Churong 4: Phan tich h théng dén co ding ki rién nng kong
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Churong 4: Phén tich hé théng dién co ding ki rién ning kiong

Primary
part (sfationary) e Secondary
part (movable)

Ghurong 4: Phan tich he tndng dén cor ding ki ong

Wound Cail

« Khéi dong tir - Contactor
— Doéng cét dién cho phu tai, bang cudn day
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Chuong 4 % thég aién co dng Kndi ién nang luong

Chuong nay khao sat mach tir c6 mot bo phan chuyén dong (thdng hoac quay)
« hé thong bién déi dién co

Dbi twong khao sat:

Céc hé théng dién co thong sé tap trung (lumped-parameter electromechanical
system), ie cac hé théng cé kich thwéc rat nhé so véi budc séng clia trrdng
dién tir.

- Khéo sét trweng tir dirng chuén.

Muc tiéu chwong nay:

- Trinh bay phuwong phap xay dung mé hinh toan hoc (hé phwong trinh vi phan
bién trang thai) cho hé théng dién co gdm N cudn day va M bién co. C6 thé sir
dung dé mé phéng trén may tinh hodc phan tich va thiét ké.

-_Tinh lwc hodc moment do nang lwong tlr tredng (tich triv) trong cac cudn day
(c6 dong dién chay qua) tac dong lén cac phan (ing (vat liéu tir hoac dong dién)
trong mét hé thdng dién co.

- Khao sat khi dong dién va cac luc/moment thay ddi theo thoi gian.

Statar

Fig 35 Rotary motor with salient pole stator and rotor

Fig.36 Motor with the salient pole stator and round rotor

Ghuong 4: Phan tich hg thdng aign cor ding ki rign nang kromg

Mach tir contactor

Cudn day AC Cudn DC tiéu thu nang lvong thap

4

Nam cham vinh clru
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Churong 4: Phan tich h théng dién co ding ki rién nng kong

Céu tric hé théng dién co: D& dé khao sat, hé théng dién co dwoc chia thanh 3 phan riéng biét.
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Chuong 4: Phan tich hé thing dién co ding K rién nang krorg

Céu triic hé théng dién co: D& dé khao sat, hé théng dién co dwoc chia thanh 3 phan riéng biét.

Lwc f,, (hodc
moment T,) co
nguon goc tir co hoc

Hé théng Két ndi Hé théng
dién tw dién -co co
f (Electromechanical
Vv, i, A coupling) fe, x hay T, 0
fe va T c6 ngudn gdc tr dién.
(Irc dién tir, moment dién tir)

Chuy&n dong thang: i = (i, x)
Chuyén dong quay: % = A(i, 6)

» Xay dung hé phuong trinh m6 ta hé théng dién-co gom
cacthong sétrén: v, i, A [ ¢, X fhoscT,6)

Luc f,, ( hodc moment T,,) c6 ngudn géc tir co hoc

= Xay dung hé phuong trinh mé ta hé théng -co' gém céc
thong sb: v, i, A, f&, X (hodc T, 0){ f,, X)(hoac T, 0)
Hé phwong trinh dong g

Mg = f;,

7

Churong 4: Phén tich hé théng dén co ding ki rién ning keong

‘ ® Khao sat 1 hé théng chuyén dong don gian (mang 2 civa: 1 cira dién va 1 clra co) ‘

Phén diu »

+ Dung céc dinh luat KVL, KCL (Ampere va Gauss & chuong 3)

= Tinh tir théng moécvong A = A (i, x)

+ 44 -1 Tinh nang lwong tir trvong > Tinh lwe f¢ (moment T8)  (dien - Co)

. Tinh dién ap cam / [Binh luat cam wng dién tir Faraday) (Co - Dién)

Phén cuéi »

« DUng dinh luat Newton - dé xay dwng cac phwong trinh can béng luc:
I c6 ngudn géc tir dién (Iuc dién t) fe, e cé ngudn géc tir co (luc co) f, ...
+ Giai hé théng phwong trinh trén - Tim nghiém
(hodc cén bdng moment : moment c6 nguén géc tir dién (moment dién ttr) Te,
moment c6 nguén géc tir co (moment co) T, ...

Ghurong 4: Phan tich hg thing dén co ding ki rign nang krong

. DL Ampere Mach tir

§ Hedi=[ J enda  pactinh vatlisu o B(H)

T ca
= % hl/:’é‘:zg tr thong
‘Tt thong
N :Tir théng méc vong
—

Mach twong dwong

m
. i )
Ni=> 4R, Ni=)¢R =D H,
k=t X (=) =
| BL Kirchoff 0
Tetré: R = LS 2 4=0
BMTBD.CSKTD. HA =

(TCBInh edted 2016)
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Hé théng Két nbi Hé théng | 1, (hoacT,)
dién dién -co co 6 ngudn géc tir co' hoc
i (Electromechanical

i couping e, x hay T, 0

Chuyén dong théng: A = A(i, x)
Chuyén dong quay: % = A(i, 8)

fe va T c6 ngudn gbc tir dién.
(Iwc dién tlr, moment dién tr)

e Phan diu chuong nay sé xay dung hé phuong trinh =
mo ta hé thong dién-cor gom céc thdng s6 trén: 1y
v, i, A {fe, X (hozcT, 6)
Luc f,, ( hodc moment T,,) c6 ngudn géc tir co hoc X e
e Phan cuéi chuvong nay sé xay dung hé phuong trinh
mo ta hé thong dién-co gom céc thong s6 : Mo=f
v, i, A, f, x (hoacT, 0),(f,, X (hodcT,, 6) f
" 8

Chuong 4: Phan tich hé thing dén co ddng K rién nang krorg

‘-> 2. Tinh dién ap cam &*ng v ‘

N . . " Giai machtwr: ® & iN
Hé théng chuyén dong thang néu biét |A = A (i, x) 2?22 | + (Chuong 3)

di o4 d .
Pignapcamung: V= di)t( : 1a tbc d6 chuyén dong thing
Dién ap bién ap
(transformer voltage)

o Néu hé thong dién tuyén tinh (quan hé B-H tuyén tinh, L khong phu thugc i): ‘

> 2= L(x) ()

Dién ap cam ung: :>v=L(x)dt+| el (8 (2

o Néu hé thong khang c6 phan ti chuyén dong
— A=Li

Dién ap cam tng:

i
= v=L a = cudn cam, may bién ap.

+ Xét vong xuyén tir g: viét tét gap

. N ~ . I khe hé kk
6 khe hé khong khi AL \\‘ c : viét tét core,
[ 16i thép
T 9
\\
“l
f Tiét dién A\
- 2 R P
1. Ap dung dinh luat Ampere \2. Ap dung dinh luat KVL
-»‘Xéy‘\dwng mach twong dwong
¢ W
S HJ, = Ni RN
&M @) ]
" B B
S Ni=Hl +Hl =—%1, +—I
Ho He Mo

MTED-CSKTD PVLong
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Nang luong t treong tich trik trong thé tich V W. =wV
khi tir trwedrng phan bd déu m m

Néu mach tir tuyén tinh:
Mat d6 nang lwgng w,, = w’,, mat do déng nang luong W W E BH

Chuona 4: Phan tich hé théna dén co dina Kl rién nana lvona

© Khéo sat hé théng dién co c6 nhiéu civa: N civa dién (bién iy, i, ..., i
M ci¥a co (bién X,, Xy, ..., Xy)

iy f¢ hoac Ty

A * + %, hoac 6,
i . T hoac T;
v, ) He ™ — x, hodc 8,
B — thong -
. . dién co
. oo fihoacTy
Ww_ [ X hoéc 8y,

| Tt thong méc vong & bt ctr cdng dién ndo Ay, 4 ham ciia tat ca cac bién: |

)\k:)\k(il, oy ey s Xas X +evns Xag) k=12,..,N
" : v oA dip o oA dx
- Dién ap cam tng Z,.l 3 dt Zidgd—t‘ k=12..,N
1

‘Tu’ung tw lwc & bat clr cong co nao fe, 1a ham clia tat ca cac bién:

0 = £ g o X Xg) =220

BuTBD-CSKTDP
(Tceinn ede

Ghurong 4: Phan tich hg tning dén co ding ki rign nang krong

14-Mar-18

Churong 4:Phan tih h g i o ding K rén iang kromg
Gidi thiéu — Tdng quat [/1] _ [L][I] 279
Phan dau can xac dinh: - Bién 4p cam ting \
- Lwc dién tlr (moment dién tu’)f Nengwong B uong
0
1. Chuyén dong théng i M
- Mgt cudn day (mang 2 cira) -

Dién ap cam tng

- Hai cudn day (mang 2 clravéo 1 clrara) =

Nh:i:é_u cudn day kich thich (mang da ctra)-* Dién ap cam tng
2. Chuyén déng quay ’

Dién ap cam trng i

- Mgt cudn day (mang 2 cira) -| Bién ap cam rng

- Hai cuén da

ing 2 clra vao 1 clra ra) | Dién &p cam tng

day kich thich (mang da ctra)—+| Dién ap cam trng

‘Phan cudi * Dung d h luat Newton -+ d& xay dwng cac phuong trinh can g
Hye: Iy c6 nguon gbe tir dién (Iyc dién t) fe, lyc c6 ngudn gbc tir co (lyc co) f,
m-m@»a» he théng phwong trinh trén - Tim nghiém

TR VP WGi('Yi thiéu — Téng quat [ﬂ,] _ [L][I] P
Phan dau can xac dinh: - Dién 4p cdm (rng

’ \,
o (moment dién tu')f NengI oo iong

M6t cudn day (mang 2 cira) - -

- Hai cudn day (mang 2 ctra vao 1 cira ra) - | Bién ap cam trng
- Nhiéu cudn day kich thich (mang da cira)-| Dién ap cam (ng
2. Chuyén déng quay
- Mgt cudn day (mang 2 ctra) -| Bién ap cam rng

- Hai cudn day (mang 2 ctra vao 1 ctra ra) - | Dién ap cam rng

- Nhidu cuén day kich thich (mang da ctra)—| Dién ap cam (ing

* Gidi. hé théng phuong trinh trén - Tim nghlem

(rlmmecies 20167

Chuong 4 Phan tich h thing dign co ding K ign nang krong

Hé théng dién-co chuyén dong thing — Mdt cudn day

Phéan tinh X
N

Phéan déng

BMTBD.CSKTD-PVLong
(TCBInh edited 2016
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Hé thdng dién-co chuyén dong thdng — Mot cudn day

Mach tw COM khe h& khéng khi x,
phén dong chuyén dong theo phwo'ng X
trvgt 1&n dém phi tir tinh 6 bé day g. Gia
thiét: g << w, x<< w. (B6 qua tlr thdng ro,
t&n). igiep = o, Cudn day c6 s vong N.

