dai
ra ta dugc dac tinh mong muon c6 do cing 3, va:
M
O =04 —B— (3-52)

Gia tri B,, dugc xéc dinh theo cong thic:

min?®
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Mo <S (3-53)

cp

S =

bm : (DOmin

Giao diém cita dic tinh co mong mudn véi cic dic tinh hé hé

cho biét cac gid tri cin thiét ctia E, khi thay d6i momen tai. Pac tinh
nay dugc dung & goc dudi bén trai cua hinh 3-14.

Q)]
0)(00:1' il B
E "'*E.bo’ ’ Ebl -Ebz
b0 ,
E, 0 M M, ()
E, (M)
M, (I)

Hinh 3-15: Pdic tinh co ciia hé bo Bién doi - Dong co

3.5.2. Piéu chinh tu dong toc do theo dong dién tai:

Qua hinh 3-15, dé nang do ciing lén B, ta c6 thé diéu chinh E,
theo dong dién tai. Tai giao diém cta dic tinh co hé hd va hé kin
(mong muon) thi toc do va momen c6 gia tri nhu nhau nén:

E, M M ,
=@, -—=E, =E_ +k,I (3-54)
k¢dm B 0 b b0 d

Bm

Trong d6: E,, =ké ,.0,; k,=(ko m)z(%_BL) : (3-55)
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Nguyén 1y diéu chinh (3-54) c6 thé dugc thuc hién bing mach
phan hoi duong dong dién phan tng nhu trén hinh 3-16a.

; I ® B.>0
By=o0
Ui Yul BD | R {
+ < p- B,<0
U B LM
a) b)

Hinh 3-16: So do va ddc tinh phdn hoi duong dong dién tdi

Theo so do 3-16, ta c6:

E, = k,(U, + R,]) (2-56)
k, U, R+(1-k,)R,

o = ; I (2-57)
k(l)dm k(l)dm

Trong d6: U, - dién ap dat toc do,
U, =Rl - dién dp phan hoi dong dién,
R, - dién trd sun trong mach phan tng.
So sanh (3-56) véi (3-54) ta co:
E,=k,.Us; K,=k,.R, (2-58)

Né&u chon: k,.R, = (R + R)) thi 5, = oo, ta duoc dac tinh co cliing
tuyét doi. Néu k,.R, > (R + R,) thi dac tinh co mong mudn sé c6 do
cing duong, va dong co 1am viéc s& khong 6n dinh. Trong trudng hop
biét trudc B, B,, can phai tinh Ry, k, cho phit hop, (hinh 2-16b).

3.5.3. Di¢u chinh tu dong toc do theo dién ap phan ing:

Qua hinh 3-16, d€ nang do ctng lén B, ta ¢6 thé diéu chinh E,
bang cach diing mach phan héi am dién ap phan tng. Dua vao phuong
trinh dc tinh tai cta bo bién doi:
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E,=U+R,I, vi R, =R -R, nén:

1
1=

ke -
dm B Bm

Trong do: B,, = (kd,,)*/R, 1a do cing dac tinh co tu nhién.
Thay (3-59) vao (3-54) va dat:

(Eb - U) (3-59)

o L1
BB B B 3:60)
E =E L R L .
b0 b0 _p s T 1_p°
Ta c6 bié€u thiic tinh s.d.d. E, theo dién 4p phan tng:
E,=E,,-k,U (3-61)

Nguyén ly diéu chinh (3-61) c6 thé dugc thuc hién bang mach
phan hoi am dién dp phan tng nhu trén hinh 3-17a:

jr Q)]
5 @ B.=B
U U 1 T A 0 m— Pm
SR BD Lri E §
- ‘el Bm
U, LM
a) b)

Hinh 3-17: So do va ddc tinh phdn hoi dm dién dp phadn ting

Bo6 qua dong dién trong cac dién trd 1y, 1, va dat k, = r,/(r,+1,):

E, =ky(U, - k,U) (3-62)
R kbka
k,U, l+kk, P " (3-63)
O = - -
(I+k,k, ). kg, (k)
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Néu mach c¢6 k.k, >> 1 thi (3-63) sé c6 dang:

o = Ud _ Ru 5 M
K, kg (kdg,) (3-64)
M
() :ﬂ)O(Udaka)_B_

Khi thay déi hé s6 phan héi dién dp k, (bang con truot trén chiét
ap r,, 1,) thi ca t6c do khong tai ly tudng 1an do cing dac tinh co déu
thay ddi theo. Truong hop hé c6 hé s6 khuéch dai rat 16n thi do cing
mong muon c6 thé dat gia tri t6i da bang B,,, (hinh 3-17b).

3.5.4. Piéu chinh tu dong dung phan hoi am téc do dong co:

Qua hinh 3-16, dé nang do ciing lén B,, ta c6 thé diéu chinh E,
bang cach ding mach phan héi am tdc do dong co.

; ®
o k k= o
Yo, M| BD ¢ S )
% . K
Uo FT @ LM
a) b)

Hinh 3-18: So dé va ddc tinh phdn hoi am téc do dong co

Dua vao phuong trinh dic tinh dién co Bo bién déi - Pong co
mot chiéu ta rit ra dugc dong dién phan tng va thay vao (3-54) ta c6:

L g Kekbu

Bomi g g @
p p

E, ="mE,, - (22 -1).kd,, © (3-65)
B B ’

E,=E, -k,.o
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Trong dé6: E ', = B,.E.o/B , k, = (B,/B-1).kdy, .
Luat diéu chinh (3-65) dugc thuc hién bang phan hoi am téc do
(hinh 3-18a), trong d6 tin hiéu toc do dugc 1ay trén may phat téc FT 1a
may phat c6 dién ap ra ty 1& v6i toc do dong co: U, = k,. w.
o __ kU, -R-M/kg,,
(I+k k, /kdyy)-Kdg,,

_ (kyy)* (1 +k K, /Kby,
Bm - R

Tix (3-66) c6 thé tinh duoc hé s6 khuéch dai yéu cau cuia hé sao
cho dac tinh co thip nhat trong pham vi di€u chinh dat do ciing mong
muon. Khi k,.k, — oo thi dac tinh co la tuyét d6i cing.

(3-66)

Trong trudng hop khong dung mdy phat téc thi ¢6 thé ding cdu
toc do dé Iy tin hiéu phan héi t6c do (trong d6 phan ting dong co l1a
mot nhanh cau).

3.5.5. Phan hoi am dong dién c6 ngat:

Qud trinh 1am viéc ctia h¢ TDDTD thudng c6 yéu cdu vé 6n
dinh toc do trong vung bién thién cho phép clia momen va dong dién
phan tng, khi dong dién va méomen vugt qua pham vi nay thi can phai
han ché dong dién va momen tranh cho dong co bi qua tai 16n, gay ra
su ¢O va hu hong dong co.

Muo6n giam dong dién hodc momen ngan mach ta phai giam do
ciing dic tinh co. Tuy nhién, dé dim baoyéu ciu 6n dinh t6c do trong
pham vi bién thién cho phép cua tai, ta chi giam do cing khi dong
dién hoac momen vugt qua mot ngudng nao dé. Ngudng nay dugc goi
1a “diém ngar . Tuong tng v6i né ta c6 “dong ngar” 1,,, “momen
ngdt” M, va “t6c do ngdtr” o,,. Thong thudng I, = (1,5+2).

Vay, dic tinh co ctia hé gom hai doan: doan lam viéc tir diém
khong tai ly twdng dén diém ngit (doan AB) va doan ngét tir diém
ngit dén diém dimg (doan BC) (xem hinh 3-19a).
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Vi dac tinh nay rat dac trung cho cong nghé clia may xic nén
nguoi ta goi nod 1a “ddc tinh may xuc”.

®
A ~
0‘)0 \(D m
ng
C I,
O Idm Ing Inm -

a)
Hinh 3-19: a) Ddc tinh co ciia hé ding khdu han ché dong
b) So dé clia hé diing khdu phdn hoi ngdt dong

Muén tao ra doan dac tinh déc c6 do cling mong muon 1a B, bat
buoc phai thay déi thong so6 diéu chinh x,, sao cho t6c do dong co
giam nhanh khi tai tang 1én trén giGi han cho phép.

Nhu vay khi tai tang thi hé phai giam E, clia bo bién d6i.

1 1 )
Eb = Eb() - B_ng_g '(k(l)dm) (I _Ing)

= E, =By —kna.(I-1,)

(3-67)

Dé thuc hién quy luat diéu chinh nay, ta ding mot khau phan
ho6i am dong dién cd ngét tdc dong trén miic ngudng I, so d6 nguyén
ly nhu hinh 3-19b. Dién ap so sanh: U, = ,.R,,, vay:

E, =k,[Ugy - LRy, + U =k Ugy - Ky Ry (I, - Ly);  (3-68)
So sanh véi (3-67) ta thay:
Ebo = kb'Udat ; k’ng.d = kb'Rdo = kb'k
Doan BC:
® = Cky Uy - Calkpkyy g + R - Lp); (3-69)
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CAU HOI ON TAP

1. C6 nhitng chi tiéu chat lugng nao dung dé ddnh gid cac
phuong phdp diéu khién dong co ? Néu dinh nghia va trinh bay y
nghia cla timg chi tiéu.

2. Phan tich y nghia cua viéc di€u chinh toc do va diéu chinh
dong dién (hoac momen), néu yéu cdu thuc t€ cua viéc diéu chinh
timg thong s6 ? Nhiing chi tiéu can dat dugc cla viéc di€u chinh mébi
thong so 1a gi ?

3. Tl biéu thifc nao ta rit ra nhan xét chung vé cic phuong phap
diéu khién dong co dién mot chiéu va dong co dién khong dong bo ?
Mai loai dong co c¢6 mdy phuong phép diéu khién ? Nhitng phuong
phéap nao dugc xem la c6 hiéu qua ?

4. Nhitng phuong phdp diéu khién nao cta dong co dién mot
chiéu c6 thé dung dé diéu chinh t6c do ? Nhitng phuong phap nao
ding dé diéu chinh momen va dong dién ?

5. Hay danh gia céc chi tiéu chét lugng cta phuong phéap diéu
chinh toc do dong co mot chiéu bang céch thay déi dién 4p phan ting.

6. Néu ung dung ctia phuong phéap diéu chinh t6c do dong co
mot chiéu kich tir doc l1ap bang cach thay déi dién trd phu phan tng.

7. Néu wu, nhuoc diém ctia phuong phép diéu chinh t6c do dong
co dién mot chiéu bang cdch thay ddi tir thong kich thich.

8. Trinh bay cach dung ho dac tinh khéi dong cua dong co
khong dong bo roto day quén khi dung céc cép dién tré phu ndi vao
mach roto va cach xac dinh cac cép dién trd do.

9. Trinh bay nguyén ly diéu chinh dong dién va momen (khdi
dong) cua dong co khong dong bo 16ng séc bang phuong phdp thay
doi dién dp stato va phuong phdp dung dién trd phu stato.

10. Phuong phép diéu khién t6c do dong co khong dong bo bing
céach thay déi s6 doi cuc ¢ nhitng Gng dung nao ?
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11. Pac diém lam viéc ctia dong co khong dong bo khi duoc
cung céap dién 4p va tdn s6 dinh miic, va khi thay déi tdn s6 khdc véi
dinh mtic ? Tir thong ctia dong co thay d6i nhu thé nao khi tan s6 nho
hon dinh mic va khi tan s6 16n hon dinh miic ?

12. C6 nhing luat (nguyén 1y) diéu khién nao duoc 4p dung khi
diéu khién tan s6 cua dong co khong dong bo ? Mo ta noi dung co ban
clia céc luat diéu khién do.

13. Uu, nhuoc diém cua phuong phap diéu khién tin s6 cua
dong co khong dong bod ? Vi sao néi phuong phdp nay cua dong co
khong dong bo c6 thé so sanh dugc véi phuong phép diéu khién dién
ap phan tng cta dong co mot chiéu kich tir doc l1ap ?

14. Nguoi ta thudng quan tam dén nhiing van dé khoi dong va
diéu khién nao doi véi dong co dong bo ?

15. Mo ta mot qua trinh khoi dong hai giai doan cua dong co
dong bo thong dung.

16. Hay trinh bay nguyén ly lam viéc cua hé “Bo bién déi -
Pong co mot chiéu” cé diéu chinh téc do tu dong vong kin khi dung
phan héi am dién ap phan tng”.

17. Hay trinh bay nguyén ly lam viéc cha hé “Bo bién déi -
Dong co mot chiéu” ¢6 diéu chinh téc do tu dong vong kin khi dung
phan hoi duong dong dién.

18. Hay trinh bay nguyén ly lam viéc cua hé “Bo bién déi -
Dong co mot chiéu” ¢6 diéu chinh téc do tu dong vong kin khi dung
phéan héi am téc do, phan hoi hén hop am dién dp va duong dong dién
phan tng.

19. Hay trinh bay hoat dong ctia so d6 nguyén 1y hé “Bo bién d6i
- bong co mot chiéu” ¢6 phan hoi am dong dién ¢6 ngat va cach tao ra
dac tinh may xuc.
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CHUONG 4
PIEU CHINH TOC PO TRUYEN PONG PIEN
CAC HE THONG BO BIEN POI - PONG CO
§ 4.1. HE BO BIEN POI - PONG CO MOT CHIEU:
4.1.1. Hé May phat - Pong co mot chiéu (F-D):

TruGe day, hé thong Mdy phat - Dong co mot chiéu 1a mot hé
truyén dong dién diéu chinh tot nhit. Diéu chinh téc dong dong co rat
linh hoat va thuan tién. Tuy nhién hé thong diung nhiéu may dién quay
nén cong kénh, khi lam viéc gay on, rung, nén doi hoi phai cé nén
mong vitng chic. So d6 nguyén 1y nhu hinh 4-1.

e

Igkp
UF =Uy

1KF

Hinh 4-1: Diéu chinh téc do dong co PM ;, ding mdy phdt

Coi mach tir mdy phat chua bao hoa, nén ta co:
Er = K. 0p.0p = K. 0p. Cligg 4-1)
Trong d6: K - hé s6 két cu cua may phat,
C = Adg/Aig - hé s6 goc cua dac tinh tr hoa.

Véi: igp = Ugp/Tr
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Va: E, = K,.Uyp
R=R,p+ Ry
Phuong trinh déc tinh co khi diéu chinh t6c¢ do diing may phat:
_ Eg R
Kby (K’
K,.U, R
Koo (Kdp)’

Nhu vay, khi thay d6i Uy, (hodc igg) thi ta s&€ duge mot ho dudng
dac tinh co song song nhau & ca 4 géc phan tu (hinh 4-2).

(4-2)

w=

O géc phan tu (1) va (I1I) ca toa do dic tinh co thi dong co lam
viéc 6 ché'do dong co quay thudn va ché do dong co quay nguoc.

~%
+— DS
L
thF |
=y [ U, —>
ktb
Cw3
a)

Hinh 4-2: a) So doé diéu chinh téc do hé F - D.
b) Ddc tinh diéu chinh téc do hé F - D.
bac tinh co hdam dong nang (Ex = 0) di qua goc toa do; Cac vung
nam gitta truc tung (®) va dac tinh co ham dong nang (E. = 0) 1a ché’
do ham tdi sinh hay ché dé mdy phdt (o > ®,) cua dong co;
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Céc viing nam gitta truc hoanh (M) va dic tinh co khi ham dong
nang (Ep. = 0) 12 ché’ do ham nguoc (o TYM) cta dong co.

Dic diém cta hé F - D 1a diéu chinh t6c do rat linh hoat, dong
co ¢6 thé tu dong chuyén déi qua céc ché do 1am viéc khi thay dai toc
do hodc dao chiéu toc do. Vi du dong co dang 1am viéc tai diém A,
khi ddo chiéu kich tir mdy phéat F (M, = const) thi dong co s& chuyén
dan tir ché do dong co thuan (A) sang ham tai sinh, him nguoc, khai
dong nguoc va s& lam viéc xdc lap & diém B (ch€ do ham t4i sinh).

Khi diéu chinh E; thi s& thay d6i dugc téc do dong co ® < m;
khi dao chiéu i thi ddo chiéu dugc E; va nhu vay dao chiéu duoc .

Néu két hop diéu chinh va dao chiéu tir thong ctia dong co thi sé
diéu chinh va dao chiéu duoc téc do cta dong co ® > o,

Nhu vay, két hop diéu chinh i, va i, 5 thi s€ diéu chinh duoc toc
do dong co o < o, va ® > o, (ca 2 vung toc do).
4.1.2. Hé Chinh luu - Pong co mét chiéu (CL-PM):

Khi ta ding cdc bo chinh luu ¢6 diéu khién - hay 1a cdc bo chinh
luu diing thyristor dé 1am bo nguén mot chiéu cung cap cho phan tng
dong co dién mot chiéu, ta con goilahé T - D.

So d6 nguyén ly:

)
I'_I_\ Id= u Ugp hUdk‘b

Ikp

CL1 UCL2

Hinh 4-3: Diéu chinh téc do dong co DM, dung Chinh luu
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4.1.2.1. Xét hé CL - DM khong ddo chiéu:

+ Ché' do dong lién tuc: E, = E,.cosa

E,.cosa R, +R,

K¢dm K¢dm
E .cosa R, +R,

= . (4-3)
K(I)dm (K(I)dm )2
0 =0,-A0
Trong doé:
- Egy.cosa

®, = la toc do khong tai gia tudng, vi lic d6 & ving

Kd)dm

dong dién gidn doan, hé¢ s€ c6 thém mot lugng sut 4p nén duong dac
tinh diéu chinh déc hon, toc do khong tai 1y tudng thuc o, s& 16n hon
toc do khong tai Iy tudng gia tudng o , (hinh 4-4).

(Q)
I, E, ®oam Lo
‘é—@ Wor| QT
R B T
d ™01 E>0
;Z T Id.gd !Id.lty
R,
1, B
=9
Gioi han ,,,
a) b)

Hinh 4-4: a) So do thay th¢ Hé T - D khong ddo chiéu
b) Ddc tinh diéu chinh téc do hé T - D.
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Vay, khi thay déi géc diéu khién o = (0+n) thi E, thay ddi tir B,
dén - E,, va ta s&€ duoc mot ho dic tinh co song song nhau nam & nira
bén phai clia mat phang toa do [, I] hodc [w, M] néu ching ta chi
cho mot bo chinh luu 1am viéc & ch€ do chinh luu (hinh 4-4).

Vung dong dién gian doan bi gidi han bdi mot nira duong elip
V0l truc tung:

E ,-sina [ T n)

1. = 1-—cot
ao TN omfL cote

n % )
Trong d6: X;, - dién khang may bién ap.

L,s - Dién cam téng mach phén tng.

f, - tan s6 ludi.

m - sO pha chinh luu.
Trong viing dong dién gidn doan (®, < ,):

EZm—AUv:>O< <TE
] E— < <—
Kd)dm m

= 4-
@0 E,,.cos(cc—m/m)—AU, T (4-6)

K¢dm

Trong do: E,,, - bién do stc dién dong thit cdp may bién ap CL.

o>
m

Puong gidi han téc do cuc dai:

E .cosa Rs
gh.max — K(I) - K(b Id.blt (4_7)

Q)

4.1.2.2. Xét hé CL - PM c6 ddo chiéu:

Muoén dao chiéu téc do dong co thi phai dung hai bo chinh luu
d4u song song ngugc - chinh luu kép (hinh 4-3), nguyén tic diéu khién
hai bo chinh luu la:
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+ Khi cho bo CL1 1am viéc & ché do chinh luu thi CL2 chuén bi
lam viéc & ch€ do nghich Iuu, dong chinh Iuu chay theo chiéu duong,
toc do dong co quay thuan.