Tinh L, A va v?.

(Mach tlr nay thuwérng dung trong co ciu
Ao n S 2
v&i yéu cau lyc 1én phwng do6 dich chuyen
nhd, nhw co' cAu ngét bao vé clia ciu dao
tw dong (CB), déng mé valve...néu mach

ttr dang solenoid dac tinh sé tét hon)

Trong 18i thép c6 B= pH, Vi pig; ey = 0, B
h*u han nén H= 0, chi ton tai cwong do tr
trwong H, & khe hé khong khi x va H, & g

Tinh Hy, H,? »

BITED-CSKTD-PVLong
(TCBinh edited 2016)
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Churong 4: Phan tich hé théng dign co ding K
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Hé théng dién-co chuyén dong théng - Mdt cudn day (it) Hé théng dién-co' chuyén dong théng - Mot cudn day (tt)
-ACLtrénvong 1: H,g+H,x=Ni (*) ZH | =Ni
g X - Dinh luat Gauss trén bé mat S :
=R, = R, = 2(uoH d-H2d=o**2<l>—<l>=0
R zowd 2 1y2wd (oH, ) (wd ) = 15, (2w )Ni %) 1 — D,
-(fva*)suyra: Hy=H,=—-
- C6 strc tir dong Ni g+x
tim dworc tir thong qua 1 vong day:

oo NI _2wduNi
Rﬂ-% g+x

— Tir thdng méc vong, tw cam, dién ap cam tng
6 biéu thirc nhw phuong phap truéc

hurong 4: Phan tich hé théng dién co ding ki

# V6i chuyén dong thdng co thé dung cac dinh luat dién tir hodc mach tir twvong duong
& V6i chuyen déng quay dung céac dinh luat dién tir thuan lgi, d& dang hon.

- Ttr thdng xuyén qua 1 vong day: Ni
@ =B.A= gH,.(2wd ) = 2wd. 2o
g+X

1. % = A(i, x) =?. Tl thong mdc vong qua cudn day
2
1o ND- 2wd g, N"i

it
(9+%) A 2wd
- T c&m cudn day (hé théng tuyén tinh): [ (x) = M
2.v =7 - Binh luat Faraday: - Dién ap cam tng g+x

g+x \dt
D cSITD Pvorg
ToBi cdied

ol B ) e

(g+x)’

T
Dién ap bién ap

T
Dién ap téc do

on

Naiy

Naiz

Ghurong 4: Phan tich hg tnéng dér

g e co ding ki rign nang luong
‘ BT S

Mach tlr twong dwong

Hé thdng dién co chuyén dong thang — Hai cudn day (it)
‘ — Tlr thong trong long cac cudn day: ‘ » ‘ Ttr thng méc vong cac cudn day: ‘
A:”g‘: (2N~ N,iy) A:N]@:y"\:z (2NZi, - N,N,i,)
HW . . d
¢ = ?(—ng +2N,i,)

2= Nagy =

w’ . .
”DX (~N.N,i, +2NZi,)

L11= 3)(
HoW!
L12 3)(
2
H} L, =" oN2
0.
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- Pién cam va hd cam céc cudn day : ?

=Lla=L,

Nji, =R,¢ +R, (4 +4,) =2R 4 +R &,
Nai, =R, + R, (¢ +¢,) =Ry + 2R 4,

— Tl thong trong long cac cudn day: ‘ -

‘ Tt théng méc vbng cac cudn day: ‘
w? . . .
¢ = (2N~ N, A=Ng =42 (2N| NN, )
»
b= "; ( Ny, + 2N, ) Jy =Ny, = ( NN, +2N3i, )

=L,i +Li
[ v o [

j7=|-mi1+|—zziz = W22N2
Lu="5
Hoéc dang ma tran: L, 3x

HW 2
=-2_2N
L, %

e g i i Y@ théng dién co chuyén déng thang
Tl thdng méc vong qua cudn day A
14 t6ng quat dudi dang ma tran

[A]=[L][i]

- Téng quét dién cam L 1a ham cla x vai {

=[i]=[L]"[4]

- Néu mach tir tuyén tinh - L khéng phy th

» Dong dién qua cuén day
Hozc 4+ téng quat dudi dang ma tran:

=L(x)
Vé&i mach tir nhw hinh chi cé 1 cudn day, = L(x)i
mach tir tuyén tinh (igiey = ) =>4 ( )
2
,1:N<1),2Wd”°N i
(g+%)
2
Leg =2 - 2wduN
g+X

2 4| Dién ap cam ng trong cudn day

S-S ) &) 2] e 2

T T
Dién ap bién ap Pién ap toc do

https://fb.com/tailieudientucntt

it ‘ X : khoang
Lo dich chuyén

Hé théng dién co chuyén dong thang — Hai cudn day He thong dlen co chuyén dong thang — Hai cudn day (tt)
Mach tir nhw hinh vé& cé bé day W, Wis ep = ©, phan mach tir phia dudi chuyen Tt S = X X Nyiy Nai,
dong thang x(t) . Tim tir thong méc vénap}\ 1, A, theo iy, ip, va x. Tim dién cadm, hé lihenokaongkiiy R, = 1A - I W2
cam cac cudn day. ° o

+ - + -
V.(l)T v,(00
i,(0) iyt), w
LA
7 s ~

- Dién cam va hé cam céc cudn day : ?

22
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Churong 4: Phan tich h théng dén co ding ki rién nng kong

Gi6i thiéu — Tdng quat [/1] :[L][I] )

Phén dau can x&c dinh: - Dién 4p cadm (ng 7
- Luc dién tir (moment dién tir) -/
o

1. Chuyén déng thdng

- M6t cudn day (mang 2 cira)

2. Chuyén déng quay

- Mgt cudn day (mang 2 cira)

-| Bién ap cam &ng |-
- Hai cudn day (mang 2 ctra vao 1 ctra ra) - | Dién ap cam (rng

- Nhiéu cudn day kich thich (mang da ctra)->| Dién ap cam (ng |-

‘Phan cudi + Dung d h luat Newton - d& xay dwng cac phuorng trinh can bang
Iwc c6 ngudn gée t co (lyc co) f,

Hye: lyc c6 nguon gbc tir dign (Iyc dién tir) fe,
ofre® i

Siai he thdng phwong trinh trén - Tim nghiém

Churong 4: Phan tich hé thing dién co ding K rién nir

Lyec dién toe
Ly dién tir

Luc dién tie

Moment dién tir
Moment dién tw

Moment dién tt

14-Mar-18

Hé théng dién-co chuyén dong quay - Mét cudn day

Hé théng dié

-co' chuyén déng quay - Mot cudn day

Tw cadm L cla cudn day:

2
Lo)-2-Ne_N Ni) N
i i 2R ZRg
1
Tir trd 1 khe hé kk: Rg—fi
Ho Ay

Tiét dién khe hokk: A, =h.(r+0,59)6

2
L(H)ZL:sznh(r+o,59)9
2R, 29

47.107(0,05)(0,04+0,02
L(6) - 2000 #7207 (.09)(0.04+0,02) _
2(0,04)
=» Tl thong méc vong qua cudn day:

_ 2 eh(r+0,59)0
29

BMTBD-CSKTD-PVLong
(TCainh edted

Ghurong 4: Phan tich he tndng dén cor ding ki

o
N
o—]
il
(main ar gap)

Permesbilty. n-»= Deptn: b

Céu tric
hinh try
chidu dai |

CuuDuongThanCong.com

Heé théng dlen -co' chuyén déng quay - Hai cudn day

Chu tric
hinh try
chiéu dai |

Céu tric
hinh try
chiéu dai |

Mach tlr nhw hinh vé cé: rotor quay ban kinh r =
40mm, bé day (bé sau vao trang gidy) h = 50mm,
khe h& 9= 4mm, N = 2000vong . Bd qua tir tré
clia I6i st (g4 = ) Va tir thong rd tan

Tinh ty cadm L, tir thdng moc vong qua cudn day

Tw cam L clia cudn day:

2 Ng_ N[Ni]7N72

L(o -
©)=7=75 2R, ) 2R,

1
Tir trd 1 khe hd kk: R, = fg—‘

MRy )

Tiét dign khe hd kk: A, = h(r+0 59)60

_N e A(r+0,50)0
TR, 29

ding i ién ndng luong

He théng dién-co' chuyén déng quay - Hai cudn day

& arc
Permeabilly: w0 Depth. b

Permeabiity: p—+= Depth b

B.PyLong 28

ng Gién co ding khai ign ndng lwong

© Khao sat 1 hé théng dién-co' c6 cu tric hinh
tru chiéu dai | chuyén dong quay nhw hinh vé.

Céan xay dyng hé phw(yng trinh md ta hé thdng dién-co.

Cu tric
hinh tru

chiéu dai |
- He =0
clia stator va rotor theo A, , A,

= Tinh : v, v, cla stator varotor.

N,: S6 vong day quén stato

N,: S8 vong day quén roto

R: Ban kinh roto

I : Chiéu dai roto

g: Chiéu dai khe h gitra stato roto

Gia thidt: 1y e, = o, khe hé khong khi
gitra stator va rotor rat nho (g << ban kinh
rotor R va g << chiéu dai rotor £.),va c6
duong stre theo phwong hwéng kinh (luc
tac dong Ién day quén roto sé c6 phuong tiép
tuyén)

30
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Churong 4: Phan tich hé théng dén co ding ki rién nng kong

Mach tir chia lam 4 géc, méi géc c6
cuong do tr trwong H,y Hy His Hy
dwoc xem co giéa tri khdng ddi

@ Tinh: A_, A, theoi, i, vagéc quay 6 ﬁlénrj‘ t‘ruc
nh tru
chidu dai |
i + IW (6’)I fy =0
[ -H,,
= ol + L1
- Dl.f;r.ua.l:\'f‘..( =).= \ml,_.r_,, ta co:
Trén vong 1: H,-H,= sls
Trenvong2  H,,—H,, = el
Trén vong 3: H,-H, q\‘
g
A N
Trén vong 4: H,—H,
9
Churong 4:Phin tih h g 6 o cing K g g
Tom lai: j‘s = les F Lm(a)lr
ﬂr = Lm(e)ls + LTII' CAu tric
hint\ m_:h
Tucamstator: L, = NZL, L, = 4Rz / (29) ;hle:u;all
Tycamrotor: L =NZL, | lacachangso

6 cam: | Ln(@)=N,

Hode | L, () = N,N, L,

0<6<m

[l 26) (Qhu thuoc vao 0)
b

1+— ]neu-n<e<0

D6i voi may dién thuc té, mu:qn'g 1am nhidu
ranh day quén— L,, c6 dang ham diéu hoa /

L, =M cos(6)

L(@)=NN, L“ 1+7

Ham sb Lm phu thudc vao 6

Chuong 4: Phan ch h théng ien o g Kl rén nang WGiéi thiéu - Téng quét [l] - [L][I] -
Phan dau can xac dinh: - Dién &p cam tng

\
- Lwc dién tr (moment dién tu-) Nang luong ttr treong
.

s

/

1. Chuyén déng thdng

- Mgt cudn day (mang 2 cira) -| Bién ap cam &rng
- Hai cudn day (mang 2 ctra vao 1 clra ra) - | Dién ap cam rng
- Nhiéu cuén day kich thich (mang da ctra)-+| Dién ap cam (ng
2. Chuyén déng quay

- Mét cudn day (mang 2 ctra) -| Bién ap cam &rng
- Hai cudn day (mang 2 ctra vao 1 clra ra) - | Dién ap cam (rng

- Nhiéu cuén day kich thich (mang da ctra)-+| Dién ap cam (ng

:ii‘h n cudi * Dung dmh luat Newton - d& xay dwng cac phudng trinh can bang
: Hwe: lwe ¢6 ngudn gbe tir dién (Iuc dién ti) e, luc ¢ ngudn gbe tir co (luc co) f,
ol (Gidihg théng phwong trinh trén - Tim nghiém

(TGBodtes 2016+

CuuDuongThanCong.com
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Chuong 4: Phan tich h théng dién co ding ki rin nang kiomg

- Dinh luat Gauss Benda=0
Ap dung cho bé mat kin S bao quanh rotor
va ACL dan ra duoc.

NN
NN e
Hiz = “g ==Hy chidu dai
- Tlr théng méc vong day quén stator He =
Taco:¢, = [ Bida =[ sH IRdg+[ " sH . IRdg
Sau khi bién dbi va sir dung két qua dinh luat Gauss & trén ta co:
= A =Ng =Li+L,©O)i
vei {w cimsiaor: L, =NZL, L= 4Rl !20)
Hécam: L, (0)=N,N, L, (1 )
- Tuong ty tir théng méc vong day quén rotor
e P A=LO@i+L, VoL =N ;

(TCaim cated 20161

G 4 P g st o i i s g théng dién co chuyén déng quay

= Dong dién qua cuon day
tdng quat dudi d?ng ma tran:
=[i]=[t]

TP' théng méc vong qua cudn day A,
14 tong quat dwdi dang ma tran:
[#]=[1]01]

- Tdng quat dién cam L 1a ham clia 6 va i
- Néu mach t&r tuyén tinh - L khdng phu thud =L(®)

‘Véri mach ti nhw hinh c6 2 cudn day, ‘ [/15} :[ L L.“(H)ML]
ir

mach tir tuyén tinh (Higiiey = ) A L@ L
Ty cam stator: L = NsZLo} L, = 1,RIz/(29)

Ty camrotor: L =NZL, la cac héng sb

H& cam (MB thuc té co nhidu ranh): L =M 005(9)

2*‘ Dién ap cam tng trong cudn day ‘

Zts +M cos(e)

di, i
—L+M cos (@
- (9) .
(Tosim edred 2016
Churong 4:Pran tih h g i o dng ki ién niang krong
1. Gidithisu . X
2. Hé théng chuyén dong thang. L=f(xi)
3. Hé théng chuyén dong quay L= f(6.i)
4. Phan tich lyc dung khéi niém nang lwong
5. Phan tich lvc dung khai niém dong nang luong )
6. Khai niém nang lvong va déng nang lwong trong hé théng da céng
7. Bién ddi nang lwong — Bao toan nang luong.
8. Pong hoc clia hé théng co théng s tap trung.
9. M6 hinh khéng gian trang thai
10. Phan tich diing phwong phap s6.
BMTBD-CSKTD-PVLong 38
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Nang luong t treong tich trik trong thé tich V W. =wV
khi tir trwedrng phan bd déu m m

Néu mach tir tuyén tinh:
Mat d6 nang lwgng w,, = w’,, mat do déng nang luong W W E BH

EMTBD.CSKTD.
(TCBinh edte

Churong 4: Phén tich hé théng dén co ding ki rién ning kiong

Nang lwong tw trwvong.
i R

i
- Nang lvong lay tir nguon dién tich trde T T treong
trong t&r trwdng rdi xudt (mot phan) nang u v

x
lwong ra cdng co (ciing cb thé nhan nang _| (khéng tén hao) o

14-Mar-18

Chuong 4: Phan tich hé théng dién co ding ki rin nng kiong

Nang lwgng tt tredng. (Néng lrong tich tri trong tir triong)

-Trong phan trwéc da tinh dwocham A =A(i, x)  (chuyén dong thang)
hodc A =A(i, 8) (chuyén dong quay)

-Truéc khi tinh cac phwong trinh co & cdng co ta can tinh lyc dién tir e = fo(i, x) va
moment dién t&r T = Te(i, X) (luc va moment c6 ngudn géc tir dién) dwa vao khai niém
nang lwong tt tredng va dinh ludt bao toan nang luong.

Trong hé théng co: chiéu cia luc f quy
worc Iy theo chiéu duong cia x,

trong lwong M va la xo c6 dé cirng K
dwoc biéu dién la 2 phan tor dau cuc,
1: 1a chiéu dai 6 xo & trang thai tw do.

Duwa vao khai niém da biét, ta co thé
— + hinh dung ra 1 hé théng dién ndi voihé

* W F liLeomg % 2x1 thdng co thong qua ttr truéng (khdng

b (khéng t8n hao) S | c6 tdn hao). Hinh a c6 thé dién giai

- =) 5 | thanh mang 2 cta hinh b

GSKTDPVLong (b) 40

(TCBinh edited 2016

Chuong 4: Phan tich hé thing dén co ding K rin nang brorg

Nang lvong tw trwong.

* Tinh nang lvong t 'ng dw trl khi di tl
diém a dén b doc theo mot dwong C bét ky

T}

lwong tir céng co) - " P = = N @

’ . . Do mang 2 ctra khong c6 ton hao, dé thay doi nang B b

* Néu mang hai ctra khong co ton hao cong suat, Str dung dinh luat bao toan nang lwong lwgng tir tredng du trir trong hé théng khi di tir diém a Ao (3)
trong khoang thi gian dt, nang luong tir truéng dw trie dW,, , khodng dich chuyén dx. dén diém b khong phu thudc vao dwéng 4y tich phan. 8
C A
Nang lwgng nhan Nang luong tr | 4 | Nang lwong 5
‘ tir ngudn dién trwong dy trie o \ — Ta c6 thé chon I4y tich phan theo dwong A hoac B \ Aa :) . "
vidt = dw, + fdx dW,, =idA - fdx . .
da Puwona A: A o)
dW,, =vidt — f °dx = ——idt— f °dx % ce
" dt (Ao %) =Woy (g %) == £ (A, X dx+J’ (4,%,)dA
a

= nang lwong tir trwdng dy o e
trl trong khoang théi gian dt: dWm =idA- fdx
Nang lwong tlr trvong W, 14 ham 4 bién A, i, fe x.

Chon A, x |a cac bién déc lap — fe va i la cac ham sb.