+ Nguoc lai, khi cho bd CL2 lam viéc & ch€ do chinh luu thi
CL1 chuén bi 1am viéc & ché do nghich Iuu, dong chinh luu chay theo
chiéu am, t6c do dong co quay nguoc.

Dé khoi truyén nang luong tir bo CL nay qua bo CL kia vé lu6i
thi cin thod man diéu kién:

|Ed4NL| 2 |Ed.CL| (4-8)

Dé diéu khién hai bo chinh luu lam viéc theo ding cdc ché do
yéu cau thi c6 thé dung phuong phdp diéu khién chung hoic diéu
khién riéng.

* Phuwong phdp diéu khién chung: tin hiéu diéu khién duoc dua
vao ca 2 nhém van sao cho thoa man (4-8). Déi véi phuong phép nay,
c6 thé xudt hién dong dién can bang chay qua 2 bo chinh luu, khong
qua tai, gy qua tai cho cdc van va mdy bién dp, cho nén cin han ché
dong can bing, thuong dung cic cudn khang can bing CK dé han ché
dong can bing.

Trong phuong phép diéu khién chung, khi phéi hop diéu khién
kiéu tuyén tinh:

o +0,=7 (4-9)

Khi d6, cac dac tinh co ctia hé T - DM sé€ gan giong hé F - b
(hinh 4-5a).

Khi phoi hop diéu khién kiéu phi tuyén (phoi hgp khong hoan
toan) thi s€ c6 thém hé s6 phi tuyén &:

o, +o,=m+§ (4-
10)

Goc & phu thudc vao céac gia tri cia o, va o, mot cach phi tuyén.

Lic nay cac dac tinh co cia hé T - PM c¢6 doan phi tuyén &
vung gan truc tung (hinh 4-5b).
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a2max

ey
i i

a2min -

a’lmax (x‘lmax
a) b)

Hinh 4-5: a) Diéu khién chung phoi hop kiéu tuyén tinh.
b) Diéu khién chung phoi hop kiéu phi tuyén.

* Phuong phdp diéu khién riéng: tin hiéu diéu khién chi duoc
dua vao bo CL dang lam viéc & ch€ do chinh luu, con bd CL kia
(khong 1am viéc) khong c6 tin hiéu diéu khién dua vao, cho nén khong
c6 dong can bang.

Trong phuong phdp diéu khién riéng ciing c6 phéi hop diéu
khién kiéu tuyén tinh va phi tuyén.

Dé thay doi trang thdi 1am viéc clia cdc bo CL thi phai ding
thiét bi dac biét dé chuyén céc tin hiéu diéu khién tir bo CL nay sang
bo CL kia. Boi vay, khi diéu khién riéng, cac dic tinh co cta hé s& bi
gidn doan & tai truc tung. Nhu vay, khi thuc hién thay d6i ché do lam
viéc cta hé s€ khé khan hon va hé s€ ¢ tinh linh hoat kém hon khi
diéu chinh téc do.

Néu két hgp diéu chinh va dao chiéu tir thong cua dong co thi sé
diéu chinh va dao chiéu duoc téc do cta dong co ® > o,
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Nhu vay, két hop diéu chinh i, va i, thi s€ diéu chinh dugc toc
do dong co o < ®,, va ® > o, (ca 2 vung toc do).

4.1.3. Hé Khuéch dai tir - Pong co mot chiéu (KPT - PM):

So d6 nguyén ly:

- Leor =1,
P

b4 il" _%gr Ukpr = U, ?%@

Uso hUdk‘b

Ikp

UKDTI UKDTZ

1

Hinh 4-6: So do Khuéch dai tir - Dong co dién mor chiéu

Dé diéu chinh toc do dong co dung khuéch dai tir, ta thay déi
dong diéu khién khuéch dai tir (thay déi goc tir hod ) thi dién dp ra
ctia khuéch dai tir s& thay doi va nhu vay s& diéu chinh duoc toc do
dong co:

EKDT _AUV RKDT -R

0= T K "M 4-11)

Cac dac tinh co cua hé KDT - PM gan giong nhu cac dac tinh
co cta hé¢ T - DM. Trong ving dong dién lién tuc, dac tinh co cing
hon vung dong dién gidn doan, va ving dong dién gidn doan ciling bi
gi6i han béi dudng elip bao quanh géc toa do mat phang dic tinh co.

Két hop diéu chinh dién dp ra cua khuéch dai tir va di€u chinh tx
thong dong co ta cling diéu chinh dugc toc do dong co ca trén va dudi
toc do co ban.

Muo6n dao chiéu toc do dong co ciing phai dung hai khuéch dai
tlr mac song song nguoc (khuéch dai tix kép).
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4.1.4. He Bam dién ap - Pong co mot chiéu (PAX - DPM):
So d6 nguyén ly:

1
!__P 1 . U o
| !CJ_:F T, : Iu\l/ Ukp Hk
. -’; Ubi_ o

~u | I i=U,
AR o Ll 7§L
o !
Lo ZFV %

Hinh 4-7: Diéu chinh téc do dong co DM, diing bo Bam DA

So d6 hinh 4-7 gi6i thiéu mot so do don gian cua hé PAX - bPM
ding khéa déng/cat bang thyristor. Trong d6, bd nguén mot chiéu la
bo chinh Iuu cau diot ba pha CL, tdo ra dién dp U, tuong d6i bang
phéng, gitip cho viéc duy tri ché do dong dién lién tuc dugc dé dang.
Diéu khién thyristor T, m&/khéa bang xung md& ctia bo diéu khién
BDK, ta s€ dugc dién ap ra cua bo bam noi ti€p U, dat vao phan tng
ctia dong co BM, tuong ting sé cé toc do .

Trong ch€ do dong dién lién tuc, cac dai lugng trong hé dugc
tinh toan theo gia tri trung binh:

bién ap hoac s.d.d. trung binh ciia bd DAX:

t
E,=U, = T—d~Ud =yU, (4-12)
ck
< ty  ty <o .
Trong d6: vy = ——=—=t,f -Ilatysochukybam,
Tck Tx

Vé6i T, va f, 1a chu ky xung va tan s6 xung cta bo BDK.
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Dong dién trung binh mach phan tng s€ la:
_E,-E _yU,-Kdo

=1 4-13
0= TR R, (4-13)

Phuong trinh dac tinh co-dién va dac tinh co cua hé¢ PAX - bM
c6 dang:

0= _Rup (4-14)
K® Ko
R
Va: U, uz (4-15)

O="—-""""""
K® (Kd)’

Pac tinh co theo phuong trinh (4-15) & ving dong dién lién tuc
12 nhitng dudng thang song song nhau nhu hinh 4-8, trong dé toc do
khong tai 1y tudng phu thudc vao ti s6 chu ky : o, = YUy/K®.

Viing dong
lién tuc
Y ;

\y1=l

Bién lién tuc

Viing dong
gian doan

ys=0 u
Hinh 4-8: Ddc tinh co cua hé DAX - DM

Xung diéu khién cac thyristor T, va T, duoc tao ra nhd bo BDK
v6i tan s6 xung f, = 1/T,. Khi thay d6i chu ky xung T, hay tin s6 xung
f, ta s& lam thay déi thoi gian md/khéa cua T, va T,, tir d6 thay déi
duoc dién 4p U, va U, dan dén di€u chinh dugc toc do dong co w.
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§ 4.2. HE BO BIEN POI - PONG CO KHONG PONG BO:

4.2.1. Cac phuong phap diéu chinh toc do dong co DK:

bong co DK, dugc st dung rong rii trong thuc t€. Uu diém néi
bat cta no la: ciu tao don gian, lam viéc tin cay, von dau tu it, gia
thanh ha, trong luong, kich thuéc nho hon khi dung cong suét dinh
muc so véi dong co mot chiéu.

Str dung truc ti€p ludi dién xoay chiéu 3 pha...

Tuy nhién, viéc di€u chinh t6c do va khong ché cdc qua trinh
qua do kho khan hon, cac dong co DK 16ng séc ¢6 cac chi tiéu khoi
dong xau, (dong khoi dong 16n, momen khéi dong nho).

Trong thoi gian gan day, do phat trién cong nghiép ché tao ban
dan cong suat va ky thuat dién tin hoc, dong co PK mdéi duoc khai
thdc cac uu diém cua ching. N6 trd thanh hé truyén dong canh tranh
c6 hiéu qua so v6i hé Thyristor - Pong co dién mot chiéu.

Qua phuong trinh dac tinh co ctia dong co DK:

2M, (I+as,)

M=——t (4-16)
— 4" 4 2as,
Sth S
Trong do:
R
Sy = E (4-17)
" RI X2
3.U;
Va M, ==+ Lt (4-18)
" 20, R £ R+ X2
—+ R (4-19)
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Qua biéu thic (4-16), (4-17), (4-18), (4-19) ta thdy rang khi
ding cdc bo bién déi: xung dién tré mach roto, diéu dp xoay chiéu
stato, bién tdn mach stato, thi s& thay doi dugc s,, M,, va s& diéu
chinh dugc t6¢ do cua dong co DK.

4.2.2. Phuong phap xung dién tré mach roto:

R
|

3/4R,
bK

A R >t
1T T TN 2R,

>

A R, t
it 0

[ it

tck=
b)

Hinh 4-9: a, b) So dé va ddc tinh diéu chinh bang xung R,,,, dlc DK

¢, d) Cdc ddc tinh co diéu chinh xung dién trd roto DK.
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Trén hinh 4-9 trinh bay nguyén 1y diéu chinh tron dién tr& mach
roto bang phuong phap xung. Dién dp u, dugc di€u chinh boi cau
chinh lu diot CL, qua dién khang loc L, cap vao mach diéu chinh gom
dién tré R, noi song song véi khoa ban dan T,.

Khéa T, duoc diéu khién déng ngit mot cach chu ki. Hoat dong
cta khéa T, tuong tu nhu mach diéu chinh xung 4p mot chiéu. Khi
khéa T, déng dién tr& R, bi ngédn mach (bi loai ra khoi mach), dong
roto tang lén, khi T, ngét, dién tré R, duoc dua vao mach, dong roto
gidm xuong. Véi chu ki déng-ngat nhat dinh (T = const), ta s& ¢6 mot
gia tri dién tr6 tuong duong (R,) trong mach roto. Hinh 4-9b: thoi
gian déng t, = T - t, , n€u diéu chinh tron ty s6 chu ki y = (t,/T), thi ta
s€ diéu chinh tron duoc gid tri gid tri dién trd trong mach roto:

R,=(1-v).R, (4-20)

Dién tr& R, trong mach mot chiéu duogc tinh déi vé mach xoay
chiéu 3 pha & roto theo qui tic bdo toan cong suat. Tén hao trong
mach roto noi theo so d6 hinh 3-9a la:

AP =1;(2R, +R ) (4-21)
Va hao t6n khi mach roto néi theo so do hinh 3-6a la:

AP =3L(R, +R,,) (4-22)
Co s6 dé tinh déi 1a tén hao cong suét nh nhau, nén:

(2R, +R ,)=31(R, +R ;) (4-23)

V6i so d6 chinh luu céu 3 pha thi: I; = 1,513, nén:

R, _(I-1R,
2 2

Khi di c6 dién trd tinh déi s& dé dang dung duogc cac dac tinh co

theo phuong phédp thong thudong, ho cic dac tinh co nay s€ quét kin

phian mat phing gi6i han béi dic tinh co tu nhién va dac tinh co c6
dién tré phu R, = R /2 nhu hinh 4-9c.

R, = (4-24)
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Dé mo rong pham vi diéu chinh momen thi ¢6 thé méc nai ti€p
dién tré R, v6i mot tu dién c6 dién dung du 16n (hinh 4-9d). Viéc xay
dung cdc mach phan hoi diéu chinh t6c do va dong dién roto dugc tién
hanh tuong tu hé diéu chinh dién 4p.

4.2.3. Piéu chinh téc do PK bang bo diéu ap xoay chiéu stato (u,):

Momen dong co DK ti 1& v6i binh phuong dién dp stato, nén cé
thé diéu chinh momen va toc do dong co DK béng cach thay déi dién
dp stato va giit tdn s6 khong d6i nhd bo bién déi dién dp xoay chiéu
(PAXC) nhu hinh 4-10:

” ul’fl 4° TN, U4, Ry =0
d/tGH, uy,,, Ry #0

OTN

Uy < Ugpy

M) |===== 1
S ? T U2 < Uy,

th.gh |= === =/= == -
d s

1 1 !

1 1 :

M(w); |

1 1 !

L L I

0 Mu My M, M
b)

Hinh 4-10: a) So dé diéu chinh téc do d/c PK bang bé u,,,,,.
b) Cdc ddc tinh diéu chinh bang bo u,,,, dlc PK

stato

Néu coi b0 DAXC la nguon i tudng (Z, = 0), khi u, # u,, thi
momen t6i han M, , ti 1& vé6i binh phuong dién ap, con s, , = const:

2
u .

_ b | 2

M., = Mth,gh [U_J =M, .u,

1

(4-25)

Sihu = Sign = CONSE
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Dé cai thién dang dac tinh diéu chinh va giam b6t mic phat
néng cta dong co, ngudi ta mac thém dién trd Ry, (hinh 4-10). Khi dé,
néu dién ap dat vao stato 1a dinh mic (u, = u,) thi ta duoc dac tinh
mém hon dic tinh tu nhién, goi 1a dic tinh giGi han.

S R, +R
R rang la: s, =s, % 5 My =M, (4-26)

2

Trong d6: M, 4 Singn 12 mOmen va hé s6 truot téi han cta dac
tinh gi6i han (d/tGH).

M,,, s, 1a momen va hé s6 truot t6i han ctia dac tinh tu nhién.

Dua vao dac tinh giéi han M, (s), va néu o = const, ta suy ra dac
tinh di€u chinh ting véi gia tri u, cho truéc nhd quan hé:
& E3 * M
M, =uy; M, === (4-27)
M,,

Dac tinh diéu chinh trong trudng hop nay nhu hinh 4-10b.

Phong phdp diéu chinh dién dp chi thich hgp véi truyén dong ma
momen tai 12 ham tang theo toc do nhu: may bom, quat gi6, ... C6 thé
dung mdy bién 4p tu ngiu, dién khang, hodc bo bién déi ban din lam
bo DAXC cho dong co DK.

4.2.4. Cac bo bién doi tan sé - dién ap:

Thong thudng khi diéu chinh t6c do bing cdch thdy ddi tan so,
ngudi ta két hop thay déi dién dp stato sao cho hé s6 qua tdii momen
ctia dong co A = const, phu thudc cdc loai phu tai khac nhau ta da xac
dinh dugc quan hé giita su thay déi dién 4p va tan s6 theo cong thiic:

U,

1)

1

=const; (v6iq=-1,0,1, 2) (4-28)

o144
Hay: u:‘ = fl( 2) ;(Vél q = _19 09 19 2) (4_29)
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Hinh 4-11 c6 cédc khoi chitic nang: ngudn xoay chiu c6 u, 4,
f, 4, qua bo chinh luu (CL) bién d6i thanh dién 4p mot chiéu U, cap
cho bo bién tdn: BO nghich luu dp ba pha (NL) gom 6 thyristor
(T, +T,) va cdu chinh luu ngugc (CL,,) gdm (D, + D) d€ hoan tra ning
lugng phan khang. Dién dp dau ra cua bo BT (u;) c6 dang “sin chir
nhat” va tin s6 1a f, dat 1én stato dong co DK céan diéu chinh t6c do .

Muoén diéu chinh tin so f; dat vao stato dé€ diéu chinh t6c do
dong co DK, thi thay déi dién ap diéu khién U, clia bo bién tan ap.
Con muén diéu chinh dién dp u, dat vao stato theo qui luat (4-29), thi
thay déi dién 4p diéu khién U, clia bo chinh luu.

Ly I Bién tdn nguén dp |
CL D D%SD% TJZTQZT%;
X X X1,y
~ Wygm U __C: : f
F— d| T ! \
Fiam D,| Dy D, T, T To|
33 XX ;
5 i CLy, NL
Ui Udgks

Hinh 4-11: So do nguyén 1y bo bién tan nguon dp

* Cdc ddc diém cia viéc diéu chinh tdn so:

Diéu chinh t6c do dong co PK bing cach bién déi dién 4p va tin
sO trén dau ndi stato 1a mot trong nhitng phuong phap duoc chd y va
6 nhiéu trién vong.

Béng phuong phép diéu chinh nay, ta nhan duoc nhitng dic tinh
co ting. Khi d6 ton that cong suat khong 16n. Thuc vay, tir biéu thic:

APy, = Moo s (4-30)
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Ta thdy, néu coi dong co lam viéc trén doan dong thang ca dic
tinh co khi di€u chinh tan s6 thi s ¢6 tri s6 nho, nén AP, ciing nho.
Khi s dung cdc bo bién tan thich hop, ta c6 thé diéu chinh doc t6c do
v6i do tron tuy y.

Quan trong hon nita 1a cdc u diém trén déu doc thé hién ca véi
khi diéu chinh dong co khong déng bo 16ng séc 1a loai dong co don
gidn, chac chan va ré tién.

Nhugc diém cht yéu cua cdc hé thong truyén dong dién nay la
hién nay bo bién tan cdn tuong d6i phiic tap va dat tién. Vi vay da han
ché pham vi tng dung cta truyén dong dién c6 diéu khién tan s6.
Nhung nhitng wu diém cha ching van 1a co ban. Néu tao ra duoc
nhiing bo bién tan v6i mic do phic tap va gia thanh vira phai, thi
truyén dong dién diéu khién tin s6 dung dong co DK 16ng séc s& dugc
ting dung rong rai trong san xudt va sinh hoat.

4.2.5. Piéu chinh téc do dong co DK bang cac so do néi tang:
4.2.5.1. So do néi tang dién co:
So d6 nguyén 1y :

DM, (TBBD)
May SX

Q RN

0 E, %1 @ i ¢Id, 1)

+ -

CL

T
ru

Hinh 4-12: So do nguyén ly hé diéu chinh tdang dién co
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Trong so d6 hinh 4-12, dong co DK dugc diéu chinh téc do.
S.d.d. E, duoc chinh Iuu thanh s.d.d. mot chiéu E,,c6 biéu thic:

E,,=K,E,=K_E,, .S (4-31)
Trong do:

K, =2,34 - hé s6 cua chinh luu cau ba pha.
E

S.d.d. nay dugc n6i vao phan tng cua mot dong co dién mot
chiéu DM, d6ng vai trd thiét bi bién dé6i (TBBD) nhu hinh 4-12. Pong
co nay s€ nhan nang luong trugt tir bo chinh luu dudi dang dién nang
mot chiéu, va bién déi thanh co nang trén truc. Truc ctia né dugc noi
dugc no6i chung véi truc dong co DK, do d6 né truyén phan nang
lugng truot vé truc dong co ctia mdy san xudt. S.d.d. phan Gng cua
DM, nhu da biét, né phu thudc vao toc do va tir thong cua no:

- s.d.d. ngan mach roto (gia tri pha).