BUTEDCSKTO P VLong
(TCeinh edie

®»Nang lwvong W, (A x) 222

» Luc fé(A,x) hodc moment 222

4: Phan tch ng théng a

.Y nghia vatly cla viéc tich phan theo dwong A:
PAu tién dwa nang luong vao cong co trong khi gilr A=A, =const (phu thuéc vao cong fe),
sau do dwa nang lwong vao cong dién trong khi gite x=x,=const

‘ + Y nghta vat ly clia viéc tich phan theo dwong B: nguoc lai ‘ N
Ao 3)

‘ - Xét viéc tich phan theo dwong A ‘
W,y (g, %) =W, (A, X ):—j (4, x)dx+j (Ax)dz ) | 5
+ Néu A,=0 > khéng cd luc tir dién Iic ban dau > f¢(0,x)=0 4t

= Wy (%)W, (0,x) = [["i(4,%,)d2 I
+ Xem x,=0, dat A;= A bat ky va x,=x bat ky, ta s& co biéu thirc !lnh A b

Fing g wocno + |URERAB TGRS

Aax)=[lilx)aa- "1 (% X)dx

|- Néu tich phan theo dwong B | W, (4,,x, )—

1.2 Vay tich phan theo duong A dé hon

(TCBInh edited 2016)
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- cén phai biét ham fe
43

Dbwong B:
W (2, % ) =W, (A, X, ) = j (2,%,)d A~ j £ (4,,x)dx

a cta 2 cach la nhw nhau, ke ca néu tich phan theo dwong C khi biet bieu thiec A(x) H

— oW, (4,x) i
Lwec cé ngudn goc tir dién: = e _ _ m\ ™ [
T £5 = =22 i W, (4,%) = [i(2,x)d2

[ang ono o woong » | UNERARICRR

‘Véy lc sinh ra bang téc do bién thién clia nang luong tir trvong theo phuong dich chuyén

‘ = DGi voi chuyén dong quay ta chi can thay bién x bang 6 va lyc fe bing moment T

(Phwong phap nay thuan lgi khi kich thich la ngudn ap) ‘ s

BITED-CSKTD-PVLong
(TCBinh edited 2016)
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Churong 4: Phan tich hé théng dén co ding ki rién nng kiong

‘ Phan tich Iwc dung khai niém nang lwong - Vi du

‘ Mach tlr nhw hinh vé (da khao sat & slide truoc
Tir vi du & slide trwdc da tinh dworc tie tl 6C vong:
2wd y,N% m i /
A=Nb= = :® ¥
g+X \g/nx/g +x/9
it

Da biét bidu thirc nang Iwong tir trwong dy triv trorig mach tir:
x. i A A
W, :jo i(4,x)da :L E(1+x/g)d}»:‘—l_o(1+x/g)

W, (hx) A

= Tinh fe(, X)va (i, X) |

Tinhfe:  f2(4,x)=

ox 20,0
2
Do A= ZWZ/JUN i
Hoéc tinh fe(i,x) +X . .
theo i = f°(i,x)= Li* 1L

auTeD.CsKTO 2L,9(1+x/g)  2g(l+x/g)

Churong 4: Phén tich hé théng dén co ding ki rién ning kiong

Phan tich lyc dung khai niém dong nang lwgng

Vi phan ciia tich d(Zi)=idA+2Adi — idi=d(2i)-Adi
Prantuscaacoe AW, =id A — f°dx
> AW, =d (4i) - Adi— fdx
- d(2i-W, )= Adi+ f *dx
pat W, =W, (i,X) = Ai —W,, goi la déng nang luong

Dods:  |dW, = Adi+ f°dx

W', la ham ctia 2 bién i va x a7

‘Churong 4: Phan ich hg théng dién cor ding kha ién nding luong

Do thi mé ta néng lwong va ddng néng lwong
Dén day ta da tinh dwoc lyc dung nang lugng hodc ddng nang luong.
Tuy theo hé théng, chon 1 trong 2 phwong phap thuan Igi hon.
yén tinh (L khéng phu th A
i 20 2 i2 o
w,=["i(2x)dz=]’ ALY g, 20X LOE L) e
o ° L(x) 2L(x)  2L(x) 2 s

W, = [ 2(1,x)di = [ Looidi= %L(x)iz

O trang thai x

* Xét hé thong

(1/2 dién tich hinh chi¥ nhét) <1

‘a wm=W',"=§Li2 =§M

Trén db thi A(i) ta cling c6 thé mé ta va tinh duwoc W vaW’,,
W, :I:i(ﬂ,x)dl: AreaA = W, =[ 2(i,x)di= AreaB

z n z B L7

= Vay doi voi hé thong dién tuyén tinh thi A TH S
khéng can phan biét, 2 phuong phap nhuw nhau. /’/// /,Q {; N
78N

NN

* Xét hé thong dién khong tuyen tinh (L phu thudc i) 8 § § §

NN

o

= W, #W’', nhung W+ W’ = Ai
BMTBD-CSKTD-PVLong 49
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Chuong 4: Phan tich h théng dién co ding ki rién nang kiomg

. Gioi thiéu .
. Hé théng chuyén dong thang.
. Hé théng chuyén dong quay

WN e

4. Phan tich lyc dung khai niém ndng lwong

. Phan tich lyc duing khai niém dong ning lwong
. Khai niém nang luong va ddng nang luwong trong hé théng da céng

o

7. Bao toan nang luong - Bién ddi nang lvong

8. Dong hoc clia hé théng co théng s6 tap trung.
9. M6 hinh khéng gian trang thai
10. Phan tich diung phwong phap so.

BMTED-CSKTD-PVLong 46
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Chuong 4: Phén tich hé thing dién co ding ki rién ning kromg

Phan tich lyc dung khai niém dong nang lvong.

Twong tw phan nang lugng, chon diém ban dau tai
gdc toa dg i(x). Do i=0 > fe=0

l:awm(_i,x)

o

o _ W ()] e W (i, %) = [ A(i, x)dli
. vei: W, (i,x) = [ (i, x)d

So sanh (*) va (**) ta duwgc:

Luc c6 ngudn gdc tir dién: »

(Luc dién tir)

‘ Vay lyc sinh ra ciing béng téc dd bién thién ctia dong nang lvong theo phuong dich chuyén

| » Déi v6i chuyén dong quay ta chi can thay bién x bing 6 va lyc f¢ bang moment T |

‘ (Phuong phép nay thuan lgi khi kich thich 1a ngudn dong) ‘

BMTED-CSKTB-PVLong
(TCBinh edited 20161

48

Chuong 4 Phan tich h thing dign co dung K ign nang krong

Db thi mé ta nang lwong va ddng nang lvong

* Xét hé thong dién khong tuyen tinh (L phu thud

= W, # W' nhung W+ W’ = Ai

Khi hé théng dién-co chuyén dong thang
tlr x dén x+Ax thi A(i) s& bién thisntheo A,
duwéng cong tir diém a toi b.

D6 thay dbi nang lwgng tir trwdng ti 18 véi
dién tich tam giac cong oab, sinh ra luc
trung binh trong doan x la: _ AW,

AX

BITED-CSKTD-PVLong
(TCBinh edited 2016)
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Churong 4: Phan tich hé tnéng dén co ding ki rién nng kiong

Phan tich lyc diing khai niém dong nang Iw

dW_ =idA— fdx -
W, (2,%) =[] i(l,x)di‘

oW, (A,x
Luc co ngudn géc tir dién: » fe= —M
(Luc dig ox

Nang lwgng tlr treong »

= Néu A= const, nén tinh luc dung khai niém néng lweng thuan loi hon.

AW =Adi+ fodx
W i) = [ 20 )l

aw, (i, x)

X

= Néu i= const, nén tinh luc dung khai niém déng nang luong thuan lgi hon.

Lwc c6 ngudn gbc tir dign: » fe

(Lwc dién twr)

EMTED.CSKT ong
(TCBinh edie

Churong 4: Phén tich hé théng dén co ding i rién ning krong

‘ Phan tich lwc dung khai niém déng nang lwgng — Vi du

| + Tinh fe dung cac dinh luat dign tir. | I A
- Binh luat toan phan dong dién (Ampere) e Pl T
trén duong cong (C): H_I, +H,x+H,x=Ni (1) R e B
- Dinh luat Gauss trén b& mat kin bao quanh phan dong: = ! .

. r_; | ‘1
HA=HA > H=H, @) et |
- Dinh luat Gauss trén bé mat S bao quanh bé mat tiv cuc: ~
H & £
HHA= H A —> Hc:iH1 ®)
- Mva@ - HIL+2Hx=Ni (4)
Ni
- So sanh (3) va (4) tinh dwgcH, :  H,= _NE
ﬁlc+2x
- Ttr thdng mdc vong qua cudn day: H
Ni NZi
A=Ng=NuyHA= N/JgiA:ﬁ
&Ic +2X <+

HA 1A

M
- Déng nang lvong va lyc cé biéu thirc nhw phuong phap ding mach tr twong duong
BMTBD.CSKTE-PVLONG 54
(TCBih ean
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Chuong 4: Phan tich hs théng dién co ding K rign ning kiong

Phan tich lyc dung khai niém déng nang lwgng — Vi du

Mach tr nhuw hinh vé c6 tiét dién déu la A, chiéu dai clia duong strc tr trong 15i thép la
I, khe hé khéng khi x, dd tir thdm cuia I6i thép co gia tri la p. Cho dong dién i chay qua

cudn day N vong. Tinh luc fe

+ Tinh fe ding mach tir twong dwong (MTTD). ‘ Phin tish x Phin atng
T trd machtt: R = IC , R = 2 .
©uA S A

oo Ni__ Ni _ N VO-.®:L¢+ 2%
CRA4R, 5+ R(X) HA A
e 9 WA A

La ter tré toan mach tor

NZi
* Tirthéng mécvong A =Nd =——
R(x)
* Pdng nang lwong i . NZi2
tur trwong ciia mach to: - Wy, = | A(i,x)di =
g clia ma =A%) 2R

volue oMo N d( 1 N2
=D _ L |- .
s 53

Bai tap (Hé thdng dign-co chuyén déng thdng — Mt cudn day)

Mach tir (role dién co’) nhuw hinh vé: shén finh
g : khe hé khong khi =3 »

(g nhd hon nhiéu so véi bé cao phan tng h
d : bé ngang ctia mach tir; (phén img)
- bé day clia mach t X g i T
I : chiéu dai trung binh cltia phan tinh mach tir SR )
6 dich chuyén ctia phan tng; L
N : s6 vong day
i :dong dién trong cudn day. —
Phén tinh (c6 tiét dién ddng déu) va phan dong (di chuyén theo
phuong ndm ngang) lam bang vat liéu sat tlr cé do tir thdm p.
B6 qua hién twong tir tan, lwu y réng dwéng di clia cac dudng