2nm

E,;=K®o =K.l .o (4-32)
Trong do6, tir thong phu thudc dong kich tur:
®=al,

Dong dién phan tng cua dong co I, =1, ty 1é vGi dong dién roto
L, va duoc x4c dinh theo cic s.d.d. trong mach:
E,,-E
Id — Kilz _ —d2 bd

z

(4-33)

Trong d6: Ry - dién trd tong trong mach CL - DM, :
Ry =Ry + Ry,

Gia sir dong co dang lam viéc tai mot di€ém xdc 1ap nao do véi
toc do o, do truot s va dong dién I, x4c 1ap, néu ta thay doi dong kich
tr cia DM, , s.d.d. E,, chia n6 s& thay déi (xem biéu thiic 4-29), dong
dién I, thay ddi theo biéu thiic (4-33), do d6 mémen dong co thay doi,
va hé s& chuyén sang 1am viéc & mot diém xac lap mdi véi toc do 1am
viéc khac. D6 1a nguyén tic diéu chinh toc do trong tang dién co.
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4.2.5.2. So dob ndoi ting dién:

So d6 nguyén 1y :

BA

KL CL g, TEbd NL
fT\ ......

Hinh 4-13: So do nguyén 1y hé diéu chinh tang dién

Hinh 4-13 gi6i thiéu mot so d6 nguyén 1y hé diéu chinh néi tang
dién. Trong nay, nang luong trugt trong mach roto ctia dong co DK
(duoc biéu thi bdi cdc thong s6 s.d.d. xoay chiéu E,, dong xoay chiéu
I, va tan s6 mach roto f, = f,.s) ciing dugc chinh luu thanh dang mot
chiéu (v6i cdc thong s6 E,, , I,) nhd ciu diot CL réi dugc truyén vao
bo nghich luu NL (vdi chitc nang 12 thiét bi bién doi trong hinh 4-12).
V6i bo nghich Iuu ndy, viéc chuyén mach cdc thyristor duoc thuc hién
nho dién dp luéi (u,), do d6é nang luong trugt dang mot chiéu sé€ duoc
bién déi thanh xoay chiéu c6 tdn s cla dién dp ludi, cudi cing qua
mady bién 4p BA, nang luong truot duge tra vé ludi dién.

Trong so do ndi tang dién hinh 4-13, dong dién roto I, cta dong
co DK hoidc dong dién trong mach mot chiéu I, ciing duoc xdc dinh
theo biéu thiic (4-33), trong d6 E,, 1a s.d.d. clia bo nghich luu ¢6 dang:

E., = Ey. = Uy,cos (4-34)
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Trong d6: o la géc md cla céac thyristor (o > 7/2)
B =m - ala géc md cham cha thyristor & trang thai nghich luu.

Uy, la dién 4p 16n nhat cua bo nghich luu véi truong hgp a = 0;
U, =2,34U,,, . V6i U,,, 1a dién ap pha thit cap mdy bi€n ap BA.

Tur cac biéu thic (4-33) va (4-34) ta thay, khi thay doi géc mé o
ctia cac van trong bo nghich luu (tir /2 dén = m) twong tng vaGi su thay
déi cta s.d.d. nghich luu E,, (tir 0 dén = U), thi dong dién I, va 1, s&
thay doi, nhd d6 momen va t6c do cuia dong co sé duoc diéu chinh.

CAU HOI ON TAP
1. Lam thé€ nao dé thay d6i va dao chiéu duogc t6c do dong co

trong phuong phép di€u chinh dung hé thong “Mady phat - Dong co
dién mot chiéu” ?

2. Lam thé€ nao dé thay déi dugc dién dp chinh luu ? Dac diém
cta phuong phép diéu chinh téc do dung hé “Chinh luu - Dong co
dién mot chiéu khong ddo chiéu” ? Cac phuong phép diéu khién cic
bo chinh luu trong hé truyén dong T - D ¢6 dao chiéu ? Cach phdi hop
g6c diéu khién trong cdc phuong phap diéu khién cdc bo chinh luu ?

3. Lam thé€ nao dé thay déi toc do dong co trong phuong phdp
diéu chinh dung hé thong “Bam dién dp - Dong co dién mot chiéu” ?

4. Phan tich phuong phdp di€u chinh téc d6 dong co khong dong
bo bang cach dung bo bam dién trd mach roto ? So sanh chi tiéu chat
luong vé6i phuong phdp diéu chinh téc do dong co DK bang cich ding
cac cap dién trd phu mach roto ?

5. Phan tich phuong phdp diéu chinh t6c do dong co DK bang
céach thay déi tan s6 dong dién stato (hé :BT - DK) ? Tai sao khi thay
ddi tan s6 ngudi ta thudng két hop diéu chinh dién 4p stato ?

5. Phan tich cdc phuong phédp diéu chinh téc do dong co DK
bang cdc hé “noi tang dién co” va “ndi tang dién” ? Uu, nhuoc diém
clia cac phuong phap d6 ?
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CHUONG 5
QUA TRINH QUA PO TRUYEN PONG PIEN

§5.1. KHAI NIEM CHUNG

+ Quad trinh quéa do truyén dong dién (QTQD TDD) la qua
trinh lam viéc ctia hé thong TDD khi chuyén tir trang thai xdc lap
nay sang trang thdi xac lap khéac, khi d6 cic dai luong dac trung
cho hé théng TPD (I, M, o, ...) déu thay déi theo thoi gian.

+ Dua vao cac dac tinh I(t), M(t), o(t), n(t) ... ta s€ xac dinh
duoc thoi gian va tinh chét dién bién cia QTQD tuong Gng véi
ché do cong nghé cua may; tir d6 danh gia dugc momen cho phép,
gia toc dong dién trong QTQD, ciing nhu biét dugc miic do qua
tai cia dong co, va tir d6 ma chon cong suat dong co va cac khi
cu, thiét bi diéu khién cho phu hgp.

+ Nguyén nhan c6 QTQD ¢ thé 1a:

Nguyén nhdn khdch quan: do tic dong ngiu nhién (nhiéu
loan) nhu: mua, bao, sét danh, nhiét do thay déi, dién 4p, tan so
ludi thay doi, phu tdi thay doi bat thudng ...

Nguyén nhdn chu quan: do con ngudi diéu khién hoic tdc
dong diéu khién cic ché do lam viéc khdc nhau clia hé thong
TDD theo yéu cau cong nghé nhu: thay déi t6c do, khéi dong,
ham, dao chiéu ..., vi cdc phan t, cdc thiét bi ¢6 qudn tinh co va
quén tinh dién tit nén c6 QTQD.

+ Hé thong TDPD c¢6 cac phan tr dién + co nén ludn luon
ton tai cac phan tir tich luy nang luong, do d6 ma c6 qudn tinh.

Qudn tinh dién tr: dac trung boi hang s6 thoi gian dién t
T, = %, do cdc phan tu tich luy nang luong dién tir nhu dién

cam L, tu dién C.
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Qudn tinh co: dac trung boi hiang s6 thoi gian co T, = Y B
do céac khau tich luy dong nang nhu momen quan tinh J va khoi
luong quén tinh m (B 14 do cling dac tinh co).

Qudn tinh nhiét: dugc dac trung bdi hang s6 thoi gian nhiét
T, = % , do cdc phan tur tich luy nhiét nang nhu nhiét dung ... (C
la nhiét dung, A 1a hé s toa nhiét).

Thuong T, rdt 16n nén ta bo qua khi xét QTQD, vi QTQDb

c6 thé da két thiic réi ma qud trinh thay doi nhiét vin con, cho
nén coi nhu khong anh hudng dén QTQD dang xét.

T, c6 thé xét dén khi dién cam L 16n, lic d6 quén tinh dién
tir tuong duong véi quan tinh co.

Con khi T, << T, thi bo qua quan tinh dién tir.

T, luon luon xét dén, vi cac phan tir thuong cé J, m tuong
doi 16n.

+ Khao sat QTQD s& xay dung duoc cac quan hé cla cac
dai lugng co, dién (n, o, I, M ...) theo thoi gian (7). Tir d6 tinh
duoc thoi gian QTQD.

Nhu vay s€ danh gia dugc nang suiat may va néu can thiét
thi tim bién phéap giam thoi gian qud do dé ting nang sudt mdy.

Hoac tir d6 tinh dugc cac gia toc, luc dién dong va s€ han
ché khong cho vuot qua tri s6 cho phép.

Dong thoi sé tinh dugc su phat néng ctia dong co theo dong
xéc lap va dong qua do, tir d6 tim bién phdp khic phuc va chon
cong suat dong co cho phu hop.

Sau day s€ khao sit mot s6 qua trinh qua do (QTQD)
thudng xay ra trong hé thong truyén dong dién (TDD) va chu yéu
xét dén hiang s6 T, va T,
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§5.2. QUA TRINH QUA PO CO HOC KHI
Uxguox = CONST VA Mpng(®) LA TUYEN TINH:

5.2.1. Phuong trinh téng quat:

+ Khao sat QTQD khi chi xét dé€n quan tinh co (3T,) bo qua
quén tinh dién tir 3T, - goi tat 1a QTQD co hoc.

+ Khao sit QTQD co hoc vé6i diéu kién dién dp nguodn la
hang s6 (U, = const), momen dong M, (®) tuyén tinh la
trudng hop don gian nhat, c6 thé coi hé thudc loai mdu co hoc don
khoi, tuy nhién lai rat hay gap, vi né ding véi cidc dang dac tinh
co M(m), M (®) 1a tuyén tinh (hinh 5-1a), cling c6 thé 4p dung
cho cac dong co c6 M(w) Ia phi tuyén, nhung trong pham vi xét
thi M(®w) gan tuyén tinh (hinh 5-1b), hoic M(®) va M () 1a phi
tuyén ca nhung c6 dang gan giéng nhau, nhu vay ciing c6 thé c6
M,one(®) gan tuyén tinh (hinh 5-1c).

o () y
k M. (@)
. M, M
@y e ; ?‘é((’oxl’Mxl)

Hinh 5-1: Cdc dang c6 M, la tuyén tinh

ong
+ Céc gia thuyét cho trudc:

M(o) va M (o) 1a tuyén tinh, vay M, (o) s€ la tuyén tinh;
J = const; U,, = const; vi du nhu hinh 5-1a, b; theo d6, QTQD
dugc mo ta boi hé phuong trinh:
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M, =M-M_ = Jd—m
% ¢ dt
M=M,-Bo
M, =M, +B.® (5-1)
M M,-M,
b= do o,
M. M,-M,
" do o,
Rit ra:
do
(M, - po) (M., - o) = JE
M -M, J do
. BB d
Ta c6:
®
T, -E+0) =0, (5-2)
Trong doé:
Héng s6 thoi gian cohoc: T, = / (sec); (5-3)
© B+B.
Toc do xdc lap: o, = M, M, (radlsec); (5-4)
: ¢ x B+B,
Néu dat:
M,=M,-M,,;

B =P+ P
Trang 151
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Thi: M, =M,- ,Bdg ; ,Bdg =M,/ o,;
Va: T.=Jp,,; (5-3a)
@y =M, /! fg; (5-4a)
Nghiém phuong trinh khong thuan nhat (5-2) la:
o=aw,+ce" (5-5)

Theo diéu kién ban dau: ® = o, khi t =0, do d6:

C= Wy~ Wy
Vay ta c6:
T,
ot) = @4+ (@~ @) (5-6)

Theo gia thiét: M = ® nén:
M= M,+M,-M,).e"™ (5-7)

T, 1a hang s6 thoi gian co hoc, né dic trung cho nhip do
bién thién ctia momen va toc do dong co trong QTQD.

C6 thé coi T, 1a thoi gian tang toc cha dong co tir trang thai
diing im dén toc do xdc lap néu M, ,,, = const trong QTQD.

Vé6i gia thi€t trén thi (5-6) va (5-7) c6 tinh chat van nang.
Chiing ding véi cac QTQD khéc nhau (khoéi dong, ham, thay déi
toc do, dao chiéu ...) khi M(®) va M (o) 1a tuyén tinh.

Tuy trudong hop cu thé ma thay cac gid tri tuong tng clia cic
dai luong w4, ©,, M4, M, va T, vao (5-6) va (5-7).

Vi du néu M () = const thi B, = 0, do do:

-1 e
TR T AM S8
MV! _M(,'U M( ( ) )
0, = =0,
’ p p
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Cac phuong trinh (5-6), (5-7) cho thay: o(t) va M(t) co
dang ham mii. Dic diém ctia ham mii 1a dao ham clia n6 theo thoi
gian s€ giam don diéu, nghia la dM/dt va do/dt ctt sau mot
khoang thoi gian t = T, thi chiing giam di e ~2,718 lan:

M(t+T.) o(t+T.) =t g
) _ofrl) jow ! (5-9)
M(t) (1) ¢
Tai thoi diém ban dau, cdc dao ham c6 gi4 tri cuc dai:
. M, -M
M 0 — xl bd
" g (5-10)
c :(;)(0): 0,-M,
o T

Vi g, T, = (0, - ®,y) nén duodng ti€p tuyén véi o(t) tai thoi
diém ban dau sé& cat duong thang » = o,, = const & diém cach truc
tung mot khoang diing bang T, (hinh 5-3).

o M,I
Mnl T,
('Oxl /

36,8% 13,5% |5%
Ao MO
\ \\\ \Njﬁ
M, [ : :
pg =0 >

t, (=T, 2T, 3T

C

t

0 C

Hinh 5-3: Ddc tinh QTQOP khi w,;, = 0vaM,, =M,
Khi o, = 0 thi:
=0yl -e"")
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T, 1a khoang thoi gian can thiét dé toc do tang tur: 5.2.2. Qua trinh qua do co hoc khi khai dong:
Wy = 01én dén © = 0,632m,, 5.2.2.1. Xét QTQD co hoc khi khoi dong
® = 0,6320,, lén dén o = 0,850, voi M(w) tuyén tinh, M (®) = const:

o =0,850,1én dén ® = 0,950, 0,

Va M(t) ciing dién bién tuong tu o(t).

Vé ly thuyét thi t,, = oo, nhung thuc t€ thi t , = 3T, (xem nhu
két thic QTQD, vi sai s6 5% c6 thé chip nhan).

Khi gidi phuong trinh (5-6) hodc (5-7) c¢6 thé c6 nghiém
lam cho QTQD la 6n dinh hodc khong 6n dinh, khong dao dong
hodc dao dong:

® ® ®
g A~
0d.quén tinh 0d.dao dong khong 6d. dd.
“t 1 T
Hinh 5-4: Cac QTQOD 6n dinh, khong on dinh, dao dong ...

Cac phuong trinh trén chi ding khi M(®), M (o) 1a lién tuc,
néu M(w), M (®) khong lién tuc thi QTQD phai tinh riéng cho
ting doan lién tuc mot. Sau diémt dot bién cia momen, ta phai
thay cdc gid tri méi clia m,,, ®,;, My, M,, va T, vao cdc biéu thitc
(5-6), (5-7).

*C6 thé ting dung: Mg, (®) 12 tuyén tinh d6i véi:

+ bong co BM,,, PK,, khi thay d6i phu tii v6i M, = o.
+ bong co bM,, bPM,,, PK khi ham: M, = const, M, = o.

+ Pong co DK, khi kh&i dong truc ti€p véi phu tai kiéu
quat gié M, = »”.

Hinh 5-5: Cdc so do, ddc tinh khdi dong cia DM ,, PM,,, DK
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Dé don gian, ta xét QTQD khi khoi dong 2 cdp dién trd phu
mach roto ctia dong co dién mot chiéu kich tir doc 1ap (hinh 5-5a)
khi khéi dong m = 2 cdp: s€ ¢6 3 giai doan QTQOD khoi dong:

W, otl
XL I,
XL *

o, zd\ TN i \ \/ hes
(ONY B, \ /\ o(t)
o, b : - J\&e— 100

® Ny \.

cl& e

. T, T. T
0 MM, M, M e i I
a) tya =tia b)

Hinh 5 - 6: Cdc ddc tinh khoi dong voi m = 2

* Giai doan 1: doan (ab) = dac tinh @©:

Trén do: Rll'szufl+Ru'f2 = R1=Ru’+Ruf1+Ru—f2
K®)’ M,-M
Theo dac tinh (D:‘B,‘:( ) ‘ ‘ A:M —
R, o,
T, 4 (KD) (sec);  (5-11a)
1T | T = sec); -11a
TR R TR AR, 4R,

(KD)?
Piéu kién ban diu: diém (a):
O =03 My, =M,
Diéu kién xdc lap:
®,;, = Xac dinh theo dac tinh co; M, =M, ;

Theo cdc diéu kién trén va phuong trinh (5-6), (5-7) ta c6
phuong trinh QTQD trong giai doan 1 nay:
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0=0,.(1-¢"") (5-12a)
M=M_+(M,-M,).e"" (5-13a)

Khi ® = o, : tinh theo (5-13a) khi t = t, ; M = M, thi chuyén
sang giai doan 2:

* Giai doan 2: doan (bcd) = dac tinh @:

Trén do: R,=R, = R,=R,+R,,
K®)’ M, -M
Theo dac tinh ®:‘B2‘:‘g‘ = ‘[32‘: M, - M) —
R, 0, -0,
J J K®)’
T,=7—"= =J (KD) (sec); (5-11b)
B, R (R, +R,,)

(KD)*
Diéu kién ban diu: diém (c):
WOpgr = Oy 5 M., =M, ;
bicu kién xéc lap:
®,, = xac dinh theo dac tinhco; M., =M_;

Theo cédc diéu kién trén va phuong trinh (5-6), (5-7) ta ¢6
phuong trinh QTQD trong giai doan 2 nay:

O=0,+0,-o,).e ") (5-12b)
M=M.+(M,-M,).e"" (5-13b)

Khi o = o, : tinh theo (5-13b) khi t = t,; M = M, thi chuyén
sang giai doan 3:

* Giai doan 3: doan (deXL) = dac tinh TN:
Trén do: Ry,=0 = R;=R,=R
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) (KD)’
Theo dac tinh TN: ‘BJ = ‘BTN‘ IR
ro-! / J(KCD)Z( ) (5-11c)
= = = sec); -11c
‘BTN‘ R” Ru
(K®)’

Piéu kién ban diu: diém (e):
Opz3 =05 My =M, ;
Diéu kién xdc lap:
O =045 Mg=M;;
Theo cdc diéu kién trén va phuong trinh (5-6), (5-7) ta c6
phuong trinh QTQD trong giai doan 3 nay:
O=0,+(0,—0,).e") (5-12¢)
M=M_+(M,-M,).e"" (5-13¢)
Khi ® » ®, ; M ~ M, xem nhu két thic QTQD khdi dong.

xl

Dua vao cac phuong trinh QTQD cua w(t); M(t), trong 3
giai doan ta v& dugc dac tinh w(t); M(t) khi khoi dong v6i m = 2
nhu hinh 5-6.
5.2.2.2. Tinh thoi gian khaoi dong:

C6 m cép khoi dong s& c6 (m + 1) giai doan QTQD khi
khoi dong, tir phupung trinh M(t) ta tinh duogc:
MM, (5-14)
M,—M, )

m+1 M] _Mc
Vay:  t,=t, =2t = > Tc‘i'lnﬁ (5-15)

t,=T,.In

i=1 M

L8]
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* Xay dung I(t):
Mit).
KO’

+ Dai voi DK, tu M(v), dac tinh M(w), I(®), tinh duge t;
tuong ung M,, suy ra [,(M;), va cudi cung ta c6 L(t,) va v€ I(t).