T8 ’] pidn ding
{

strc tir trong khdang gitra 2 cyc tir va phan ing dwoc thé hién g
trong hinh vé )
Tinh theo cac thong so clia mach tir va cudn day: at

a) Ttr tré ciia mach tw
b) Ty cdm L cua cudn day i
c) bién ap cdm (rng trén cudn day cho trwdng hop sat tir co p = «

' d) Bdng nang luong (co-energy) tich trir trong ttr treong W', theo (i, x).
ie) Lwc tir fe tdc dung 1én phan g, cho trwdng hop sat tir co p = «

@
a

aMTED-CS
TCBinh edited 2

aitn co dica i

ong 4 Pran 1o it co ding el cieo o

Bai tap (Hé thdng dign-co chuyén déng thdng — Mot cudn day)

‘ Bai tap (Hé thdng dign-co chuyén dong thdng — Mt cudn day)

¢ phdn finh

a) .
- Tw tréy 16i sat: R =

u al
- Tt tré khe ho kk: R, =+ 29
9
Hy
Tiét dién khe hé kk: A
_1_ 29
O 1(d=x)
- Tl tr& toan bd mach tir:
_1l+h 1 29

== +
MachTu o dl un|(d7>()
b) Ty cdm L cua cudn day
A_M_E[ Ni ]_ N?

LO=7 =5 =TlR R

MachTu MachTu

NZ
“1+h 1 29

1
uodl oy 1(d=x) 56

CuuDuongThanCong.com

b) Ty cdm L cua cudn day

L(x>=4=M=E[ Ni J=RN2 %_

! ! ! RMachTu ‘MachTu +9 Ni § Rg
N : N : K")
L(x)= [ —
( ) RMachTu £|0+h 1 29 H=

4=
podl oy 1(d=x)
c) Dién ap cam (rng trén cudn day cho trudong hop sét tir co p = «

N? 2 N2I(d -
H=0—> L(X):R—:#:M
o 120 29
4, 1(d =x)

di d(Li) di .dL_ di

V=—v = =L—+i—=L—+
dt dt dtdt o dt
v_,uoNzl(d—X)ﬂii,uoNzldx
29 dt 2g dt

57

viong
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Phian ieh hé théng dién co ding Kl ién ndng luong

Bai tap (Heé thdng dién-co chuyén déng thang — M6t cuén déy)

d) Bdng nang lvong (co-energy) tich tri trong tir trvng W', theo (i, X), khi p httu han
. (co tinh dén tlr tré sat tir)
W, = [ 2(i)di = [ L(x)idi = Lo
NZ
N b M0=Tn, 1 2
21lk+h 1 29 Al g 1(d-x)
uodl o u 1(d=x)
+ Dong nang lwgng tir truéng W, theo (i, x), cho trudng hop sét tir co {1
I o1 I h
W, = Lﬂ.(l, x)di = L L(x)idi = 3 L(x)i

:lﬂoNzl(d’X)iz:ﬂol(d’x)(N %

"2 29 49
e) Luc tir fe tac dung 1én phan &ng, cho truong hop sét tir co p = «
W, ol
fe=—=n= (NI)
X 4g 58

Phin tich hé théng dién co ding ki ién ndng lwona

Bai tap
a. Tl tré khe hé kk: d -7 U=
-1 ez Lo Lo
2 uoad - Tag R zR R
%
Rr* =R =2R, Ni
2 =
w @3 u U ajz
T tré tdng cac khe hd kk :
29
R, =2R, =
° ’ Hoad
Ni ad
Tirthong: @ =— = Ni#®
Ry 29
Had i
Tir thong mécvong: A =Nd = N2 wh =..?
29 Ni

Véi:  a=20mm , d =30mm
g=2mm, Wo=4ml07"Hm 5 - . Wb
N = 1000 vong, | = 2A

Ghusonn 4 Phan tich he inin dn co ding Kl 660 t40a koo

Bai tap (Heé théng dién-co chuyén dong quay - Mét cudn day)

Mach tlr nhw hinh vé co: rotor quay ban kinh r =

40mm, bé day (bé sau vao trang giéy) h = 50mm, khe

h& g = 4mm, tiét dién khe ho kk A =h.(r+0,59)¢

N = 2000véng . B qua tir tré clia 161 sat (His e5 = )

va tlr thong ro tan

1. Tw cam L cla cudn day

2. Khi dong dién vao cudn day 1,5A tinh moment dién
tlr tAc dong I1én rotor va tir cam & khe hd kk

3. Dé tranh bdo hoa mach twv, gia trj Ién nhat mat do
théng qua khe hé kk duoc gioi han la 1,5T. Xac
dinh moment dién tiy I&n nhét clia co ciu

1. Tw cam L cuia cudn day:
2
L(6)= A N¢ N[ Ni) N®
i i 2R 2R,
1 9
Tir tré 1 khe hé kk: Ry =———
#oAg

Tletdlenkhehakk A =h(r+0,59)¢

CuuDuongThanCong.com
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Bai tap

Mach tr nhu hinh vé, phén tinh c6 day quén

dwoc gén cé dinh, phan dong co thé di chuyén 9= —

theo phwong dirng. Bé qua tlr thdng ro tan va to —
—?

tré cia 16i sat (U = )

Khi cé dong dién 2A chay qua cudn day

a) Tinh tir théng méc vong

b) Tinh ddng nang lwgng clia hé va lyc dién ti
sinh ra d -

|‘:| - Tan

a=20mm , d =30mm
g=2mm,
N = 1000 vong

8D-CSKTD-PVLong
Binh edlied 201

Bai tap
b. Béng nang luong: W, =J‘ldl = Nzl Hoad _ =..7
° 2 (29)
Véi:  a=0,02m,d =0,03m, g =0,002m, W= ]
1, = 47107, N =1000vong, i = 2A no
" 2:2
Ly dién ti: foo M _ N spad
a9 49
. 1000%3%47107.(0,02)(0,03)
> fe=— =-424 N

4(0,002)°

Luwc dién tr lubn mang gia tri am, do d6 ludn tac dung theo chiéu nguoc voi
chiéu clia bién co hoc g, ttre 1a kéo phan di dong vé phia phan déng yén.

A=N® =N 2639wy
29

Bal tap (Hé thong dién-co chuyén déng quay - Mot cuén day)

1. Tw cdm L cla cudn day:

L(g)-2-Ng_N[Ni N?
i 2R, | 2R,

Tir trd 1 khe hé kk: Ry =—-=

Tiét dién khe he kk: A, =h.(r+0,59)0
N°_ 2 (1 +0.59)0

L(9)=
2R, 29
47,107 4 2
L(6) = 2000° 7.107(0,05)(0,04+0,02)
2(0,04)

= T&r thdng méc vong qua cudn day:
N yoh(r+0,59)6i

A=L(0)i= %

MTBD-CSKTB-PVLong
TCBin eci
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Chusong 4: Phan tich hé ihdng dién co ding K4l rién ning lona

14-Mar-18

Ghuong 4 Phantich hé théna dién co ding K rién nang kora

Bai tap (Hé thdng dién-co chuyén dong quay - Mot cudn day)

Bai tap (Hé thdng dién-co chuyén dong quay - Mot cuén day)

Tl théng moc vong qua cudn day: A =L(0)i=N? Mi
g

Dong nang lugng tich trir trong mach mach tir (trong khe hé kk)
:IO' (i,0)di= j 0)idi== (B)i2
i2
W, = [ a(i.0)i = Nzi“‘)h(”oﬁg)g'f

29 2
- Moment dién tlr tdc dong Ién rotor khi dong dién qua cudn day 1,5A :

%z h(r+0,59) Nil?

Te=
a0 49 (Ni)
ow, 1ldL. i2
Te=""n 771 32(1,5 485Nm
20 2d0' 2 w8 =1
- Mat do tir thong & khe hér kk khi dong dién qua cuén day 1,5A:  Ni=2H g
Ni 2000(1,5)
B =uH — =4 .1077—0,47T
#oTls =Hogg =M (0,008 .

BMTBD.CSKTD-PVLong
i edited 2016)

Chusong 4: Phan tich hé thing dién co ding 4 rién néng kona

3.
Dong dién qua cudn day twong ting véi mat do tir thong & khe ho' kk Bgya, = 1,5 Wh/m2.

= =4,47A
4N 47.1072000

Moment dién tr I&n nhét ctia co' cAu: (tir cdm khe hé kk duoc gidi han 1a 1,5T)

R T LY

P2, 1,32=15,02Nm
do

66

Chusong 4 Phantich hé thdna dién co ding K nién nang krora

Bai tap (Hé thdng dién-co chuyén dong quay - Mot cudn day)

Bai tap (Hé théng dién-co chuyén dong quay - Hai cuén day)

Céch khéc: Tinh moment ?
Pbdng nang lwgng tich trir trong tir trwdng 2 khe hé khdng khi:

- 1 1
Wy =W,V :EBgHgvg :E#OHGZVQ

Mat do d?)ng nang lwong tich trir trong tir trudng :
1 1
ZB,H, =>uH2 [3/m’]

W =357
Thé tich 2 khe khong khi: V, = 2gA, =2gh(r, +0,59)6
N i 2H,9
Theo dinh luat Ampere: Ni = z Hl — H, =& >
i 29 Ni

‘ H? i)
W, = (”‘) J(zgh(wo 59)0) - e (N E+050)0 hﬁ;m'sg)g 2
Moment dién tir tdc dong Ién rotor:
ow, (i,0) =/1°h(r1+0,59)

T =
00 49

(Niy?