5.2.3. Qua trinh qua do co hoc khi ham:
5.2.3.1. Xét QTQD co hoc khi ham nguoc:

+ Doi v6i PMy: I(t)= (5-16) = tuong tu M(t).

+ CKT - o
B vw" A
\iﬂf Opq
C >
M, M) M. M
(Q)N

M, Mz\\ M. M
()]
A
B A
< Opg \TN
R2f
C >
M, M,\ M, M

Hinh 5-7: Cdc so do, ddc tinh ham nguoc cua DM, DM ,,, DK
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Ham nguoc, doi véi dong co dién mot chiéu (DM) thi thay
déi cuc tinh dién dp phan tng, con dong co khong dong bo 3 pha
(PK) thi thay doi thit tu pha dién 4p stato, vi dong him ban diu
16n nén cén phai thém dién trd phu (R, R,;) dé han ché dong ham
khong dugc vuot qud dong cho phép (I, 4 < I,).

Ciing nhu khi tinh todn qud trinh khoi dong, doi véi qua
trinh ham thi céc dac tinh co phi tuyén nhu DM, hay DK, ciing
duoc thay thé bang doan da tinh tuyén tinh hod tir -M, dén -M,
nhu hinh 4-8a. Phuong trinh ctia mot doan thang 4y c6 dang:

M+ M
D= - By - (5-17)
M,-M,
© o, M,I
""" (Sc)
Ona (Si)  Opa
O o o(t)
/ Q T,
3 E(")el MC N\
M ] M. AN t
Mhbd='MI1 M, M - .
a ) ; b ) Ml’Lbd M 1
o
(Dxl
T,

C

Hinh 5 -8: Ddc tinh co (a) va qud dé khi ham nguoc (b)

Momen ham ban dau c6 gia tri cuc dai: M,,, = - M, <M,
(M, ~ 2,5M,,). Khi biét gi4 tri dong dién cho phép, ta c6 thé xdc
dinh duoc dién tr& phu thém vao dé han ché dong him ban dau:
U+E,,
1

cp

R, = -R, (5-18)
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Trong do6: E,; 1a s.d.d ban diu cua dong co khi ham.
Do6i v6i DMy, tai thoi diém ban ddu qua trinh ham, s.d.d E
van gilt nguyén gia tri trudc do:
Ehd = U = IC'RI,{’ (5-193.)

Doi v6i DM, tai thoi diém ban ddu qud trinh ham, dong
dién phan ¢ng va tir thong thay déi déng thdi, liic do:

E,=K®d(l,).0, (5-19b)

Tri s6 K&/(1,,) c6 thé dugc xdc dinh tir phuong trinh can
bang dién 4p phan tng v6i I =1, trén dac tinh tu nhién:

U-1,.R
tnl
Trong d6: ,, 1a téc do trén dac tinh co ty nhién khi I =1,
Do do:
E,=(U-1,R,). 2% (5-21)

tnl

+ Diém cudi cua qua trinh him duoc xé4c dinh baéi gia tri M,
(hoac I,) va o = 0. Boi v6i BM,,, M, dugc xdc dinh nho tri s6
dong dién tuong tng:

U

= 5-22
7 R +R, (5-22)
Theo gia tri I, va dac tinh van nang cuia PM,:
E_M_ ko (5-23)
o I
Ta x4c dinh duogc:
M, =11 (5-24)

1,
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boi véi dong co DK, dién trd phu trong mach roto duoc xac
dinh tlr quan hé ti 1& gitta do truot va dién trd khi M, = const:
S _ Rt Ry (5-25)
Stnl RZ
Trong do: s,, = (2 - s,.) 1a d0 truot ban dau khi ham.
s. 1a do truot & trang thai xac lap trude khi ham.
Sy 12 dO truot trén déc tinh tu nhién khi M, = const.

Khi do:

Ry = (z‘sv —]).Rz (5-26)
‘ Sl

+ Doi v6i dong co DK, mémen M, khi @ = 0 (s = 1) dugc
x4c dinh theo cong thuc:

M, - Lj (5-27)

St btr +
t.btr

Trong do6: s,,, - hé s6 trugt téi han trén dac tinh bién tré:

%, (5-28)

Sebrr = St

S.n 12 dO truot t61 han trén dac tinh tu nhién.

Trong qud trinh ham, sy bién thién cua téc do va momen
duoc x4c dinh theo cong thic (5-6), (5-7). Vi tu (5-17):

M. +M,
o, =- o, MMz (5-29)
! MI_MZ
M, +M, _ M, +M
v v Ll R vas v (5-30)
1 2 1 2

M=—(M,+M,)-¢"" + M (5-31)

¢
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p A N 1 o
Trong do6: T, = JL O (5-32) 1la hang so6
AM T M, - M,

thoi gian co hoc khi ham.
+ Thoi gian ham ¢6 thé xac dinh:

M, +M,
tn =Tc lﬂ; (5-
M,+M,

32)

Trén hinh 5-8b trinh bay d6 thi t6c do, momen va thoi gian
khi ham. Cu6i qua trinh ham (® ~ 0) gia t6¢ van khac khong. Do
d6 muon dimg dong co thi ldc d6 ta phai cat dong co ra khoi ludi.

5.2.3.2. Xét QTQD co hoc khi ham dong nang:

C6 thé coi qud trinh ham dong nang 1 trudng hop riéng cua
qua trinh ham ngugc khi M, = 0 (I, =0) lic ® = 0. Vi vay c6 thé
khao sat tuong tu khi ham nguoc ta s€ dugc két qua tuong tu khi
ham ngugc nhung véi diéu kién cudi la: M, =0 (I, =0) va = 0.

5.2.4. Qua trinh qua do co hoc khi M_(t) bién déi nhay cap:

Céc truong hogp trén ta xét véi M (t) 1a lién tuc. Nhung thuc
t€ c6 M,(t) thay ddi, ton hidyuudng gip 1a M (t) thay déi kiéu
nhay cap (dot bién) chu ky nhu: may bao, may dot dap ...

* Mot chu ky don gian cua M
M, (t) gom c6 2 giai doan: \ M

cl

+ Mot giai doan c6 tdi:

tuong ing M, t,.
MC2

+ Mot giai doan khong tai:

tuong ting M, t,. 0 0

Chuky:t, =t +t, t,
Hinh 4-9: Chu ky M. (t)
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Momen M, (t) bién déi chu ky thi M(t) va o(t) ciing thay déi
chu ky. Hé thong TPD luon lam viéc & ché do qua do, néu khao
sat QTQD d6 s€ xac dinh dugc kich thudce, trong luong banh da
va cong sudt dong co dé dong co chiu tai t6t va san bing phu tai.

Trong méi giai doan, coi M (t) = const, M(®) tuyén tinh va
U,quen = const, bo qua Ty, thi o(t) va M(t) s€ bién thién theo quy
luat ham mi, theo (5-6), (5-7), ta co:

Doi v6i doan thit nhat:

O= Oy + (D - Oyy). ™ (5-33)

M=M,+ (M, -M,).e"" (5-34)
Dai v6i doan thi hai:

O= Oy + (Opgp - D). ™" (5-35)

M=M,+ (M, -M,).e" (5-36)
Momen va tdc do bién thién trong pham vi tt M,,, = M,

min
dénM,, =M, vaw,, =0, dn w,, = 0., Vay, doi v6i doan

thit nhat va thit hai ta c6 thé viet M(t,) = M,,, va M(t,) = M,,.
Thay céc diéu kién nay vao (4-33) + (4-36), ta riit ra:
M. =M, + M, -M,).e"" =M,, (5-37)
M., =M, + (M, -M,).e """ =M, (5-38)
Giai ra, ta c6:
M (1—e ) e o M, (1—e ')
(] _ eft(’k/Tz )

M, =M, =

min

(5-39)

My (1—e M) et e oy (1— e
(1- e*f«k/Tr)

Mmax = Mccl = (5_40)

Céc gid tri o, va M, c6 thé tim dugc theo dic tinh co
tng v6iM=M,,, vaM=M__..
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Hinh 5 - 10 biéu dién quan hé gitta momen ctia dong co véi
thoi gian. Trong doan thd nhat M < M,,, t6c do giam, ldc nay
dong co lam viéc nho dong nang ctia khéi lugng banh da.

Dén doan thit hai M > M,,,
momen du lam cho toc do tang 1én,
ttic 1am tang dong nang du trit clia M,
truyén dong dién. Do d6 M, , clia TTOM,.
dong co khong nhat thiét phai bing 7 M,

i
Mc2

M

C

M. ,...» Phan chénh léch d6 do banh \Y
da cung cap. Nhu vay, khi giam
chu ky bién thién cua M, va gilt
T, = const, hoac khi tang T, va gilt 4 b
t, = const, thi cac tri s6 M, ;, va Lex
M, . s€ tién lai gan nhau, nghia la Hinh 5-10: Chu ky M (t)
d6 thi momen va toc do dong co

duogc “ndn thdng”. Thudng thém banh da phu dé “ndn thdng
momen. Khi: ¢, /T. - 0 va ¢, /T, — 0 thi:
M . t;+M,.t,

b

M =Mmax = (5-41)

min

t('k

* Truong hop: d6 thi M (t) thay déi nhay c4p nhiéu doan:

M
Mc3
Mcl MccS Mcl
S . =
Aenrans D P W T Y T Y, AT t
Mg, //- M., S (
MC2 Mcc 4 Mc6 -¥cch
Mc4 t
t 5ttt ot g
tck

Hinh 5 - 11: D6 thi M (t) nhdy cdp nhiéu doan
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Bang céch dp dung lién ti€p cdc cong thic (5-39), (5-40) ta
s& x4c dinh dugc gi4 tri momen dong co & diém cudi cha ting giai
doan:

M,y =My e+ M (1-e7""") (5-42)

C

M., =M, . e L M (1—eT) (5-43)

Da6i v6i doan thit i bat ky:

Lot

4 !

_ A
T, -1/, T.
M. =My.e T +M (1—e ") e 7T 4

it/_

(5-44)
+ M, (1—e ) e T4
Va doan cudi cung (doan thtr m) va dat cac gia tri moémen
dong co ¢ dau va cuoi chu ky bang nhau (M, = M,,,), ta c6:

i
lg=D0;
_ 1

SM (1-e )¢
Mgy =M op = = (5-

cem 1 _ eitl‘/\' /T[

45)

Céc biéu thiic (5-44), (5-45) cho phép dung phuong phép
giai tich dé x4c dinh cdc tri s6 momen ban dau va cudi cung clia
tat ca cac giai doan trong chu ky, nghia la cho phép vé duoc dé thi
bién thién cia mémen dong co.

Hing s6 thoi giai co hoc T, cang nho thi momen bién déi
cang 16n, khi dé thi phu tai bién déi manh liét, momen dang tri sé
vuot qud gid tri trung binh mot cdch ddng ké, va 1am tang phat
néng dong co, Dinh cao nhét cia momen (M,,,,) c6 thé 1a khong
cho phép doi vé6i kha nang chiu qua tdi chia dong co (M,,,, > M,,).

Mu6n san bing d6 thi momen, ta c6 thé ting hing s6 thoi
gian co hoc T,, diéu d6 c6 thé thuc hién bing cdch thém banh da
phu hoac 1am mém dac tinh co cua dong co.
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§5.3. QUA TRINH QUA PO CO HOC KHI

Uxguox = CONST VA Mppng(®) LA PHI TUYEN :
5.3.1. Phuong phap giai tich:

+ Khi khao sat QTQD doi véi cac hé thong TDD véi dong
co dién c6 dac tinh co M() 1a phi tuyén nhu DM, ,, DK, hay cac
phu tai ¢6 M () 1a dudng cong nhu mdy bom, quat gio, hay
M/(®) ..., lic d6 M,,,(w) s€ khong con tuyén tinh nita, nhu vay ta
c6 thé khao sat QTQD cuia hé thong theo hai phuong phap:
5.3.1.1. Phuong phdp gidi tich:

Phuong phép nay dugc dp dung khi M(®) va M (o) c6 thé
biéu dién bang nhitng ham gidi tich khong phiic tap qud, vi du
nhu DK, ¢6 thé biéu dién M(m) twong déi chinh x4c qua:

oM,

s, S (5-46)

Phuong trinh chuyén dong:

2M
oy =79 gy B (5-47)
S S dt dt

s, s

* Khi M (o) = const:

Jo, s? +s?

t= ".J
M,
¢ gt 2 "lg gyt

c

ds (5-48)

Tich phan trén dugc xé4c dinh bang cach khai trién biéu thitc
duéi ddu tich phan thanh cac phan thic co ban. Sau khi 1ay tich
phan va thay can ta c6:
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Mt Mt ’
Trong d6:  s,, =5, + —1 (5-50)

T =—* (5-51)

* Khi khong tai M (o) = 0 thi bi€u thic (5-48) s& don gian:

=2 j( +i]d (5-52)

C2M.s, )P )
Sau khi lay tich phan ta c6:

t 1 s

= Z(Si" — 57 +2s7 ln%j (5-53)

t t

Céc biéu thic (5-49) va (5-53) cho phép xéc dinh dugc quan
hé gifta momen va do trugt theo thoi gian. Cho trudc mot loat gid
tri cta s, ding biéu thic (5-47) ta xac dinh duoc tri s6 tuong ting

ctia M; theo (5-49) ta xac dinh dugc céc gid tri cla t.

Hinh 5-12 gié6i thiéu cac quan hé gitta momen va toc do véi

thoi gian trong QTQD khi khai dong dong co DK.

C6 M(w) va o(t) sé tim dugc M(t) nhu trén hinh 5-12. Vi du

c6 t, s tim dugc m,, va tim dugc M, va cudi cung ta c6 M, (t,).

Néu M (®) =0 thi: 0,0 vas, ~2.

+ Trong qua trinh ham nguoc thi: s,y =2; s, .~ 1, va o, = 0.
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+ Trong qua trinh dao chiéu : s,,=2; s, ~0,va ®, =~ - o,.

Truong hop biét s, va s, s€ tinh dugc:

T S
ty = 4’ {(s,fd —si)+25t2 lnﬂ} (5-54)
s, »
al o M
s=2 o, %
\ M{ .......................... o KN
o)
s=1 — i /(D(t) _
OM_M. M, M ot t
M, ta
Hinh 5 - 12: Quan hé M(w) va
5= S -0, M(t), axt)

Thudng két thic QTQD khi s, = 5%s,,. Thoi gian qua do t,,

phu thugc vao s, va T,, nén muon c6 t 4., thuong la thay dai s,

5.3.1.2. Phuong phdp do thi gidi tich:

Pay la phuong phap gan ding, nhung don gian va tién lgi
hon phuong phap giai tich.
Phuong trinh chuyén dong:

d
Mo @) = Myf) =M -M =] > (5-55)
. do
CoiJ =const, ratra: dt=J (5-56)
M, (®)
Ao
LAy tich phan gan ding: Ar=J | do (5-57)
oM, (®)
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Trong khoang At nho c6 thé coi My,,,(®) = const, do dé:

Ao,
At =J

1

(5-58)

dg.thi
Trong d6: Aw, = w, - @,

M, ,; 1a momen dong trung binh trong khodng Aw;.

1
bat: N = ;v
a 5 (®) M, (o) va (A4

chinh 1a dién tich trén mat phang [M, o] do dudng N, bao.

i

j Aw; =Ny, - AD

dg.tbi

(0] ) \M
X Oy Yo
— —_— —
Ndéng Mu
M () NI, 7
M 2 Ve
dong / M. F— M(t)
1/lvldg.tbl ~\‘\— 74 A@z MC 2 ©
M \‘-\_ t / ('01 t
M,,.. M, M; MM, M,
dong ‘MS iv[z ! At, T AL AT A, At

Hinh5 - 13: Do thi , M (@), N (@) va M(t) va axt)

Chon trude cac gid tri Aw;, s€ xac dinh dugc (1/M,,,,) nho
Mone(®) da biét, tir d6 tim dugc At; theo (5-58).

Thuong chon Aw, = const, nhu thé ta sé xac dinh duoc t,, o,
va M(®,), cudi cung ta c6 M(t) va o(t).

Trén hinh 5-13, ta co: At; =my,, .m,.s;.J (5-59)
Trong d6: m,,, - ti xich theo moémen (1/N.m.mm);
m,, - ti xich theo t6c do (Rad/s.mm); s, - dién tich (mm?).
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§5.4. QUA TRINH QUA PO CO HOC KHI U6y = VAR:

bay 1a QTQD trong hé thong TDD c6 bo bién doi - dong co
(BBD - BDC) nhu h¢ F - bM, T - bM, KDT - bM, BT - DK, ....
Cé4c hé thong nay thuong diéu chinh céac thong s6 nguén: thay doi
dién 4p nguén (thay doi U, U, ...)

Lu6i ~ Lu6i ~
u,=const
f,=const
Bodk  ppp Bodk) ppp
Upp=var
fgp=var
=" = -

Hinh 5 - 14: Hé thong BBD - DM, BBD - DK

Khi tic dong diéu khién khong déi, hé thong tuong tu nhu
khi c6 dién 4p nguén khong déi (da xét & trén).

Khi tic dong diéu khién thay déi theo quy luat cin thiét, thi
hé thong s& c6 dién 4p nguodn thay doi, va nhu vay sé tao ra dugc
céc dac tinh mong muon ctia QTQD. D6 chinh 1a wu diém cha hée
théng bo bién doi - dong co.

4.4.1. Hé thong Bé bién doi - dong co dién mot chiéu:
Cdc gid thiét: Momen can khong déi: M, = const.
Dong dién phan tng (I,) lién tuc.

Nhu vay khi thay déi tdic dong diéu khién (dién dp diéu
khién u,) ta s& c6 cdc dac tinh diéu chinh 13 nhitng dudng thang
va song song voi nhau.
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Qué trinh qud do c6 thé mo ta theo phuong trinh vi phan
tuyén tinh sau:

do
T o +to=0, (5-60)
Trong doé:
o, (t)=o,0)- BC =0,(t)-o (1)
(5-61)
o, (1) = e
0 kb

Céc gia tri dién ap ugy(t) khdc nhau s€ c¢6 cic QTQD khac
nhau trong hé thong TDD.

* Pé don gidn, xét QTQOP khi khéi dong BBD - PM cé:
bién dp bo bién déi:
Upp(t) = k,.t khi 0 <t<t, = Up,/k, (5-62)

va dién ap dinh mtc: Uy, ,,, = const khi ¢, <t

+Khit<t,: (1) = Egpt (5-63)
@y(t) = Egp.t - A®, (5-64)
ku UBD.dm

Trong d6: gia toc &, = - thudng cho trudce.

K¢ Kot
+ Qua trinh qua d¢ khi khoi dong sé qua 3 giai doan:
*Glaidogn 1: 0<t<t,; M<M,; ©=0;ug(t)=k,t

M = K¢l, =Kol =Kot

R

. - (5-65)
KO un® (KO K, g
RuX K(I) RuZ K(I) o
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Vay, momen tang ti 1& bac nhat véi thoi gian. Va diém lam
viéc clia dong co s& dich chuyén trong mat phang [®, M] theo
truc hoanh nhu hinh 5-15a.

M
Khi t =t , két thiic giai doan 1: t, = —— (5-66)

€5
*Giaidoan 2: t,<t<t,; M2>2M_; o #0; ug(t) =k,.t
Tait=t,: M=M.: o,t,) = gpt, = Ao,;

M, ., .
Aw, = F‘ - 1a do sut toc ctia dong co khi M = M...

Diém lam viéc s& dich chuyén tir dic tinh nay sang dic tinh

khac theo quy luat nao d6 (dudng c¢6 mui tén chi trén hinh 4-15a).
Doi goc toa do téi t =t,, ldc nay tinh thoi gianlat’ =t -t
Phuong trinh vi phén:

dw ,
7—‘(,' dtr +o= (’Oxl (5_60 )
o, (t)=0,()-Ao,
' . , (567)
=Epp.l, T Ep, I'—AD, =€y, .1
+ Nghiém riéng cta (4-60’): o, =¢€,,.t'+B (5-

68)

Heé s6 B xac dinh theo (4-60’) khi thay ®, vao va dong nhat
cicheéso: T .e,, +e,, t'+B=¢gy.t'

Ta c6: B=-T. g,
+Nghiém trdo: o, =c.e”™ (5-69)
Nghiém téng quat:

O=0,+0, =¢cy.t'"~T.cy +ce™ (5-70)
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Khit’=0thi ®=0nén C=T.. gz, va ta co:
o=¢g,,.t'-T..cp(l—e""") (5-71)
Trong giai doan nay:
M=M +J ‘:;f M 4T g, (1—e""") (5-72)

Khi t =t,, ugp(t) = Ugp 4.0 ©,(1) = ®, 4., k€ thiic giai doan 2.

* Giai doan 3: t,<t; M =M, ; ® > 0; dién dp bo bién doi
ldc nay: ugy(t) = Ugy 4, = CONSst;

Doi goc toa do t6i t = t,, lic nay tinh thoi gian lat” =t - t;:

Tuong tv QTQD co hoc khi dién d4p ngudn khong déi, 4p
dung cédc két qua trén ta c6 phuong trinh:

O=0,+(0,, -0, ).e""" (5-
73)
M=M_+(M,,—M,).e""" (5-74)
Oy = @, 4, - A, (5-75)
Diéu kién ban dau:

Wy = @, = (1) VoIt =t -t (5-76)
My,=M.,=Mt)V6it =t -t (5-77)

Su bién thién cua m(t) va M(t) trinh bay trén hinh 5-15.
Tu (5-77): My =M-M.=Je(l -e") (5-78)
e=daldt = g(1 - ") (5-79)

Ta thay rang, trong QTQD khi khéi dong thi momen dong
M,, va gia s6 € khong phu thuoc M, ma chi phu thudc vao g, va
T.. Nhu vay khi cho trude hé thong TPD c6 T, = const thi chi con
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lai €, do d6 ta ¢ thé diéu khién QTQD mot céch tuy y khong
phu thuoc vao phu tai.
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) o, M
(Do.dm T i (Do.dm
N ch Mm @ 1 O, 5%
<o, T 7
w"(t)s vl / W 5%
\ - \\ c /)O(t
o(t)
—
oo M, >~M, M 0 ¢ t, ty M

ta = ba

Hinh 5 - 15: Ddc tinh e(M), quy dao pha, a(t) va M(t)

* Doi voi QTOD khi ham va ddo chiéu: c6 M,, va & tuong
tu & trén, khi giam o (t) mot cach tuyén tinh va M, = const thi ta
c0 gpp <O0.

Ta c6 thé lua chon quy luat bién thién clia ugy(t) dé tao ra
dugc dac tinh mong muon cta QTQD trong hé thong TDD.

5.4.2. Hé thong Bo bién déi - dong co dién xoay chiéu:

Truong hop hé thong bo bién tan (BT) - dong co khong
déng bo (PK), tic dong diéu khién lam thay ddi dién 4p va tan so
cta bo BT theo quy luat nao d6 (thong thuong la theo quy luat
Ug/f5r = const).

Gia thiét bo qua anh hudng cua cédc séng di€u hoa bac cao
ctia bo BT dén dac tinh co. Nhip do bién thién cta ug, va fz, dam
bao sao cho: M < M, (tdc la dong co lam viéc & doan dic tinh co
c6 s < s,). Khi d6, thay d6i dién dp diéu khién bo BT thi dac tinh
co c6 thé coi 1a nhitng dudng thang song song nhau.
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V6i nhitng gia thiét trén, hé thong BT - DK c6 thé xem 1a hé
tuyén tinh, nén ta c6 thé dung céc phuong trinh tuyén tinh & hée
BBD - DM trén dé khao sét cho hé BT - K.

Lic nay: fzr=k.t; va: ggr=do/dt = 2n/p).k; (5-
80)
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§5.5. QUA TRINH QUA PO PIEN - CO TRONG HE TPD:
Doi v6i hé ma dong co cé dién cam I6n thi hiang s6 thoi

gian dién tir s€ 16n, nhu vay ta phai xét QTQD c6 ca T, va T, goi
la QT QP dién - co trong hé thong TDD.

Vi du, khi khéi dong truc ti€p dong co DM, Néu khong c6
dién cam L, trong mach phan tng thi xay ra hién tuong thoat dau
dong dién phan tng tang vot 1én tri s6 bang dong ngan mach roi
sau d6 giam déan theo quy luat ham mii.

Nhung thuc t€, do c6 L, nén dong dién khong tang dot bién
nhu vay dugc. Va QTQD sé dién ra khéc di.

Vi du xét QTQD mach phan ting DM,

+ U, - + U, -
>
I, i, Re L, E

a)  R,L, b)

Hinh 5 - 16: So' do mach phan ting DM va so do thay thé
Phuong trinh dac tinh qua d6 mach phan tng:

u, =i, R, +LUCE—:+E=iu.Ru +L, ‘Et“

+Kow; (5-81)

Mat khic: My, =M- M, = J‘;—Ct‘) (5-82)

Nén: M=M,_+ J(cll_(to (5-83)
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Suyra:  1,=I, + J do (5-84)
K¢ dt
. 2
Dao ham (4-84) ta c6: Se = 1 4@ (5-85)
dt K¢ dt
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Thay (5-84), (5-85) vao (5-81) ta c6:

IR, do JL, d%o

u we Ny —t '
K¢ dt K¢ dt*

+Kdo  (5-86)

Bién déi, ta cé:

2
o, pdo, 6 (5-87)
c dt x1

T.T
O ae?

Trong do:
T,=L/R,-hing so thoi gian dién tir mach phan tng.
T.=J/B=(JR,)/I(K@) -hing s6 thdi gian co hoc.
w,=0,-A0, = o, - (I,.R,)/K¢- tdc do xac lap.
Phuong trinh dac tinh cta (4-87):
T.T.p+Tp+1=0 (5-88)
Giai (5-88) ra ta c6 nghiém:
1, 1-GT/T) 5:89)

2T, 2T

u u

P, =~

+ Néu: T, > 4T, thi (5-88) c6 nghiém thuc va am:

1+.,1-(4T, /T,) (5-90)

2T

u

Pip ="0, =

Va w(t) s€ bién thién theo quy luat ham md.
+ Néu: T, < 4T, thi (5-88) c6 nghiém phtc (phan thyc am):
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P ,=-atjQ (5-91)
AJ1-4T /T
Trong do: OLZZ}F ; Q= (ZTU/ ) (5-92)

Va o(t) s€ bién thién theo quy luat ham bac hai (dao dong).

Trang 177

Ths. Khuong Cong Minh

Gido Trinh: Truyén dong dién Tu dong




Ths. Khuong Cong Minh Gido Trinh: Truyén dong dién Ty dong

CHUONG 6
CHON CONG SUAT PONG CO PIEN

§6.1. KHAI NIEM CHUNG

Mudn hé théng truyén dong dién tu dong (HT TDDTD) lam
viéc ding céc chi tiéu ky thuat, kinh t€ va an toan, can chon ding
dong co dién.

Néu chon dong co khong phu hgp, cong suat dong co qua
16n, s& lam tang gid thanh, giam hiéu suét truyén dong va giam hé
sO cOng sult cosq.

Nguoc lai, néu chon dong co ¢6 cong sudt qua nhod so véi
yéu cau thi c6 thé dong co khong lam viéc dugc hodc bi qué tai
dan dén phat néng qua nhiét do cho phép gay chdy hoac giam tudi
tho dong co.

Khi chon dong co phai can ¢t vao tri s6 va ch€ do lam viéc
cua phu tai; phai xét dén su phat néng ctua dong co lic binh
thuong cling nhu lic qua tai.

Khi mdy dién lam viéc s€ phét sinh cdc t6n thit cong sudt
AP va t6n that nang luong:

AW = j AP.dt (6-1)
1

Tén thit nay sé dot néng mdy dién. Néu mdy dién khong c6
su trao d6i nhiét véi moi truong thi nhiét do trong may dién s&
tang dén vo cung va lam chay mdy dién. Thuc t€ thi trong qua
trinh 1am viéc, mdy dién c6 trao doi nhiét v6i moi trudng nén
nhiét do trong né chi ting dén moi gid tri 6n dinh nao doé.

Do6i v6i vat thé dong nhit ta co:

AP.dt = C.dt + A.t.dt (6-2)
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Trong do:

T=(t°,4 - t°,) 1a nhiét sai (d0 chénh nhiét do gitra may dién
va moi truong, tinh theo do °C).

t° 4 12 nhiét do cia may dién (°C).

t°,, 1a nhiét do moi truong (°C).

A 1a hé s6 toa nhiét cua may dién (Jul/ cal.’C).

C 1a nhiét dung cua may dién (Jul/ °C).

dt 1a khoang thoi gian nho (s).

Giai phuong trinh (6-2) ta dugc:

+ Qua trinh dot néng khi mdy dién lam viéc (nhiét sai tang):
T= Ty + (Tpy - Tog)€° (6-3)

+ Cac duong cong phat néng va ngudi lanh ctia may dién:

A
s}

A\ 4

Tod
i L,
30 30,
a) b)
Hinh 6 - 1: Puong cong phat nong (a) va ngudi lanh (b)
tong qudt

Trong doé:

T, = Q/ A 1a nhiét sai 6n dinh ctia mdy dién khit= oo .
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Q la nhiét lugng cua may dién (Jul/ s).
T,q 12 nhiét sai ban dau khi t = 0.
0 = C/A 1a hang s6 thdi gian d6t nong.
Khi t =0 va 1,, = 0 (titc ban dau t°,, = t° ) thi:
T=1,,(1-¢"% (6-4)

+ Qu4 trinh nguoi lanh khi mdy dién ngiing lam viéc (nhiét
sai giam):

T=1,.e"% (6-5)

Trong d6: 6, 12 hang s6 thdi gian nguoi lanh.

a
a

AT
y

Tod

30

a) b)
Hinh 6 - 2: a) Duong cong phdt néng khi t,, = 0,
b) Puong cong nguoi lanh
* Cac ché do lam viéc cua hé phan loai theo t ¢6 3 loai:
+ Ché do dai han: khi c6 tai lau dai, 7, = 1., (hinh 6-3a).

+ Ché€ do ngan han: Trong thoi gian ¢6 tai: ©
hinh 6-3b.

cuii < Tog DU
+ Ch€ do ngéin han lap lai: ldc ¢6 tai: T, < Ty , lc dimg thi
Ty % Tpa DU hinh 6 - 3¢, (1. =, , Tu =t,) -
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P 1 P 1 P
A A A

P P, P,
Tod Tda
\ AR
t “—> > ™
l:lv tn
a) b) c)

Hinh 6 - 3: Phdn loai ché do lam viéc theo ©

§6.2. CAC CHI TIEU CHAT LUONG VA CAC BUGC
CHON PONG CO PIEN

6.2.1. Cac chi tiéu
6.2.1a. Chi tiéu ky thudt
Pong co duge chon phai thich ting v6i moi truong lam viéc:

Tuy theo moi trudng: kho - uét, sach - bin, néng - lanh, ho
chét an mon, dé ng, ..., ma chon cdc dong co ki€u: hé - kin, chéng
nudc, chong hoa chat, chong nd, nhiét déi hod, ...

Dong co dugc chon phai thoa man di€u kién phat néng khi
lam viéc binh thuong cling nhu khi qua tai (day la diéu kién co
ban):

Tae ST hay: 0, <7, (6-6)

(t°,, phu thuoc vat liéu ché tao va két cau timg loai dong co)

Cp;

Pong co duge chon phai dam bao tdc do yéu cau: toc do
dinh miic, ¢6 diéu chinh to¢c do hay khong, pham vi di€u chinh téc
do, diéu chinh tron hay diéu chinh c6 cap.
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Chon loai dong co thong dung hay dong co ¢6 diéu chinh
toc do. Chon loai dong co xoay chiéu hay dong co mot chiéu ...

bong co duge chon phai dam bao khai dong, ham, dao
chiéu ... tot.
6.2.1b. chi tiéu kinh té

bong co dugc chon phai 1am viéc v6i hiéu suét kinh t€ cao,
von dau tu bé, chi phi van hanh it, bao quan va stra chita thap, su
dung hét cong suat...
6.2.2. Cac buéc chon cong suat dong co

Pé tinh chon cong suit dong co can phai biét mot s6 yéu
cau co ban:

- Pac tinh phu tai P (»), M, (o), va d6 thi phu tai P(t),
M.(1), o (D).

- Pham vi di€u chinh t6c do D: o, va ®,,, .

- Loai dong co dinh chon (xoay chiéu, mot chiéu, dic biét).

- Phuong phdp diéu chinh va ding bo bién déi gi trong hé
thong.

Diéu kién chon:

M, 2 M.+ M, + M, (6-7)
Céc budc tién hanh chon cong suat dong co:
6.2.2a. Buoc 1

Can ct M (t) hoac P.(t), I.(t), ... hinh 6-4a , tinh m6 men
trung binh:

Zn:Mc.i'ti
M, =———; (6-8)
>
1
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Dua vao so tay tra ctu,
so bo chon dong co co:
Mmoo = Myy5 (69)

dm.chon
M - m6 men dinh

dm.chon
muc ctua dong co dugc chon.
6.2.2b. Buéc 2
Tinh m6 men dong

(trong qué trinh qua do)
dua vao o(t):

M, =M, -M
do

=J=
dt

o
9,55 dt

¢

J
=——.l1gQ
9,35 (6-10)

Trong do: a 1a goc
nghiéng n(t) & hinh 6-4b
trong qua trinh qua do.

J 1a m6 men quén tinh
ctia hé thong da quy doéi vé
truc dong co.

M

a)

C

A M

Hinh 6 - 4:
Do thi cdc budc chon P

d.co

V& bi€u d6 M,,(t) nhu hinh 6-4c.

6.2.2¢c. Buoc 3

VEé biéu do phu tai dong M

c.dg

(t) nhu hinh 6-4d:

M.y =M.+ M, + M, ; (6-

11)
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6.2.2d. Buoc 4
Dua vao M, 4,(t) tién hanh kiém tra kha nang qud tii cua
dong co theo diéu kién:
A’M'Mdm 2 Mmax; (6_12)

Pong co thuong: Ay =2

bong cobK,,: Ay=2+3

bongcobK,,: Ay=18+3

bong co DK 5,1 Ay =1,8+2)7
6.2.2e. Buoc 5

Cu6i ciing kiém tra lai cong suat dong co theo diéu kién
phét néng (cu thé s& khao sat & phan sau).

- Néu sau khi ki€ém tra ma khong thod méan cdc diéu kién
phéat néng va qua tai thi phai chon lai dong co; thuong tang cong
sut dong co 1én mot cap.

* Gan ddng: bo qua qud trinh qud do coi M,, ~ 0. Nhu vay
chi cdn M(¢) tinh, di tinh M,,(t) r6i chon so bo dong co, sau ki€ém
tra lai theo diéu kién phat néng theo biéu d6 phu tai tinh.

§6.3. CHON PONG CO PIEN KHI ? )
KHONG DIEU CHINH TOC bO
6.3.1. Chon dong co dién lam viéc dai han
6.3.1a. Chon dong co phuc vu phu tdi dai han khong doi
Dua vao P.(t) hoic M (t) da quy ddi vé truc dong co.
Vi du nhu hinh 6-5, dua vao s6 tay, chon dong co co:
P, >P_; (6-13)
Thong thuong chon:
P,,=(1+1,3).P,; (6-14)
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PC A
Khong can kiém P.(V)

nghiém qua tai vé mo

men, nhung can kiém

nghiém diéu kién khoi »t

dong va phat néng. Hinh 6 - 5: Phu tai dai han

6.3.1b. Chon dong co phuc vu phu tdi dai han bién doi

Mc
A
MCZ MC2
MC4
Mcl Mcl
Mc? cn
<—N—N—N—> ............ —>ie >
JLTE BTN B CO A VI t, it it
tck

Hinh 6 - 6: Phu tdi dai han bién doi

Céc budc tién hanh chon dong co nhu muc 6.2, & day chi
trinh bay bude chon cong sudt dong co theo tri trung binh:

> M.t
tb = L n
>
1
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n

Y Pt

P, =—— (6-15b)
2t
1
Dong co chon phai c6:
Mgy = (1 + 1.3)M,, 5 (6-16a)
P, =1+ 1,3)P, ; (6-16b)
Diéu kién kiém nghiém: theo diéu kién phdt néng, qud tai
vé mo men va khoi dong.
6.3.2. Chon dong co dién lam viéc ngan han
6.3.2a. Chon dong co dai han lam viéc cho phu tai ngdn han

Néu chon Py, ;.. > P. ., P <
thi T <7, , nhu vay s€ khong

str dung hét kha nang chiu
nhiét cia dong co. Vay c6 thé
chon cong suit Py ;. <P !

Gia str dong co dai han
cO Py 4 VA My - Khi né lam
viéc trong ché do ngin han
v6i thoi gian t,, thi c6 thé tang
phu tai dén:

Peoh =APgan 3 (6-172) R N
M, =AMy . ; (6-17b) Hinh 6 - 7: Phu tai ngan han

<
€

Khi d6 phai tinh todn thoi gian 1am viéc sao cho phat néng
clia dong co dat gid tri cho phép (dé tan dung hét kha nang chiu
nhiét cia dong co).

V6i dong co dai han (duong 1):
Toat = (AP g / A) = Tep (6-18)
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Khi chon dong co dai han ¢6 cong sudt nho hon phu tai
ngan han thi:
Toar = (AP [ A) > Toq =T (6-19)

Muoén t tién t6i 1,4, = 1., trong thoi gian 1am viéc t,, thi dua
vao phuong trinh dudong cong phdt néng véi diéu kién ban dau la
Toq = 0, ta co:

~tlv/ O ~tlv/ O
Toar = Toa-(1 - € W) = (AP, / A).(1-¢ M =1
Hé s6 qua tai vé nhiét khi chon P, ;. <P,

Qo = APy / APy g = Toar / Tora = 1/ (1 - € o e) (6-21)
Mt khéc ta co6:

cp

(6-20)

Cp;

o LA

AP, = AP, (1 - e ™0 (6-22)
Ruit ra:
t, = 0.In[ AP, , / (AP, , - AP, ,.)] (6-23)
Heé s6 qua dong khi chon Py, .. <P, 1a:
da = Leon / Lanam = Peon / Panam (9-24)
Mat khéc:
4, = AP,/ APy = (K + V) / (K + Vi)
=K+ 9, Vanam) / K+ Vi am) (6-25)
bat: K/ Vg, 4m =0, (thuong: o = 0,5 + 2) ta co:
g =(a+q,) /(o + 1) (6-26)

[1+o.e ™
qd = 1 n e_tlv /0 (6‘27)

Va cudi cung ta chon dong co dai han phuc vu cho phu tai
ngan han:
Pdh,dm.chon 2 Pc.nh/qd (6_28)
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6.3.2b. Chon dong co ngan han phuc vu phu tdi ngan han
7 Pong co ngan han dugc ch€ tao c6 thoi gian 1am viéc tiéu
chuan la:
t. =15, 30, 60, 90, ( phut ). Nhu vay ta phai chon:
t, =1t (6-29)

Pdm.chon 2 Plv.nh (6_30)

Néu t, #t, thi so bo chon dong co co t, va P, gan véi gia
tri t, va P, .. Sau d6 xdc dinh t6n that dong co AP, v6i cong suat

c.nh*
P,., va AP, v6i P_ ;. Quy tac chon dong co la:

c.nh*

l—e/®
APdm.ch(,)n = ElT_t“/G; ' APc.nh (6-30)

Dong thoi tién hanh kiém nghiém dong co theo diéu kién
qua tai vé momen, momen khoi dong va diéu kién phat néng.