Ghurong 4: Phan tich he tndng dén cor ding ki

. Gioi thieu
. Hé théng chuyén dong thang.
. Hé théng chuyén dong quay

[RENE

. Phan tich Iwc dung khai niém nang lwong

. Phan tich Iyc dung khai niém déng nang lwong
Khai niém nang lwgng va déng nang lwong
trong hé théng da cong

EXOES

W, ,W,, = f°(hoac T°)

7. B&o toan nang luong - Bién dbi nang luong

8. Bong hoc clia hé théng co' thong sé tap trung.
9. M6 hinh khéng gian trang thai
10. Phan tich diing phuong phép sé.

CuuDuongThanCong.com

Céc gia tri dién cam:
L, =(3+¢€0s20)10° [H]
L, =0,1cosé [H] ‘J
L,, =30+10cos26 [H]

Tinh moment T véi gia trii; = 1A, i, = 0,01A

M6t mach ttr c6 2 ngudn kich thich. J
IIUIJIII

Str dung khai nigm déng nang luong: W, (i,,i,, X) = % Ll +
Suy ra moment: Te = ”

Véi giatrii, = 1A, i,

Nhan xét: Moment T*"c6 2 thanh phan.-

- Thanh phan dau ti 1€ v&ii; , i, vasind twong ting véi moment do tuong téc ctia dong

stator va rotor c6 khuynh huéing lam thang hang truc tir rotor véi stator nham lam hé

théng c6 déng néng long cuc dai

- Thanh phan the 2 ti 18 véi binh phwong clia tirng dong dién i , i, va sin28 tuong

(rng v6i moment clia hé 1 ngudn kich thich ciing c6 khuynh huéng lam cyc dai dong
» nang qung Do chu ky 1a 180° ,thanh phan nay goi Ia moment phan khang

Pl 70

e P s i 4 ST ot i dung A1 trinh bay

c6tbn hao 722
Binh luat bao toan nang lvong ‘

‘ + Hé thdng 2 clra khong tdn hao, trong khodng thoi gian dt ‘

tr nguon dién
vidt = fdx + dw,
+ Nang luong tir truong W,

Nang lvong nhan
co trwong du trir

Nang lvong ‘ ‘ Nang lwong to ‘

Thuong xdy dung dwoc ham ﬂ(i, X)

+ Bdng nang luong tir truong W', .

AW, = 2di-+ fodx| mmb W, (i) [G(ix)di b feﬁwmai(xw)

A, [ A

CA N ctra dién

M ctra co 7

https://fb.com/tailieudientucntt
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‘Churong 4: Phan ich hé théng dién cor ding kil ién ndng luong

+ Nang lvgng tw trwdng W,

AW, =idA, +i,d A, +..+i,d A, - Fodx|

AW, =i,d 4, +i,d 2, +...+i,d 4, — ffdx, — Fdx, - fod, |

« Bdng nang lwgng tlr trung W',
AW, = Adi, + A,di, +...+ A,di, + T °dx|
dW,, = A, di, + A,di, +...+ A, diy + f,odx + fdx, +...+ f;dxM‘

o= [ A (0,.0,%, %, %, )y
[ Ay [ Al
Co N clra dién

+ Hé théng da cra

M clra co

SMTED COTOPYLony
(TCBinh edited 2016

Chuong 4: Phan ich

14-Mar-18

Chuong 4: Phan tich hé thdng dign co ding K rién nang krong

Niang lwgng va dong nang lwong trong hé théng da céng

Mach t&» nhw hinh vé cé bé day w, py; thep =, phan mach t phia dwéi
chuyén dong thang x(t) . Tim t thong moéc vong A 4, A, theo iy, iy, vax.
Tinh lyc hat theo nang lwgng va déng nang lwong?

S w0o 3 0o

Wit v,(00

i.(l)l T i,(t)‘T w
e o

Fat

oan

Niiy Nai

—
| Pins -
1
BMTED-CSKTD-PVLong
(TCBinh edited 2016)

Mach tir twong dwong i

Chuong 4: Phan i o ding ki één nang kyong
Néng luong tir truong: _

Nang Iwong tich tri trong mot cudn day ‘

Don vi: Joule

X O trang thai
A =L i N
[,
« He théng 2 civa tuyén tinh:  A(i, X) = L(X).i di ///\%\\\
AR
7Z7{ N
+ Hé théng 2 cira dién A= il AN
1 clra co el ‘ 0 di i i
4+ A
A= y ) W, =W,

L

L
R heriwe] HESERET
[A=[L101)

lTu'dng tw, véi chuyén dong quay chi can thay bién x bang 6 va Iyc f¢ bAng moment T ‘

+ Hé théng da ctra:

Trwong hop déc‘biét: .
Céc tw cam L; bang héng sb khéng phu thudc dong dién va trang thai co' hoc (x hoéc 8)

BMTBD-CSKTD-PVLong 80
(TCBInh edited 2016)

(Ghurong 4: Phan tch g théng dién cor ding ki ién ndng luong

. Giei thiéu
. Hé théng chuyén dong thang.
. Hé théng chuyén dong quay

(RN

. Phan tich lyc dung khai niém nang lwong

. Phan tich lyc diing khai niém déng nang luong

. Khai niém nang lugng va déng nang lugng trong
hé théng da cng

oo s

7. Bao toan niang lwgng - Bién déi nang lwong

8. Dong hoc clia hé théng co thdng sb tap trung.
9. Mb hinh khong gian trang thai
10. Phan tich dung phwong phap so6.

BMTBD.CSKTDPVLong 82
(TCBiPh edited 20161

CuuDuongThanCong.com

Néng lugng tich tri trong hai cudn day ghép hé cam: ‘

‘w :%Llif+%L2i§ +Miji,

DAu cong: khi ca hai dong dién cung di vao hay di ra khéi cuc tinh. (Thuan cuc tinh)
DAu trir: khi c6 mét dong dién di vao va mét dong dién di ra khdi cure tinh. (Ngwoc cuc tinh)

‘ Nang lwong ttr trwbng tiph trir trong thé tich V

khi tlr trwo'ng phan bo déu ‘Wm = WmV

Néu mach tir tuyén tinh:

Mat d6 nang lvong w,,, = w’;, mat do ddng nang lwgng
BMTBD.CSKTEPVLo
(TCm cated 20160

81

Chuong 4 Phan tich h thing dign co dung K rign nang krong

- Lwu y: Ton hao dién va iR

Pl
t6n hao co' ndm ngoai bd /L P J\
- Dares B ANA Ve fa¥
vi d Y H
\

phan két ndi (coupling) ctia .
hé théng dién co A \r ‘o) j/ (Tnc?)
dt e
= Mv;ﬂﬂé xo

dt

Cén béng céng suat J"’E*m o

Néu bé qua ton hao tir trudng ta 6 so dd don gian hon

— dW,, =idA— f°dx

https://fb.com/tailieudientucntt
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14-Mar-18

Churong 4: Phan tich hé théng dén co ding ki rién nng kong Chuong 4: Phan tich hé thdng dén co ding K rién nang krong

WL A Y V_\W\ [ 4 Y 11— | 10/ L[__|

Trong mat phéng A-i, tinh d6 thay déi nang A Trong mét phéng A-i, tinh d6 thay di nang
Iwgng khi di tir diém a dén diém b: %=0.2 lwgng khi dl tir diém a dén Ziém b:
AW, =i(4, x)d2+ (- (2, x)dx) dW, =i(4,x)d2+ (= F°(2,x)dx)
Tich phan 2 vé: M=125 X0 _ (" Booce
Wm(ﬂh,xb)—wm(/la,xa):j_"’ile{—Pfedx:i S ) Wm (ﬂb’xb)_wm (ﬂa'xa)‘_ J‘gi id A+ _-[x fodx
l—'—l a Xa T a

\ AWm|a—>b = EFEla—>b +EFM |a—>b

Dy

=EFE|,_,+EFM|

a—b
EFE f lectrical I EFE fi I | T
(energy from electrical) nang lwong (energy from electrical) EFE, , :f id).
EFM (energy from mechanical) nang lwong tlr c EFM (energy mechanical) nang %= A,
Tir a dén b, véi cac dwong di khac nhau sé cho két T a dén b, v&i cac dwong di khac nhau sé cho két EFM _ o ed
qua EFE khac nhau. Nén xac dinh phwong trinh i(k) qué EFE khac nhau. Nén xac dinh phuong trinh i(k) j@asb™ - fedx
<rco| khi tinh EFE. Co thé tinh EEM = AW — EFE. <« khi tinh EFE. C6 thé tinh EEM = AW — EFE. a
Bao toan nang luong - Bién dbi nang lweng — Vi du Bao toan nang luwgng - Bién dbi nang lwgng — Vi du
Tinh thém vi du 4.15-4.16: Cho hé dién co c6 quan hé A - x nhw hinh sau:
Li 2i A b) Tinh EFE va EFM t* A>B—>C?
Trong do: A = 751 = Lp=2
9 (1%) (143 asa [N E— B c i) Tinh EFM tir A>B—>C:
X
a) Tinh AW, tr A>C? Lyi 2.0 . (1+—) (3+x)
b) Tinh EFE va EFM tir A>B—C? =2 o VoA =7 =rn Di= L“ 7”=T7”
) Tinh EFE va EFM tir A>D—>C? ’ A (“E) (“E) 0
d) Tinh EFE va EFM chu ky ABCDA? : X . «
’ . 0 . = A, a((+3) (1+9) 2z L=2
a) Tinh AW, tir AC: X Xz Wy = [y idh = [\S20 ) dho= 2= s
AW e = W — W, ° ° -
mAL: mL'v mA Dfe__an__LE__E
=Shec =5l T T aL, 2 12
1 1 _ X, X,
AWmAC = . 41— 5. 2.0, A4 EFM e = [ (=fdx + [ S(=f)dx
voir A = (z_lx) THE = 28 VA= 6A. & <2 Ma tir A>B, x=3=const nén dx = 0, v tir B-C thi A= 4.
: : . . .=
1+ 2 6 (4% 16
Y EFMABC:I;‘(%)dx=f3 (4—)dx =—x|§'=8—4:4]0ule
AWMAC = ~.4.6 —-.2.2 = 10 Joule (] — — 4 12, 12
2 2 =2 ic= : o