6.3.3. Chon dong co lam viéc ngan han lap lai
6.3.3a. Do thi phu tdi va duong cong phdt nong

Sau mot s6 chu ky lam viéc, t(t) s€ dao dong trong
khoang 1. + 7T, :

Trong KhoAng t,, : T =Tyy - (Toq - Tyy )-€ V° (6-31)

Trong khoang t,: t=1,,.¢"%; (6-32)
Ta tinh duoc t,,,, vat,,, :
Tax = Téd'(l -€ w 9) + Tmin'e_ w0 (6_33)
Trnin = Tmax'ei w/ G (6_34)
l—e /"
Tinax = Toa- {W} (6-35)
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l—eitlv/e —t /0
Tinin = Tod- {W e (6-36)
Néu 6 =6, thi:
1—e™/”
Tmax = T()d' |:l _ e’tck/e (6‘37)
Khai trién chudi Furié va 1ay s6 hang thit 1 ctia chudi ta co:
Tnax ® Toa-( by / T ) = Toa-€ (6-33)
Pz
A
< 0 > Pc.nhll Pc.nhll Pc.nhll

\

t

0,
Hinh 6 - 8: Do thi phu tdi va duong cong phdt nong

6.3.3b. Chon dong co dai han phuc vu phu tdi ngan han ldp lai

Thudng chon dong co dai han c¢6 P, ,. < P, dé tan dung
kha nang phat néng cho phép ctia dong co. Nhu vay hé s6 qua tai
vé nhiét:

1 — e (n/0+/00)

l—e/®

(6-39)

qn = T(")d / Tmax =
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Bién doi s6 mii:

ti+t_" :l. t]v+ﬁ :ti. 1+& :ti; (6_40)
0 0,) 0 0, | o t, | €0

o Iv
B 1a hé s6 xét tGi diéu kién lam mat bi kém di trong thoi
gian nghi.
B =0,5 d6i v6i dong co dién mot chiéu.
B =0,25 do6i v6i dong co dién xoay chiéu.
€ = ———— la hang s6 thoi gian dong dién tuong doi co
t, +B.t,
xét dén di€u kién 1am mat bi kém di trong thoi gian nghi.
Cudi cung ta co6:
1_e*l]\,/£.e
qn = 1 _ e_tlv/e

(6-41)
Chon cong suat dong co dai han phuc vu phu tdi ngan han
lap lai:
APdh.dm.chq)n > APc.nh/qn (6_ 42)
6.3.3c. Chon dong co ngan han lip lai phuc vu phu tai NHLL

Pong co ngan han 1ap lai thudng dugc ché tao chuyén dung
c6 do bén co khi cao, quan tinh nho (dé dam bao khéi dong va
ham thuong xuyén) va kha nang qua tai 16n (tir 2,5 =+ 3,5 lan).

Dong thoi duoc ché tao véi thoi gian dong dién tiéu chuian
la: g,.% = 15%, 25%, 40% va 60%.

bong co dugc chon:
8tc(yo = gfuléi% (6_43)

Pdm.chon 2 Pc.nhll (6'44)
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Trong truong hop €,.% # €,% thi can hiéu chinh lai cong
suat dong co:

Pdm.chon = Pc.nhll . (6_45)
Sau d6 phai kiém tra vé mo6 men qua tai, khoi dong va phat
nong.

§6.4. CHON PONG CO PIEN KHI PIEU CHINH TOC PO

Pé tinh chon cong sudt dong co trong trudng hop nay can
phai biét nhitng yéu cau co ban sau:

1. bac tinh phu tai P (®), M, (®) va d6 thi phu tai P(t),
M.(0), o (V)

2. Pham vi diéu chinh t6c d0: D=, /O,

3. Loai dong co dinh chon ( mot chiéu, xoay chiéu, ... ).

4. Phuong phap diéu chinh va bo bién déi trong hé thong
TPDTD do6.

Hai yéu cdu trén nham xdc dinh nhiing tham s6 P va

yc.max

M

yc.max*
Vi du: D6i v6i phu tai truyén dong yéu cdu trong pham vi
diéu chinh c6 P = const (xem hinh 6-9a).

Ta c6 cong sudt yéu cau cuc dai: P, = P, = const, nhung

max

moO men yéu cau cuc dai lai phu thudc vao pham vi diéu chinh:
Mmax = Pdm / O‘)min .

Doi v6i phu tai truyén dong yéu cau trong pham vi di€u
chinh t6¢c do, M = const (xem hinh 6-9b).

Ta c6:

P.x=M

max dm*

(O

max °*
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('OA

Ol -

& max

M., P,

a)
Hinh 6 - 9: Cdc ddc tinh P (®) va M (®)

Hai yéu cau vé loai dong co va loai truyén dong c6 y nghia
dac biét quan trong. N6 xdc dinh kich thuGc cong sudt lap dat
truyén dong, badi vi hai yéu cau nay cho biét hiéu suat truyén dong
va dic tinh diéu chinh P, ,(®), M, (®) cta truyén dong. Thong
thudng céc dac tinh di€u chinh nay thudng phu hop vé6i dic tinh
phu tai yéu cau P,(®), M, (®) (xem hinh 6 -10).

Hinh 6 - 10: Cac ddc tinh M (w), P, (®)
vaM,; (@), P (o)
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Tuy vay c6 truong hop, nguoi ta thiét k€ hé truyén dong c6
dac tinh di€u chinh khong phit hop chi vi muc dich l1a don gian
célu tric diéu chinh.

Vi du: D6i véi tai P = const, khi st dung dong co dién mot
chiéu, phuong phdp diéu chinh thich hop la diéu chinh tir thong
kich tir. Nhung ta dung phuong phép diéu chinh dién dp phan dng
thi khi tinh chon cong sudt dong co can phai xét yéu cau M, ,,
(hinh 6 - 11).

Vay cong sudt dong co liic d6 khong phdi 1a Py, = P, ma:

Pdm = Mmax'o‘)max = (0‘)max / ® )'Pyc = D’Pyc (6_

'min

46)

Nhu vay cong sudt dat s& 16n hon D lan so vé6i P, .

Hinh 6-11: Chon dong co cé ddc tinh P, (@) khong phii hop

Mat khac viéc tinh chon cong suat dong co con phu thudc
vao phuong phép diéu chinh téc do, vi du cing mot loai dong co
nhu dong co khong dong bo, moi phuong phap diéu chinh khac
nhau ¢6 dac tinh truyén dong khac nhau, phuong phdp diéu chinh
dién dp dung tiristor ¢6 hiéu suét thap so vGi phuong phédp diéu
chinh tan s6 ding bo bién déi tiristor. Vi vay khi tinh chon cong
sudt dong co bat budc phai xem xét t6i tén thit cong sudt AP va
tiéu thu cong sudt phan khang Q trong su6t dai di¢u chinh.
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Do vay viéc tinh chon cong sudt dong co cho truyén dong
¢6 diéu chinh t6c do can phai gan v6i mot hé truyén dong chon
tru6e dé c6 ddy di yéu ciu co ban cho viéc tinh chon.
§6.5. KIEM NGHIEM CONG SUAT PONG CO PIEN

Viéc tinh chon cong suat dong co & cac muc trén duoc coi
12 giai doan chon so bo ban diu. D€ khing dinh chic chan viéc
tinh chon d6 1a chap nhan duoc, ta cn phai kiém nghiém lai viéc
tinh chon do.

Yéu cdu vé ki€m nghiém viéc tinh chon cong suét dong co
gom co:

- Kiém nghiém phat néng:

Toa < Tep (6-47)

- Kiém nghiém qua tai vé mo men:
My, > M s (6-48)

- Kiém nghiém mo men khoi dong:
My = M nomay (6- 49)

Ta thdy ring viéc kiém nghiém theo yéu ciu qud tai vé mo
men va mo men khoi dong c6 thé thuc hién dé dang.

Riéng vé yéu cau kiém nghiém phat néng la khé khan,
khong thé tinh toan phat néng dong co mot cach chinh xdc dugc
(vi tinh phédt néng dong co 1a bai todn phtc tap).

Tuy vay gan ding c6 thé st dung cdc phuong phdp ki€ém
nghiém phat nong gian ti€p qua cac dai luong dién sau day.

6.5.1. Kiém nghiém dong co bang phuong phap tén that trung
binh:

- Gia su c6 dac tinh tai P,(t) la duong cong thi phai hinh

thang hod timg doan va trong méi doan dugc coi 1a ¢6 P, = const
(nhu hinh 6 - 12).

Ths. Khuong Cong Minh Gido Trinh: Truyén dong dién Tu dong
Trang 194

A PCZ

1
>

N T t, A t, ts ,
Hinh 6 - 12: Hinh thang hod ddc tinh tdi

Xuat phét tr phuong phap nhiét sai cuc dai (xem tai liéu
tham khao) véi diéu kién xét & chu ky xa diém goc toa do, lic do
thi nhiét sai ctia dong co bién thién theo quy luat xac dinh,

va ta c6: Tod = Tee = Ty -
Tt phuong trinh 7, (t) ta c6:

T, (1 —e*lck/e) :%(1 _e*tl/e).ef(tck—t])/e n

AP,

+ 2 (1—e /O etarr WO 4 4 (6-50)

AP,

ot l—e™/°
A ( )

Xem nhiét sai 6n dinh T, do luong ton that cong sudt trung
binh AP,, gdy ra, ta co:
AP

==t (6-51)
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Thay vao ta co:

—Ai L(1—e"?) :%(1-5“9).5““‘“”9 +
+ A8 (g gt (6.5)
AP
S (1-e™")

Khai trién ham e * va chi 14y 2 s6 hang dau, ta c6:
APy ty AP 4, AP, L, AP

A% L (6:53)
A O A 0 A 0 A O

Vi gia thiét trong qua trinh 1lam viéc: A = const, 6 = const,
ta co:

> P Zn:Piti
—_1
zt tck

Va dong co dugc chon phai dam bao:
APdm.chon 2 APtb (6_55)

Trong thuc t€, viéc tinh todn AP, , AP, c6 thé dua vao P(t)
va n(P,) ctia dong co (xem hinh 6-13):

(6-54)

Va AP, o, dugc xac dinh theo cong thiic:

=P, ﬂ (6-56)

" ndm
D6i v6i dong co ¢6 quat gié tu 1am mat thi trong biéu thic
(6-55) phai tinh dén kha nang suy giam cua truyén nhiét khi dimg
may, khi khéi dong va ham, ta c6:

AP

dm.chon
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AP, = 1 6-37
et HBY Dty (6-57)

P,
nnsN,N4 N3 Ny L T e L e

. 4

tck

Hinh 6 - 13: Cdc ddc tinh P (t) va n( P, )

Trong doé:
o 12 hé s6 giam truyén nhiét khi khai dong va ham,
a = 0,75 d6i v6i dong co dién mot chiéu,
o =0,5 doi véi dong co dién xoay chiéu.
t, 1a thoi gian khoi dong va ham.
B 1a hé so giam truyén nhiét khi dong co dimng.
B=0,5 doi véi dong co dién mot chiéu.
B =0,25 d6i v6i dong co dién xoay chiéu.
t, 1a thoi gian nghi ctia dong co.
6.5.2. Kiém nghiém dong co theo dai luong dong dién dang tri
Xuét phat tir bi€u thic:
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AP=K +V =K +bI* (6-58)
Trong doé:
K 12 t6n that cong suat khong déi.
V 1a tdn that cong suat bién ddi, thuong: V =bl*.
I'1a dong dién dong co.
b 12 hé s6 1 16.
i

) /IT\

/
/] \\3

L,
—

~1L

X

—>

e——

t1

t, tyoit it
Hinh 6 - 14a: Dong dién i(t)

H : H H : HEE Pt
dtft2 Pttt ot byt

Hinh 9 - 14b: Cdch tinh gan diing i(t)
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Nhu vay tuong duong véi biéu thic AP, ta c6é biéu thic
dong dién dang tri:

3

L »
aY L +BY Dty

Diéu kién kiém nghiém:
I, <1 (6-60)

Dé tinh gid tri [, ta
phai tinh qua trinh qua do.
Gid thiét c6 két qua tinh (L

(6-59)

- --

dm.chon

dong dién i(t), n6 c6 dang L
duong cong lién tuc, nhu . v .
trén hinh 6-14a (bac thang < >
ho4) va trén hinh 6-14b § !

(gdy khiic hod) dé tim [, va ¢, : Hinh 6 - 15: gdy khiic hod

Trong truong hop duong cong dong dién coé dang tang
trudng 16n nhu trén hinh 6-15b, thi ta dung cong thitic gan ding:

[ 2
Ii = Idi'Ici +% (6-61)

Al=1;-1, (6-62)
Trong d6: I, I, xdc dinh theo d6 thi trén hinh 6-15.
6.5.3. Kiém nghiém dong co theo dai lugng moé men dang tri

Phuong phdp kiém nghiém dong co theo diéu kién phat
nong gian ti€p 1la mo6 men duoc suy ra tir phuong phap dong dién
dang tri, khi mo men ty 1¢ véi dong dién: M = cI (c 1 hé so ty 1¢).

Dai véi dong co dién mot chiéu thi diéu kién nay duoc thoa
min khi tir thong ciia dong co khong déi.
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boi v6i dong co khong dong bo:
M = C_ L, ®,cosop, (6-62)

Ta can phai c6 @, = const, va cosp, = const ( tdc la gan toc
do dinh muc cua dong co ).

Tinh mo6 men dang tri:

M, = /tiZMf.ti (6-63)
ck 1

Kiém nghiém dong co:

Mdm.ChQn 2 Mdl (6_
64)

6.5.4. Kiém nghiém dong co theo dai luong cong suat dang tri

Trong truyén dong ma téc do dong co it thay déi thi P = M,
do vay c6 thé dung dai luong cong suit dang tri dé kiém nghiém
phat néng.

M

4

P(t) M(t)

v~

Hinh 9 - 16: Minh hoa cdch tinh todn hiéu chinh P(t)
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Cong suat dang tri:

(6-65)

Chon dong co co6:
Pdm.chon 2 Pdt (6_66)

Trong thuc t€ & gian d6 phu tai, toc do truyén dong thuong
thay déi I6n trong qud trinh khéi dong va ham. Cho nén can phai
tinh todn hiéu chinh P(t) nhu hinh 6-16.

CAU HOI ON TAP
1. Cac quan hé nhiét sai cuia dong co theo thoi gian t = f(t)
dugc st dung v6i muc dich gi ? nhip do tang/giam nhiét sai khi an
tai hoac thdo tai cia dong co dién phu thudc vao thong sé nao ?
Neéu y nghia ctia hang s6 thoi gian phat néng T, ?

2. Do thi phu tai 1a gi ? Dinh nghia d6 thi phu tai tinh va do
thi phu tai toan phan. Su khdc nhau giita hai loai d6 thi phu tai d6
la gi ? Cong dung cua tung loai trong viéc giai quyét bai toan tinh
chon cong suét dong co ?

3. D6i v6i dong co dién c6 mdy ché do lam viec ? Pac diém
lam viéc cua dong co & ting ch€ do d6 ? Do thi phu tai cta ting
loai ché do dugc dac trung boi nhitng thong s6 nao ?

4. Viét cong thitc tinh todn hodc kiém nghiém phét nong
dong co bang phuong phdp nhiét sai, tén thit cong suit trung
binh, cdc dai luong dang tri ? Cong dung cla ting phuong phap
dai véi bai toan chon cong suat dong co ?

5. Céac budce tinh chon cong suat dong co & ché do dai han
va ch€ do ngan han, ngan han lap lai ?
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CHUONG 7
HE THONG PIEU KHIEN TU PONG

§7.1. CAC NGUYEN TAC PIEU KHIEN TU PONG

Xuét phét tir yéu cau cong nghé: can thay déi toc do, thay
d6i hanh trinh 1am viéc ctia co cu san xudt ...

Xudt phat tir ch€ do lam viéc cia HT DKTD: khoi dong,
chuyén déi t6c do, ham, dao chiéu, ding may ...

Xudét phat tr yéu cau ky thuat, kinh t&: diéu chinh t6c do, 6n
dinh, chinh x4c cao, an toan ... va kinh té&.

Tl d6 can c6 nhitng nguyén tic DKTD dé thuc hién dugc
cac yéu cau trén, dong thoi tu dong han ché€ cac dai luong can han
ché&: dong dién cho phép, m6 men cho phép, toc d6 cho phép,
cong suat cho phép, ...

7.1.1. Piéu khién tu dong theo nguyén tic thoi gian
7.1.1a. Noi dung
C6 d6 thi khoi dong DM, v6i 2 cap dién trd phu:

®y

1
1
1
1
1
h

LI

Hinh 7 - 1: Cdc ddc tinh co va qud do khi khoi dong
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- Trén hinh 7-1, trinh bay dac tinh khéi dong: o(l,), o(t),
I(t) cua dong co dién mot chiéu kich tir doc 1ap, cé 2 cip khoi
dong (dung dién tré phu han ch€ dong khoi dong).

- Qua d6 thi khéi dong & trén, ta thdy: viéc ngan mach cdc
cép dién trd phu c6 thé xdy ra sau nhitng khoang thoi gian nhat
dinh:

+ Cap thit nhat dugc ngan mach sau khoang thoi gian t, ké
tir khi bat dau khoi dong.

+ Cép thtt 2 dugc ngidn mach sau khoang thoi gian t, ké tir
khi bat ddu ngan mach cép 1...

- Cé4c tin hiéu diéu khién & cdc thoi diém trén dugc tao ra
nho céc ro le thoi gian. Thoi gian duy tri cua cac ro le thoi gian
hién nay c6 thé dat: t,, = 0,05s + 2 h, va 16n hon.

- Thoi gian thuc hién cac cdp khai dong (t,,,.,) duoc xac
dinh theo tinh toan qua trinh qua do cta hé théng TDD TD.

Khi M(®) [ hay I(®) ] 1a tuyén tinh thi thoi gian qué trinh
quéa do gitra hai cap toc do la:

M, M, .

t, =T,In 2 zlln dei

Mdgi+1 B Mdgi+1

W, — O, M ei

In
-M M

(7-1)
=]

M

dgi dgi+1 dgi+1

- Thoi gian chinh dinh cta ro le thoi gian dé thuc hién gia
toc tir toc do thi i dén toc do thi i+1 la:
teg =ty - b, (7-2)
Trong do: t, - 1a thoi gian qué do giita 2 cép toc do.
t, - 1a thoi gian tac dong ctia cac thiét bi, khi cu trong mach

c6 lién quan dén su tac dong cla ro le thoi gian.
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7.1.1b. Cdc mach dién hinh:

* MG may dong co dién mot chiéu 2 cap dién trd phu

1) Sodo:
1|G_;Lﬁ2G
A
1CD
U 1 K3 2 6 K 8
L ’ﬁ/“‘@‘J—\‘lR:R:—'ﬁ —1
uf2 ufl
Ta’a'aY
CKT 2RTh
L2¢—o o
1L3 L,
+U, l
2CD \* 2CD
M
s b7 a9 [ 3K 10
K
i
K 11 %
|| 1G

2RTh |, 2G
B

Hinh 7 - 2: So dé nguyén ly va biéu do thoi gian

2) Nguyén ly lam viéc:
* Khoi dong dong co:
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- Béng cac cau dao 1CD, 2CD, dan dén cudn day ro le thoi
gian 1RTh(11-10) c6 dién, ti€p diém 1RTh(13-15) m& ra, dam
bao cho cdc cudn day cong tac to 1G(15-10), 2G(17-10) khong c6
dién, va nhu vay céc dién trd phu R, , R, , s€ déu tham gia
trong mach phan tung.

- An niit M thi cuon day K(9-10) c6 dién, céc tiép diém
K(1-3), K(6-8) dong lai, dan dén dong co D duoc khai dong véi
toan bo dién tré phu trong mach phan tng: R,z = R, + R ,
theo dac tinh 1. Ti€p diém K(7-9) dong lai d€ duy tri cho cong tac
to K khi thoi an M. Cic ti€p diém K(1-3), K(6-8) déng lai, lam
cho cuon day 2RTh(4-6) c6 dién, ti€p diém 2RTh(15-17) md ra,
dam bao cho cudn day 2G(17-10) khong c6 dién.

K(5-11) m&, K(5-13) dong, lam 1RTh(11-10) mat dién, sau
thoi gian chinh dinh cua 1RTh (~ t,) thi 1RTh(13-15) déng, lam
cho 1G(4-6) dong, ngan mach R, , dong co D khdi dong sang
dac tinh 2, tuong tng v6i R, .

Tiép diém 1G(4-6) dong lai, lam 2RTh(4-6) mat dién, sau
thoi gian chinh dinh cta 2RTh (x t, - t,), thi 2RTh(15-17) kin lai,
lam 2G(17-10) c¢6 dién, va 2G(2-4) déng lai, ngdn mach R, ,
dong co D chuyén sang dic tinh co tu nhién va s& t6i 1am viéc &
diém xéc lap XL .

* Dung dong co:

- An nit D lam cuon day K(9-10) mat dien, va K(1-3) m&,
K(6-8) md&, lam phan tng D mat dién, va 2RTh(4-6) mat dién;
K(7-9) mé& ra, K(5-13) mé, K(5-11) kin lai, lam 1RTh(11-10) c6
dién lai, chudn bi khoi dong 14an sau.

* Phuong trinh déc tinh co:

U R, +R;

= us M (6-3)
KO (KO)

* Phuong trinh dac tinh qua trinh qua d6 khi khoi dong:
Trang 205



Ths. Khuong Cong Minh Gido Trinh: Truyén dong dién Ty dong
O = Oy + (O + Oy ).e™ (7-4)
M =M, +(M, - M).e"™ (7-5)

T'rang thdi phdan tie

IRThf—> _______________ L
1G |-- A 4
plc] S — MR
2RTh|__Y A '

Hinh 7-3: Ddc tinh hoat dong theo thoi gian
ciia cdc phdn ti trong so do diéu khién tw dong

# Thoi gian khoi dong:
M -M, o Ll

ta = TC In . = (7-6)
2 _-PVIC I2 e
* Thoi gian chinh dinh cua cac ro le thoi gian:
RTh: teairm = Gai - [t T+ tag) (7-7)
2RTh: teaorm = taz - [tog)) (7-8)

Vi [ty , tg) » tog] <<t ,nén: t,=t,. Do thi: hinh 7 -31.
7.1.1c. Nhdn xét

1) Anh hudng ciia momen tdi M, (khi U, =const, R= const):

- Vi du: C6 d6 thi khéi dong DM, véi 2 cap dién trd phu:

- Khi M, tang thi M

- Khi m6é men tai M, hay dong tai I, tang, m6 men dong
giam, thoi gian qua do tang (qua trinh qua do bi giam gia toc).

dong tANE, qua trinh qua do tang.
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“VIM, > M, (hay I > 1) nén My, = (M - M") < My, do
d6 qua trinh gia to¢c cham lai. Ban dau o tang dén o,’ (®," < ®,),
tiic 12 cdp 1 & diém b, thi da hét thoi gian chinh dinh ctia RTh nén
phai chuyén sang cip 2, tiic sang diém c,, ¢t nhu vay chuyén déi
tir d, sang e,, v.v... Nhu vay, khi khoi dong ma M, (hay 1) tang
1én, s€ dan dén qua tai, hay qua dong cho phép.

dong

WA
(V)
®, E -
O L__1
0)1 [~~~

0 1

Hinh 7-4: Cdc ddc tinh khdi dong theo nguyén tdc thoi gian
khi phu tdi bi thay doi trong qud trinh khdi dong.

- Phuong trinh déc tinh qua do lic nay:

Oy = O + (0 - wXL)-eitl/TC (7-9)
M=M'+WM,- Mc').e_[/TC (7-10)
T, = J(0y - 0, / (M, - M) (7-11)

2) Anh hudng ciia mé men qudn tinh J (hay GD?):

- Khi J tang thi T, cling tang va nhu vay o,;, ®, ... giam,
tuong tu truong hop M, tang.

T, =J.(0x - ©y9) / (M, - M) (7-12)
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3) Anh hudng ciia dp ludi U, (khi M, = const, R = const):
- DB6i vé6i dong co dién mot chiéu:

Khi U, giam thi ©, = (U_ / K®) ciing giam x6ng, néu phu
tai M, = const thi mé men dong co s€ giam, gia téc giam, qua
trinh qua do s€ kéo dai (hay thoi gian khai dong, ham, ... tang).

M

»
>

M. M, M,

Hinh 7-5: Su dnh huong cua dién dp ludi bi giam

Néu gitt cho ®, = const thi mé6 men M = K®I ~ const, va
dong dién I s tang, c6 thé I> 1, .

- Doi v6i dong co khong dong bo: f = const, M = U? | nén
U, giam thi M gidm manh, m6 men dong giam, toc do chuyén doi
giam, va thoi gian qua do tang (thoi gian khoi dong, ham, dao
chiéu, ... ting).

4) Anh hudng ciia dién trd R (khi U, = const, M, = const):

- Céc dién tré day quan cua khoi dong tix, cong tac to, ro le,
dong co, ... khi nhiét do thay doi thi dién trd s& bi thay déi, thoi
gian chinh dinh thay ddi, nhét 1a cdc qua trinh khoi dong, ham,
dao chiéu ... ma dung dién trd phu thi khi nhiét do tang, dién tro
tang, thoi gian chinh dinh gidm, m6 men dong tang c6 thé 16n hon
mo men cho phép.
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5) Uu, khuyét diém

- Uu diém: Khong ché duge thoi gian md mdy, haim may,
dao chiéu, ...

Thiét bi don gian, lam viéc tin cay, an toan, nén phuong
phdap DKTD theo nguyén tac thoi gian nay dugc st dung rong rai.

- Nhuge diém: M6 men (dong dién) dong co thay déi theo
M, J, t°, U,, ..., nén c6 thé vuot qua tri s6 cho phép, can phai c6
bién phap bao vé.

7.1.2. Diéu khién tu dong theo nguyén tic toc do
7.1.2a. Noi dung
- C6 d6 thi khoi dong DM, véi 2 cap dién trd phu:

Hinh 7 - 6: Cdc ddc tinh khdi dong theo nguyén tdc toc do

- Diéu khién theo t6c do 1a dua trén co s& kiém tra truc tiép
hodc gidn ti€p su thay déi cua toc do.

- Kiém tra truc ti€p c6 thé dung ro le kiém tra toc do kiéu ly
tam. C4ch nay it ding vi dung ro le kiém tra t6¢ do phic tap, dat
tién va lam viéc kém chic chan.

- C6 thé kiém tra toc do gidn ti€p qua may phat toc.
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Mady phat toc (FT) 1a mot mdy dién mot chiéu cé: @ = const
va E;; = o, loai nay hay dung doi v6i dong co dién mot chiéu.

- D6i v6i dong co khong dong bo, thuong kiém tra toc do
gian ti€p theo stc dién dong roto va tan s roto.

Tai nhitng t6¢c do can diéu khién (®,, ,, ...), cdc 1o le kiém
tra toc do hodc kiém tra dién ap FT, E ., f,, s€ tdc dong tao ra
tin hiéu diéu khién.

7.1.2b. Cdc mach dién hinh:

* M& may 2 cap toc do dong co dién mot chiéu:

+[J’L + CKT - 2G 1G oV
¥ 1
I, R | R K
~>—®—o—{ . S
< Up—>

%ﬁ e

Hinh 7-7: Nguyén tic DPKTD md mdy 2 cdp PM theo toc do

* Mbi cong tac to gia toc (1G, 2G, ...) duoc chinh dinh véi
mot tri s dién dp hit nhat dinh twong Gng véi moi cap téc do nhat
dinh nhu & o,, ®,, ...

An niit M 1am K téc dong, dong co D khai dong véi toan bo
dién tr6 trong mach phan ing (R,z=R,+ R,z =R, + R, + Rp),
duong dac tinh 1, vi ldc dau téc do ® = 0 va con nho nén:

U, =E, + LR, = K®w + IR, < U,  (hodc 2G);  (6-13)
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- bén tai ® = o, thi:
Ug=Kbo, +L.R,+Ryp)=U, -LR;=U,,c; (7-14)
1G t4c dong, ngin mach R, dong co chuyén sang dudng

- bén tai ® = o, thi:
Uyg;=Kow, + LR, =U, -LRn=U,,5 >U,5; (7-15)

2G t4c dong, ngan mach R, dong co chuyén sang dic tinh
tu nhién.

- Coi dién ap ludi U, = cosnt, v6i I, = const, vaR;, =R, ,
ta c6 cac dién 4p hiit cua cac cong tac to : U, ;= U, 55 -

Nhu vay c6 thé chon cdc cong tic to gia toc cung loai, chinh
dinh it.

7.1.2c. Nhdn xét

1) Uu diém: Phuong phdp DKTD theo t6c do dung it thiét
bi, khi cu diéu khién vi c6 thé chi diing cong tic to chit khong can
tdc dong thong qua role nén don gian, ré tién.

2) Nhuoc diém: Thoi gian qua do va thoi gian ham phu
thuoc M., J, U}, . k. day quane 12m thay d6i qué trinh qué do (nhu
khi U; giam hay M, tang, ... lam thoi gian qua do tang, qua trinh
qua do cham, dot néng dién tré khoi dong, dién trg ham, ... lam
khé khin cho viéc chinh dinh dién dp hiit ciia cdc cong tac to
hoic ro le toc do).

- Khi dién 4ap Iu6i dao dong s& lam thay déi t6c do chuyén
cép dién tré (o, 0, ...) va dong dién s& nhdy vot ¢ thé qua dong
cho phép.

- Khi dién ap ludi giam qua thap c6 kha nang xay ra khong
du dién 4p dé cong tac to tac dong va do dé dong co c6 thé dimg
lai lam viéc lau dai ¢ toc do trung gian, lam dot néng dién trg
khéi dong (hay dién trd ham, ...) va nhu vay lam thay déi t6c do
chuyén cép.
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7.1.3. Diéu khién tu dong theo nguyén tic dong dién
7.1.3a. Noi dung
- C6 d6 thi khoi dong DM, véi 2 cdp dién trd phu:

Hinh 7-8: Cdc ddc tinh khdi dong theo nguyén tdc dong dién

- Qua d6 thi hinh 7-8 ta thdy rang: khi khai dong, dong khoi
dong thay déi trong khoang (I, + L,). Nhat 1a mdi 1an chuyén cap
thi cdc diém chuyén cdp thudng cling mot gid tri dong dién (1,),
nén ta c6 thé ding role dong dién hodc cong tic to c¢6 cudn day
dong dién dé tao tin hiéu diéu khién.

- Tai di€ém chuyén cép b, role dong dién tic dong theo dong
chuyén cap I, dé ngdn mach cép dién tr& thi nhat, dong co
chuyén tir dic tinh 1 sang dac tinh 2. Dén diém d, role dong dién
s€ tdc dong theo dong I, dé ngan mach cap dién trd thit hai, dong
co chuyén tir dac tinh 2 sang dac tinh tu nhién TN.

- C& nhu vay, dong co sé dugc khoi dong dén toc do xac
lap.

7.1.3b. Cdc mach dién hinh:

* Ham nguoc va dao chiéu DK, theo nguyén tac dong dién:
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- Cong tac xoay KC ¢6 5 vi tri: 0 & giita; 1, 2 bén thuan va
1, 2 bén nguoc; KC ¢6 tiép diém: KC1, KC2, KC3, KC4, KC5, ...

- C4c cong tic to c6 céc tiép diém duy tri thoi gian H, 1G.

- Role dong dién RHn c6:
L > Thrin > 1y (7-16)
Inh.RHn = Ir()to = IZ (7_17)
(N) 21012 (T) ~
~ ~ U : : - A
S Keiib N T T
T ------- =0 i gmim——q == < =
(100 TT R
I__' ]_ KE2 T N
N- — T— - - [, """ ¢ Pz -— <):'__
L. |— :I:RHn =T
KES H
T
K€h 1G
(YY) |
2G | 2G
T KES 1G 2G
R, 161 e i i 5 —l
1M [
Ry
H H AQ®
R, B ©o A

1M [
‘ ‘ RHn %
Hinh 7-9: So do diéu
khién t dong DK,

theo nguyén tdc thoi
gian va dong dién.
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- Heé thong dang 1am viéc diém A trén dic tinh co (o),
twong tng véi vi tri 2(T) cha cong tic KC, cic tiép diém KCl,
KC3, KC4, KC5 dang kin, cic cong tac to T, H, 1G, 2G dang c6
dién, cong tic to N khong c6 dién, toan bo céac dién trd phu trong
mach roto bi ngan mach, RHn khong tdc dong.

- Ding dong co bang cdch ham nguoc:

+ Quay tay gat cia KC tur vi tri 2(T) sang 2(N), khi qua vi
tri O thi tat ca cdc cong tic to va role déu mat dién, dong co duoc
tach khoi luéi dién, toan bo dién trd phu dugc dua vao mach roto,
mach dién & trang thdi thuong nhu hinh vé.

+ Khi dén vi tri 2(N), cac tiép diém KC2, KC3, KC4, KC5
kin lai, KC1 ho ra, cong tic to T mat dién; con N, H c6 dién s&
dao 2 trong 3 pha cta stato dong co, lam dong co thuc hién qua
trinh hdam ngugc (giai doan ddu cta qué trinh dao chiéu). Toc do
dong bo cuia dong co lic nay o,y = - @y , dong dién roto tang rat
16n: 1, = Lz, > Ligin > 1, nén RHn tdc dong lam ho ti€p di€ém
thudng kin ctia né, dam bao cho cdc cong tac to H, 1G, 2G khong
c6 dién, toan bd R,;, va R,;, van tham gia trong mach roto cung
v6i R, d€ han ché dong dao chiéu hay la dong him ngugc cla
dong co I, <1, (doan BO).

+ Toc do dong co D giam dan, dong ham ciing giam dan
dén I, thi RHn nha (vi Iz, =1, , va lic d6 o = 0), lam cho H c6
dién, ngan mach R, vd dam bao RHn khong tac dong trd lai, két
thuc qud trinh ham nguoc.

+ Muén dimg dong co thi quay KC vé vi tri 0, cdc cong tic
to va role mat dién, dong co dung tu do.

- Ddo chiéu:

+ Quad trinh thuc hién tuong tu khi ham nguogc, nhung khi
dong dién ham giam dén 1, thi van dé KC & vi tri 2(N), sau khi
RHn nha lam cho H ¢6 dién, két thic qua trinh hdm nguoc va s€
bat dau qua trinh khoi dong nguoc.
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Khi H ¢6 dién thi n6 s& ngan mach R,, 1am cho D khéi dong
nguoc theo duong dac tinh ti€p theo (CD).

+ Sau thoi gian duy tri cia H, né s€ tac dong lam 1G c6
dién, cdc tiép diém cta 1G s& ngan mach R, 1am cho D khaoi
dong ti€p sang dac tinh DE.

+ Sau thoi gian duy tri cia 1G, n6 sé€ tic dong lam 2G c6
dién, ngdn mach R,;,, va D s& khoi dong sang dac tinh tu nhién va
t6i di€ém xdc lap.
7.1.3c. Nhdn xét

1) Uu diém: C6 thé duy tri m6 men dong co trong mot gidi
han nhat dinh. Qua trinh khéi dong, ham khong phu thudéc moi
truong.

2) Nhuoc diém: Khi U, M, thay d6i, nhét 1a khi M, qud 16n
s€ lam cho I, > L,, nhu vay dong co c6 thé lam viéc & dic tinh
trung gian, lam phat néng dién trg, anh huong dén qua trinh lam
viéc cua dong co.

7.1.4. Piéu khién tu dong theo cac nguyén tic khac
7.1.4a. Piéu khién tu dong theo nguyén tdc hanh trinh

1) Noi dung:

- Trén hanh trinh (duong di) ctia cac bo phan lam viéc trong
cdc may moc, thiét bi (nhu ban may, ddu may, mam cap, ...) dugc
dat cdc cam bién, cac cong tac hanh trinh, cong tic cuc han, cong
tic diém cudi, ..., dé tao ra cdc tin hiéu diéu khién: khéi dong,
ham, dao chiéu, thay doi t6c do ...

2) Mach dién hinh:
Phan tich truyén dong ban mdy bao duong:

Trong so do dung cong tic hanh trinh KH ¢6 2 tiép diém
KH1, KH2 loai khong tu phuc hoi. Tai vi tri xuat phat ban dau
clia ban mdy thi céc ti€p diém KH1 kin, KH2 hd.
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Khéi dong: 4n nidt M thi RTr ¢6 dién, T c6 dién lam DM
duoc dong dién va kéo ban chay thuan, dongthdi 1RTh cé dién sé
md ti€p diém chia né dé chuén bi cho déo chiéu.

<

Khi hét hanh trinh thuan, vdu A dap vao cong tic hanh trinh
KH 1am cho céc ti€p diém KH1 m&, KH2 kin, d4n dén T mét dién
nhung N ciing chua c6 dién, DM ham tu do.

Sau thoi gian duy tri cia 1RTh thi ti€p diém cla né déng
dién cho N, lam DM dao chiéu, kéo ban chay ngugc. Khi d6
2RTh c6 dién, mo ti€p di€ém cha né chudn bi cho hanh trinh
thuan.

Di hét hanh trinh ngugc, vAu B dap vao cong tac hanh trinh
KH lam cho cdc tiép diém KH2 ho, KH1 kin lai, cong tic to N
mat dién va T chua c6 dién, DM ham tu do.

Sau thoi gian duy tri cia 2RTh, tiép diém clia n6 déng lai
lam cho T ¢6 dién va PM kéo ban chay thuan. 1RTh c6 dién va
mo ti€p diém ctia nd, chuén bi cho hanh trinh nguoc.