90

huong 4: Phan tich hg thdng dign cor ding ki rign nang kromg

Bao toan nang luong - Bién ddi nang lwong — Vi du Bao toan nang lwgng - Bién ddi nang lwong — Vi du
Tinh thém vi du 4.15-4.16: Cho hé dién co ¢ quan hé % - x nhw hinh sau:
Li 2 A b) Tinh EFE va EFM tir A>B—C?
Trong d6: A = 745 = — Lo=2
9 (19" (+) 2= A 8 c ii) Tinh EFE tr ASB—C:
a) Tinh AW,, tr A>C? Li 2. o (149 3+%) L=2
b) Tinh EFE va EFM t A->B—>C? A =2 D Voir A = =7 =i= A= Iy a=3
) Tinh EFE va EFM tir A>D—>C? ! Al (1+—) (1+§) Ly 6
d) Tinh EFE va EFM chu ky ABCDA? : %
} . . ] = = A A
a) Tinh AW, tir AC: =3 X;=8 _ - o
AW,ipe = W = Wi EFEABC = f;\’A id\ + f;\’B id\
=5 hele =5 hala A %= X=6 Ma tir BoC, A=4=constnéndir =0 vatr A>Bthix=3
- B~ A 4 2
EFE pc = fxE(Mk) dr =[] ((3+3) 7») di Y 8 —2 =6 Joule
A 6 2 6 2|2

1 1 .
AWMAC = 5.4 = 5. 2.1 Bl I
2 z
) ]

i
Voi: A = m Thi: i,= 2A, vaic= 6A. Ciing ¢ thé tinh EFE theo:
: i AWmMAC = EFE ;3. + EFMABC

1 1 g H
AWmAC =346 —3.2.2 =10 joule L =6 = EFE 50 = AWmMAC — EFM 5. = 10 — 4 = 6 Joule

92 93

13
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Churong 4: Phan tich hé théng dén co ding ki rién nng kiong

14-Mar-18

huong 4: Phan tich hé théng dign co ding K rign nang krong

Bao toan nang luong - Bién dbi nang lweng — Vi du

Bao toan nang luwong - Bién dbi néng lweng — Vi du

¢) Tinh EFE va EFM tr A>D—>C?

i) Tinh EFM tir A>D—C:
EFMpc = f:u(_fz)dx + f;c(_fz)dx
A »
Ma tir DC, x=6=const nén dx = 0, va t* A—>D thi A = 2.

EFM e = [ (}‘z)dx = f: (12)dx :—x| =2-1=1]Joule

ii) Tinh EFE t* A>D—C:
EFE ¢ = f{‘ﬂ id). + f,f‘f id).
” »
Ma tir A»D, A=2=const nén di = 0 va tr D=C thi x = 6.
(3+x) (3+6) _3)\%|a
EFEAD,:—f,L (&) an = (22 )dx_;7|z_

Hay tinh theo béo todn néng lwong:

2-3=91

EFEypc = AWmAC = EFM e =10 -1=93
o

Churong 4: Phén tich hé théng dién co ding ki rién ning krong

Khai nién EFM hiru ich khi
nghién ctru sy bao toan
nang lwong trong thiét bj

Khi két thtic méi chu ky, hé théng tré lai trang thai ban dau

hoat dong c6 chu ky
Theo so d6 can béng nang lwong:
dW,, =id A fedx .
Tich phan trong 1 chu ky: v

o=<_f>id/1—q'>f9dx=<j>id,1+(-cf>fedx) i %(m)
95EFE+<§>EFM:0

dt
So dd can bang nang lvong
Ky higu khac: EFE\

khi bd qua tén hao tir trwong
+EFM| . =
cycle cycl

Tinh EFE va EFM trong mét chu ky.

96

Ghurong 4: Phan tich he tndng dén cor ding ki

GIO’I thiéu — Téng quat [/’L] =[L][i] P
Phan dau can xac dinh: - Dién ap cam tng
- Lwc dién tir (moment dién tu)

\
Nang luvong tlr trudng
s v

1. Chuyén déng thdng 4 M

- Mgt cudn day (mang 2 cira) -| Bién ap cam &ng |- | Lwe dién tir

- Hai cudn day (mang 2 ctra vao 1 clra ra) - | Bién ap cam &ng |- | Lure dién tte
- Nhiéu cudn day kich thich (mang da ctra)-+| Dién ap cam Gng |-| Luc dién t
2. Chuyén déng quay

- Mét cudn day (mang 2 ctra) -| Dién ap cam &ng |- | Moment dién tir
- Hai cudn day (mang 2 ctra vao 1 ctra ra) | Dién ap cam rng |- | Moment dién tl

- Nhiéu cuén day kich thich (mang da ctra)-+| Dién ap cam (rng | -| Moment dién ttr

‘Phan cudi + Dung dmh luat Newton ~ dé xay dung cac phwcng trinh can bang
: {lwe: lwe 6 ngudn gbe tir dién (Iuc dién ti) e, luc ¢ ngudn gbe tir co (luc co) f,
meoa» hé thdng phwong trinh trén - Tim nghiém ;

(TGBinkoelies 2016-

CuuDuongThanCong.com

d) Tinh EFE va EFM chu ky ABCDA?
i) Tinh EFM tr AB>CHDA:

X, X, X, X
EFM ypcps = fx:(—f”)dx + fx:(—f")dx + fxc"(—f“)dx + fxp"(—f“)dx
Ma tlr A»B, x=3=const nén dx = 0, tr B—>C thi hgc = 4.
va tir C—-D, x=6=const nén dx = 0, tr DA thi Aps = 2.

EFM ypcps = fxc (}LBC) dx + IXA (}LDA> dx
3

6 3

_J‘(42>d +J-(22>d _ 1 6+4

= x 12) T T2 3T 12Ye
3 6

=8—4+1-2 = 3]Joule > 0: My phat dién

ii) Tinh EFM tir A>B—>C—HD—oA:
EFE ;5cp4 = AWmMAA — EFM ypcp, = 0 — 3 = =3 Joule <0

BPVLong
2016)

95
as

Chuong 4: Phan tich hé thing G co ding ki rén ning kromg

Chuwong 4:
GIAI TICH HE THONG BIEN-CO
DUNG PHUONG PHAP NANG LUONG
Gioi thiéu
Hé théng chuyén dong thang. }
Hé thong chuyén dong quay

wnN e

. Phan tich lwc dung khai niém nang lvong ]
. Phan tich lyc duing khai niém dong nang luong
. Khai niém nang lugng va dong nang lugng trong

hé théng da cong

[SEGEN

- W, W, = f*°(hoac T%)

]

. Bdo toan nang lvong - Bién ddi nang lugng

8. Dong hoc clia hé théng co thong sé tap trung.
9. M6 hinh khéng gian trang thai
10. Phan tich ding phwong phap so.

* TruGc khi mo ta déy du hé théng dién co bang cac phuong trinh lién hé ca dién va co, dudi
dang hé phwong trinh vi phan bac nhat. Ta khao sat dong hoc riéng hé thong co treéc

99

. ding ki één nang luong

* Xét hé thdng co gdm vat néing thé M, 16 xo, va bd gidm chén
Xét hé théng co c6 théng sé tap trung bao gdbm khéi lugng M (déng nang vat thé tw do)
duoc kéo bdi 16 xo 6 d6 cirng K (thé nang) c6 luc ti 1é doan dich chuyén x  f, = Kx

Va b gidm chan (Phan tl tiéu thu nang lwgng) cé luc ti 1é véi van téc dxg

c6 chiéu dwoe md ta nhw hinh vé L dt

=B

B

Theo dinh luat Newton, hé théng co dwoc mé ta béng phwong trinh:
‘MS{:Zf:Zfe+zfm‘ X :lagia tbc

Luc gia tdc theo chiéu duong clia phuong dich chuyen béng téng dai
s6 clia tét ca céc luc tac dong Ién vét thé theo chiéu duong do.

Mi=f —f —f =f°—Kx— B% I-.l\n\'\h

dt

f
K= f . = fe KI\I
e . | Ju
Twong tw v&i chuyén dong quay L Seddd — f 5
pé=3yr1=-37° 1 o

J : Moment quan tinh 101

https://fb.com/tailieudientucntt
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‘Churong 4: Phan ich hé théng dién cor ding kil ién ndng luong

. Gidi thiéu
. Hé théng chuyén dong thang.
. Hé thdng chuyén dong quay

[RENI

. Phan tich Iwc diing khai niém nang lwong

. Phan tich Iyc dung khai niém dong nang lwong

. Khai niém nang luong va déng nang luong trong
hé théng da cdng

RGNS

7. Bao toan nang lvong - Bién ddi nang luong

8. Dong hoc clia hé thdng co théng s6 tap trung.
9. M6 hinh khéng gian trang thai
10. Phan tich diing phuong phép s6.

BUTED.CSKTD VLo 10
(TCin eded 2016 6

Chuang 4: Phan tich hé théng dén co ding ki rén nng knong

M6 hinh khéng gian

i » @& =

Lyc (moment) cé ngudn gdc tir dién:

Tuong tac tao ra chuyén dong
Theo dinh luat Newton
- lyc gia téc

- moment gia tbc

WX S EETEE
0 0

-v=0 )
- v =hang s6

~w=0 )
- w =hang s6

—) Chuyén dong co
Xay dyng hé phwong trinh vi tich phan
- Hé phuong trinh vi phan bac nhat » Dang mé hinh toan hoc
- M6 hinh khéng gian trang thai 2?7
- Phan tich va tim diém lam viéc can bang (giai hé phuong trinh tim nghiém) 2772

108

‘Churong 4: Phan ich hg théng dién cor ding kha ién nding luong

Vi du - Phan tich luc dang khai niém déng néng luong

Mach tir nhw hinh vé c6 tiét dién déu 1a A, chidu dai cla duong stic tir trong 16i thép la
I., khe hé khong khi x, do tir tham cia 16i thép co gia tri 14 p. Cho dong dién i chay qua
cuén day N vong. Tinh lyc fe

| + Tinh fe ding mach tw twong duong (MTTD). |
R - I, R 2x

/JA' o
NP NI

2x
_Ii:i voi —_—
e 2x
uB T ok

Tl tré mach tir:

“R+R
R. 9 La tir tré (oan mach tor
%
Tir thdng moc von A= N(I):7
o e R()
Ddng nang lwong tir Cri, " %?
treding clia mach tor: W, _:_Jgf'f'_’ i() di= R (x)
ST oW, NAd( 1 N
W Lyc f¢= = = N
R X 2 dx w ﬂcA(,'fA +%) /' mach tir twong duong

1

smoesK BRI =" !