+U, - Ban s& lam viéc v6i chu ky thuan/nguoc nhu hinh 7-10.
RT y . s
T N r\/\rf'\_ Mu(?n Flfmg may: ananit D thi RTI"mé;t dlgan, T, /N, 1RTh,
U T,J 2RTh mat dién, dong co ham tu do cho dén lic dung may.
T
+ - i} KHl RTr 2R 7.1.4b. Nhdn xét
* Ngoai cdac nguyén taic DPKTD da néu trén, con mot s
N T : nguyén tic DPKTD khidc: DPKTD theo m6 mem, cong suat, sic
KH2 RTr 2RTh T N cang, nhiét do, 4nh séng, 4p suét, ....
I+ + 3| * Panh gid vé cdc so d6 diéu khién: véi cdc yéu cdu ky
Hinh 7-10- . IRTh thuat do6i véi tét ca cac so do 1a cao nhat thi:
I Y YL Cong suit cang 16n thi trong lugng va gid thanh cang cao.
Sodo d’f“ khién theo N Diing thiét bi, khi cu cang bé, cang hién dai thi gid thanh cang
nguyén tac hanh trinh N 2RTh cao.
Y Y\
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Cung cong suat thi trong luong va gia thanh 16n nhit 1a
nguyén tac DKTD theo thoi gian, sau d6 1a nguyén tic DPKTD
theo dong dién va cudi cung 1a nguyén tic DKTD theo t6c do.

Trang 217

N6i chung nguyén tac DPKTD theo t6c do thudong dung dé
diéu khién ham dong co.

Nguyén tic DKTD theo dong dién cha yéu dung dé diéu
khién khéi dong dong co,

Nguyén taic DKTD theo thoi gian thi ting dung rong rai vi
don gian.

§7.2. CAC PHAN TU BAO VE VA TIN HIEU HOA
7.2.1. Y nghia ctia bao vé va tin hiéu hoa
* Céc phan tlir bao vé va tin hiéu hod c6 vai tro rét to 16n:

Pam bao qua trinh lam viéc an toan cho ngudi va may moc,
thiét bi. Qu4 trinh 1am viéc c6 thé xay ra su c¢6 hoic ché do 1am
viéc x4u cho ngudi va mdy moc, thiét bi, déng thoi cé thé bio
hiéu cho nguoi van hanh biét tinh trang lam viéc ctia hé thong
DKTD dé xtt Iy.

* Chitc nang cta cac thiét bi bao vé va tin hiéu hoa:

Ngimng hé thong (mdy moéc) khi su ¢6 nguy hiém truc ti€p

dén nguoi, thiét bi, may moc: U < U, Uu>u,.I>1,, ..

quy dinh »
Khi qud tai hodc su ¢6 chua nguy hiém dén thiét bi, mdy
moc thi thiét bi bao vé va tin hiéu hoa phai bio cho nguoi van
hanh biét dé sur 1y kip thoi.
Bao dam khéi dong, ham, dao chiéu ..., mot cich binh

thuong, nghia la phai dam bao sao cho: I <1, t° <t°

cp> cp 2
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7.2.2. Cac dang bao vé:
7.2.2a. Bdo vé ngan mach:

- Bdo vé ngian mach 1a bao vé céc su c6 c6 thé gy nén hu
hong cach dién, hoac hu hong cic co cdu cua thié€t bi, may modc
(khi ngan mach s& gay nén nhiét do taing nhanh gay chdy hodc stc
tir dong tang manh gay va dap, ...).

Trang 218

- Céac thiét bi bao vé thuong dung: ciu chi, aptomat, role
dong dién cuc dai, cac khau bao vé ngan mach béang ban dan, dién
tu, ...

- Dong tac dong cua cau chi:
I.=L,/a (7-18)
Trong doé:
I,. 1a dong tac dong ctia day chay dugc chon.
I,, 1a dong khoi dong ctua dong co, phu tai dugc bao vé.
o la hé s6 xét dén quan tinh nhiét.
a = 2,5 d6i v6i dong co khai dong binh thuong.
o = (1,6 + 2) d6i v6i dong co khoi dong nang.

+ Cam dat cdu chi trén day trung tinh, mach n6i dat, vi dut
day chi thi vo may s& c6 dién dp cao nguy hiém. Dung cdu chi
bao vé ngan mach thi don gian, ré tién, nhung tic dong khong
chinh xdc, dong tadc dong phu thudc vao thoi gian, thay thé lau,
khong bao vé duoc ché€ do 1am viéc 2 pha.

- Dong chinh dinh clia aptomat:
L=(12+13)1,; (7-19)

+ Aptomat tdc dong rdi thi ¢ thé déng lai nhanh, cit dugc
dong 16n, bao vé dugc ché do lam viéc dong 2 pha (khi bi mat 1
trong 3 pha).
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- Dung role dong dién cuc dai (RM) bao vé ngan mach phai
chinh dinh dong tic dong cho phii hop v6i dong ngian mach.

Thuong dat role dong cuc dai trén 3 pha cua dong co khong
dong bo 3 pha, hodc dat trén 1 cuc d6i v6i dong co mot chiéu.
Ti€p diém ctia RM la loai khong tu phuc hoéi.

Trang 219

+ Vi du dung cau chi va aptomat bao vé ngan mach:

~ ~

; Il
0N

Hinh 7-11: So doé ding cdu chi, aptomat bdo vé ngdn mach

A 1

Q
a
~

i

+ Vi du dung role dong cuc dai bao vé ngan mach:

~ ~

CD RM K TCC 2CC ]
M K

=0

Hinh 7-12: So doé dung role dong cuc dai bdo vé ngdn mach

7.2.2b. Bdo vé nhiét:

- Nham tranh qua tai lau dai, néu khong thi khi cu, thiét bi,
dong co s€ phat nong qua nhiét do cho phép.

Ths. Khuong Cong Minh Gido Trinh: Truyén dong dién Tu dong

- Thuong dung role nhiét, aptomat cé bao vé nhiét, phan tu
bdo vé qud tai bing ban din, dé€ bao vé qud tai cho phu tai dai
han.

- C4c tiép diém role nhiét (RN) 1a loai khong tu phuc hoi,
sau khi role nhiét da tdc dong thi phai an reser bang tay. Phai
chon role nhiét cé dac tinh phat nong gan véi dac tinh phat néng
ctia thiét bi, dong co can dugc bao vé (hinh 7-13).

Trang 220
+ Dong chinh dinh ctia role nhiét, aptomat:
La=(1.2+ 1,3)I, (7-20)

Trong d6: 1, 1a dong dinh mitc cia dong co, phu tai.
+ Vi du dung role nhiét va aptomat bao vé qua tai dai han:

~ ~

A II(I I;H DZDCC N K2CCR‘\D
—®)) - =T 7

N\
11 RN

Hinh 7-13: So do ding role nhiét va aptomat bdo vé qud tdi

- Dung role dong cuc dai (RI) dé bao vé qua tai cho phu tai
ngan han hodc ngin han 1ap lai. Khi phu tai lam viéc trong thoi
gian ngan, su phat néng cua phu tai khong phit hop véi dic tinh
cta role nhiét, nén role nhiét khong tic dong kip, bdi vay phai
dung role dong cuc dai tic dong nhanh.

+ Vi du ding role dong cuc dai bao vé qua tai ngan han:

~ ~

A K
v [ 2CC }

— RI@1

-
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Trang 221
- Dong chinh dinh cta role dong cuc dai bao vé qua tai:
Lori = (L4 + 1,5), (7-21)

- Thuong dung 1 role dong cuc dai bao vé ngan mach (RM)
va 2 role dong cuc dai bdo vé qué tai (RI). Ti€p diém cta role
dong cuc dai bao vé qua tai 1a loai tu phuc hoi (hinh 7-14).

7.2.2c. Bdo vé diém khong va cuc tiéu:

- Nham trdnh 1am viéc véi dién dp ngudn thap hoac mét ap
nguon, va tranh tu khoi dong lai khi dién 4dp nguon phuc hoi.

- Thudong dung cdc role dién dp (RA), cong tac to (CTT),
khéi dong tir (KDT), dé bao vé dém khong va cuc tiéu.

- Chinh dinh dién 4p hiit, nha cta role dién 4p, cong tac to:

Uh,RA > Ung.sut.cp (7_22)
Unh.RA < Ung.sut.cp (7_23)
Trong doé:

U, x4 12 dién 4p hut cta role dién 4p, hay cta cong tic to,
khai dong tir.

U,,ra 12 dién ap nha cua RA, CTT, KDT.

U =85%U

Nguyén ly lam viéc va bao vé cua so do hinh 6 - 20:

ngsutep neam 12 di€n ap nguon sut cho phép.
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bit cong tic xoay KC & vi tri 0 thi ti€p dém KCI s& kin,
KC2 hd; Pong ciu dao CD, néudién dp lam viéc dat gia tri cho
phép (U,, > 85%U,,4,) thi RA tic dong, n6 tu duy tri thong qua
ti€p diém RA(1-3) cua né.

Quay cong tac KC dén vi tri 1 trdi (T) thi K ¢ dién, lam
cho dong co quay. Khi dién 4p U,, <85%U,, ,,, thi RA s& nh4 lam
K mat dién va dong co ciling duoc loai khoi luéi dién, tranh cho
dong co khoi bi d6t néng qua nhiét do cho phép (vi dién ap thap
s€ dan dén dong tang qua dong cho phép ctia dong co).

Trang 222

Khi dong co dang lam viéc, néu mat dién nguon thi khi ¢
dién lai, dong co van khong tu khéi dong lai duge, vi khi d6 KC
van & vi tri 1 trai va KC1 van ho, RA da mat dién khi mat dién ap
nguon, do d6 khi c6 dién lai thi K van khong c6 dién.

+ Vi du dung role dién ap (RA) bao vé dém khong va cuc
tiéu:

—

D D 1CC ]2(13% 2cC D

E 1 (T) K(?l P) \ L L ;
R RN ‘ w

101

Hinh 7-15: So dé cé bdo vé diém khong va cuc tiéu
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7.2.2d. Bdo vé thiéu va mdt ti truong:

- Nham bao vé thi€u va mat kich tir dong co. Khi dién ap
hay dong kich tir dong co bi giam, gay ra toc do dong co cao hon
toc do cho phép, hoac dong dién dong co 16n hon dong cho phép,
dan dén hu hong cac phan dong hoc clia mdy, l1am x&u di€u kién
chuyén mach, ...

- Diing role dong dién, role dién ap, ... dé bao vé thi€u va
mat tr truong.

Trang 223

+ Vi du diing role dong dién, role dién ap dé bao vé thi€u va
mat tr truong (hinh 7-16)

Nguyén ly bao vé&: khi du dién ap thi role thi€u tir truong
RTT s& déng kin tiép diém cuia né, KC dat & vi tri giita nén ti€p
diém KC1 kin, RA tic dong. Quay KC sang vi tri 1 (T) thi cho
dong co lam viéc binh thuong.

Khi dién 4p sut qud gid tri cho phép, hoac dong kich tu
giam thap dén gid tri: I, p = L rrr » Lingrr < Tiominey » N€N RTT nha
lam K mat dién, loai dong co ra khoi ludi dién dé bao vé dong co.

Ung 1CC K RN m K 1CC
+# | N\ 5) | 4 _
[ 1 | U | [ 1 L
RTT CKDb
YN Y YN
|::| 2CC RA RA R_LN RTT 2CCI::|
11 L Y Y
kel ~++ i
! K
—3
mie

Hinh 7-16: So do bdo vé thiéu, mdt kich tir dong co
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7.2.2¢. Bdo vé lién dong:

- Nham bdo dam su lam viéc an toan cho mach (bao dam
nghiém ngat mot trinh tu lam viéc hgp ly gitta cac thiét bi, tranh
thao tic nham).

- Céc thiét bi bao vé lién dong bang co khi nhu: cac niit 4n
kép, cac cong tac hanh trinh kép, ... Va cdc phan tlr bao vé lién
dong dién nhu:

Trang 224

Cic tiép diém khod chéo clia cdc cong tic to, role, lam viéc
& cac ch€ do khac nhau. Vi du:

~ ~ ~

L1

cC cC
T [

- - °N& = =T MN T
-l e
T
—
@ Hinh 6 - 22: So do ¢é bdo vé

lién dong co va dién

Khi khdi dong thuan, 4n nut MT thi T c¢6 dién, dong dién
cho dong co quay, con tiép diém thudng kin cia MT m& ra khong
cho N ¢6 dién, dam bao khong bi ngan mach ¢ mach stato. Khi T
da c6 dién thi tiép diém thuong kin ctia T m& ra, ddm bao cho N
khong thé c6 dién néu nhu khong may c6 ngudi tdc dong vao niit
MN.
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Khi D dang quay thuan, muén dao chiéu, an nit MN thi T
s&€ mat dién va N sé ¢6 dién, qué trinh dao chiéu dién ra binh
thudong. Néu khong may trong qua trinh quay thuén, tié€p diém cua
T & mach stato bi dinh thi tiép diém cta T & mach ctia cuon day N
s€ khong kin lai duoc, nén méac du &n MN nhung N véin khong thé
¢6 dién duoc, tranh duoc su ngan mach bén phia stato néu nhu ca
T va N déu tac dong.

Nhu vay cédc lién dong co va dién trong so d6 da bao dam
cho so d6 hoat dong binh thuong, ding trinh tu lam viéc dat ra,
tranh thao tic nham.

Trang 225
7.2.3. Tin hiéu hoa

- Khi xuét hién ché do lam viéc x4u nhung chua cin phai
dirng may thi thiét bi bao vé s& hoat dong lam cho cac thiét bi tin
hiéu bdo cho ngudi van hanh biét dé xi 1y kip thoi.

- Khi tin hiéu da bao ma khong dugc xtt 1y kip thoi thi thiét
bi bao vé sé tic dong dinh chi su lam viéc ctia hé thong truyén
dong dién.

- Thiét bi tin hiéu hoa: Am thanh: chuong, coi, ...; Anh
sang: dén, mau, ...; Co bao: role tin hiéu, ...

Vi du:
~Ung
ad
2CC 2CC
kv || RA il
g g N RA RN RM
(D P)
1 KCl B 2 14 1
o NV\TH—TH—*
K- - ?

=

A3
®:

RN( N Lot bb RN

X -
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Trang 226

So d6 hinh 6-23 dang hoat dong binh thuong. Néu nhu qua
tai thi role nhiét sé tic dong, lam RA r6i dén K mat dién, loai
dong co ra khoi tinh trang nguy hiém, dong thoi déng ti€p diém
ctia né 1am dén do6 PP sdng lén, bdo cho ngudi van hanh biét dé
xu 1y, sau khi xtr 1y xong, nguoi van hanh an reset cia RN thi méi
c6 thé van hanh lai duoc.

Con néu bi ngan mach trong dong co thi role bao vé dong
cuc dai RM tac dong, loai ngay dong co khoi tinh trang nguy
hi€ém, dong thdi dong ti€p diém cta né lam cho chuong Chg kéu
lén, bdo cho ngudi van hanh biét dé xir 1y kip thoi, sau khi xir 1y
xong, ngudi van hanh an reset cia RM thi méi c6 thé van hanh lai
dugc.

CAU HOI ON TAP
1. Dya vao nhitng co s& ndo dé ngudi ta dua ra cac nguyén
tic diéu khién tu dong theo cdc thong so thoi gian, toc do, dong
dién, va hanh trinh, v.v... ?
2. Phan tich noi dung clia nguyén tic diéu khién tu dong
theo thoi gian, toc do, dong dién, hanh trinh ? Giai thich nguyén
1y 1am viéc clia so d6 minh hoa cho méi nguyén tac trén ?
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3. Tai sao c6 thé xay ra cdc su c6 trong hé thong truyén
dong dién tu dong ? cdch khac phuc su ¢ d6 nhu thé nao ?

4. Phan tich bdo vé ngin mach, bdo vé qua tai, bdo bé diém
khong va cuc tiéu, bao vé thi€u hodc mat tlr trudng, bdo vé lién
dong ? Giai thich nguyén Iy bao vé clia cic mach dién hinh tuong
ting v6i mdi bao veé trén ?

5. Tin hiéu hoéa 1a gi ? Cic mach tinh hi¢u héa c6 tic dung
gi trong hé thong truyén dong dién tu dong ?

Trang 227
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MUC LUC

Chuong 1: Khai niém chung vé hé thong truyén dong dién

§1.1. Khdi niém chung.

§1.2. Cau tric va phan loai hé thong truyén dong dién.

§1.3. Dac tinh co clia may san xudt va clia dong co dién

§1.4. Cac trang thai lam viéc cua hé thong TBD TD.
§1.5. Tinh déi cdc dai lugng co hoc.

§1.6. Phuong trinh dong hoc ctia hé théng TPD TD.
§1.7. Diéu kién 6n dinh cta hé thong TDD TD.
§1.8. Bong hoc cua hé thong TBD TD.

Chuong 2: Pac tinh co cia dong co dién.
§2.1. Khai niém chung

§2.2. Dic tinh co cta dong co mot chiéu kich tir doc 1ap.

§2.3. Dac tinh co ctia dong co mot chiéu kich tir n6i tiép.

§2.4. Dic tinh co cta dong co khong dong bo.
§2.5. Dic tinh co cta dong co dong bo.

(trl)
(tr2)

(trd)
(tr8)
trll)
(tr14)
(trls)
(trl6)

(tr20)
(tr21)
(trd4)
(tr56)
(tr86)

Chuong 3: Diéu chinh cac thong s6 dau ra cua hé TP TD

§3.1. Khai nién chung.

§3.2. Cac chi tiéu chat lugng.

§3.3. Diéu chinh toc do dong co mot chiéu.

§3.4. Diéu chinh téc do dong co khong dong bo.
§3.5. Diéu chinh tu dong toc do bang thong s6 du ra.

(tr92)
(tr95)
(tr99)
(tr104)
(tr118)
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Chuong 4: Piéu chinh téc do bang cac bo bién doi
§4.1. He Bo bién déi - Dong co mot chiéu.
§4.2. He Bo bién déi - Pong co khong dong bo.

Chuong 5: Qua trinh qua do trong truyén dong dién

§5.1. Khai niém chung.

§5.2. Qud trinh qud do co hoc khi U, = const
va My,,.(®) 1a tuyén tinh.
§5.3. Qua trinh qua d¢ co hoc khi U4, = const
va M,,,,(®) la phi tuyén.
§5.4. Qua trinh qua do co hoc khi U4, = var.

§5.5. Qua trinh qua do dién - co trong hé thong TPD.

Chuong 6: Chon cong suat dong co.
§6.1. Khai niém chung.

§6.2. Céc chi tiéu chat lugng chon cong suét dong co.
§6.3. Chon dong co dién khi khong diéu chinh tdc do.

§6.4. Chon dong co dién khi c6 diéu chinh téc do.
§6.5. Kiém nghiém cong sudt dong co dién.
Chuong 7: Hé thong diéu khién tu dong TDD.
§7.1. C4c nguyen tic diéu khién tu dong.

§7.2. Cac mach bao vé va tin hiéu hoa.

Tai 1éi tham khao

Muc luc

(tr128)
(tr138)

(tr148)

(tr150

(tr167)
(tr171
(tr176)

(tr178)
(tr181
(tr184)
(tr191
(tr194)

(tr202)
(tr218)
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