(TCBiPh edited 2016)

CuuDuongThanCong.com
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Chrong 4: Phan ch b théng i o cing ki i g ong
M6 hinh gian trang thai
] =» » [, A x)di
0
Lyc (moment) cé ngudn géce tir dién:
. Twong tac tao ra chuyén déng

Theo dinh Iyél Newton
= luc gia toc

- moment gia tbc

Phdn ehdn ding

Xay dyng hé phwong trinh vi tich phan
- Hé phwong trinh vi phan bac nhéat -+ Dang m6 hinh toén hoc
= M6 hinh khéng gian trang thai
- Phan tich va tim diém lam viéc can béing (giai hé phwong trinh tim nghiém)

—) Chuyén déng co

107

Churong 4: Phan tich hé thing G co ding ki rén ning kromg

M6 hinh khong gian trang thai

M6 hinh khong gian trang thai ctia hé théng dién co:
La hé phwong trinh dong hoc mé ta day di méi lién
hé veé dién va vé co, dwoc viét duéi dang hé
phwong trinh vi phan bac nhét

* Khao sat hé thdng dién co nhu hinh vé.
* Thiét lap hé phwong trinh khéng gian trang thai
clia hé thong.

(Chon t=0 khi déng dién véo cudn day véo nguén v, )

(Chiéu duong cua lyc dign tr

- T két qua da tinh & slide trwdc co luc dién ti: o A
fe theo chiéu duong cta x)

25 2 252 2:2
NZi NZi W, J- A(ix)di= N e NZi
RB+R (X) 2x | 2x I
2l 4+ — A = L 2%
;tA oA HA - pA A A
» »
109
Chuong 4: P h h théng ién co cing ki rién g ong
Mb hinh

Chon chiéu duong clia x
va cac lyc nhw hinh vé

Vi tri phén déng tai Vi tri phén déng khi 16

- Phuong triphdién : thoi diém t= 0 X0 & trang thai tw do
odAT o aadi aAdx N di N 2 dx
=iR+—=iR+——+ =iR+ - 7
i dt ox dt [L+A] dt (1, o V mAdt
HA 1A yA+yoA

Nhan xét: x da xuét hién & phwong trinh dién — Da lién quan dén trang thai co hoc
- Phuong trinh co : (D4 chon tai thoi diém ban déu t= 0 thi x= ) Theo dinh luat Newton
dx N?Zi®

2
dx+K(x—I)+B fo=—

M e dt - PN
#OA( ., 2x )
HA A 11

https://fb.com/tailieudientucntt
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Churong 4: Phan tich h théng dién co ding ki rién nng kong

M6 hinh khong gian trang thai
‘ * Lap mé hinh khéng gian trang thai gém 3 phwong trinh vi phan bac nhét ‘
« Xac dinh 3 bién trang thai: i, x va dx/dt (la van téc, ky higu v) (ngudn dién la v,)

« L&y vi phan cac bién i, x, v va biéu dién c&c vi phan nay chitheo i, x, v va
nhirng di liéu dau vao clia hé théng (ngudn dién ap v,).

dx L(x)=N72
Y R(x)
Tur phurong dv_d’x 1| -N%? R(X) = e +ﬁ
trinh co — == 7Z—K(X—|)—BV v6i uA A
dt dt® M| gAR?(x) .
v: van toc
Ta ph i A i N "
tr;i"lfdl;;ni o =L bl +#iv +V, v,(t): ham kich thich
: dt L(x) R2(x) 1A nguén dién
(forcing function)
ordi o, 2 " 2
v=iRe 3L _ipy QAL 0RO o, NT di NG 2 dx
dt ai dt ox dt (Lmr 2x \dt (1 L2 HoA dt
R HA A«,AM HAT A
Mddti‘#K(X*I)‘FB%:fe:— N 5
ﬂoA[ I 42X )
AT A 112

Churong 4: Phén tich hé théng dén co ding ki rién ning keong

M6 hin ong gian trang thai

= Ky hiéu lai céc bién trang thai nhu toan hoc, hé phurong trinh c6 thé viét dudi dang toan hoc:

%:v T x=x N ¥ = (%, %, %)
dt

2:2 5
WL NE ¢ (x-1)-Bv %, = 1,04, %, %)
dt M| u4,AR(x)

X, = fa(xvxzrxaxu)

Pidu kién ban dau:
%(0), %(0), X,(0)

di_ 1| o N2
dt L(x) R2(x) oA °
Diéu kién ban dau: x(0), v(0), i(0)

= Hodc viét dudi dang matran:  (Dang nay rat thuan tién dé mé phéng trén may tinh)
% (0)
- V6i diéu kién ban dau:  x(0) =| X, (0)
%(0)
X, f, (Néu u= u(t) sau khi lay
_ . - x=|x f=|f tich phén ta dugc dép tng
Trongdo. U=u X 2 - g trong mién thoi gian)
X fy
Chuong 4:Phan tch h théng ien o g K rén g iong
Véi hé théng nh g phwong phap db thi
V& ham gf”]:—K(x—l) theo bién x:
(dwong 1 v\
)
+ V& ham [_fe(iax)}iz S lKeen)

P A( I, 2x J

oM A SN e,

theo bién x: (dudng 2) HA A /\/(\/ [-fa0]
N

* Giao diém 2 dwéng (néu cd) 1a nghiém AT C

phwong trinh.

+ Chi c6 diém A 1a diém lam viéc can bang

5n dinh bén.Tai B ndu co giao dong nha thi O | X5 X7 xe 'ox

he théngm Ahoc vé vi tri x= 0 ot

* Néu 10 xbt oy dueng Srohieogbmdm (L)
viéc can béng C ; —K(x—liiz"( NZ(i°) e : Y

+ Néu 16 xo qua mém (K'nhd) durong 4 hong 26 qiem lam

Viéc can bang. (thyc t hé théng & tr ifig tﬁm*'qqpt 'diong x= 0)
\0 Véi hé théng 16n thudng dung phudng phap s6. \

CuuDuongThanCong.com

14-Mar-18

Chuong 4: Phan tich hé thing dién co ding K rién nang krorg

M6 hin 0ng gian trang thai
‘ * Lap mé hinh khéng gian trang thai gém 3 phwong trinh vi phan bac nhét ‘

« X&c dinh 3 bién trang thai: i, x va dx/dt (1a van téc, ky hiéu v) (ngudn dién Ia v,)
« Ly vi phan cac biéni, x, vva biéu dién c&c vi phan nay chitheo i, x, v va
nhiing di liéu dau vao ctia hé thong (nguon dién ap v).

2
o L0 =g
s =v R(x)

N | 2x
Tephuong| | gy g2 1| —N%? R(X)=—t-+——
trinh co' - —=—=—|————-K(x-1)-Bv & A A

dt dZ M ,uOARZ(x) ( ) VoI \ :; Hy
v:van toc
Tur phi B ) 2;
winky dliféanni LIS yi" s vy(t): ham kich thich
dt LK) R*(X) oA o nguén dién

(forcing function)

‘ Véy ta da lap duoc hé phuong trinh vi phan bac nhét, ie Iap duoc moé hinh khong gian trang thai ‘

‘ Vi diéu kign ban déu: i(0)=0, v(0)=0, x(0)=¢ (P& chon t= 0 tai thoi diém dong dién) ‘
13

78 théng dién co ding Kl ién ndng kuog

M6 hin ong gian trang thai

\ * Diém lam viéc can béng ciia hé théng
- Xét hé phwong trinh vi phan trang thai, khi U =u =const va véan téc v=x=0
%(0)
x=f (g,g) =0 u=u=const (=V,)  x(0)=|x(0)
%(0)
Giai phwong trinh trén tim dwoc nghiém goi 1a: nghiém can
bang tinh hay diém lam viéc can bang clia hé théng.
Phuong trinh ¢6 thé cé nhigéu hon mét nghiém

= Khao sat lai hé théng dién co trén, ta da cé hé phuwong trinh vi phan:
) : —fe (it x
o =v=0 , ( )
dt SV U S
dv 1 -N7%? L A[f+ J
—=—|———-K(x-1)-Bv|=0 =» o A A
dt M| AR (x) (x=1) SN

di 1 . NZi
——| IR+ 57—
R?(X) 1A

Mach t&r nhw hinh v&, phan tinh c6 day quan dwoc gén

cb dinh, phan dong cé thé di chuyén theo phuwong Ta

dirng. B qua tir thong ro tn nhung xét dén tir trér clia i

16i st tir v&i do tir thdm tuong dbi

Khi cé dong dién 2A chay qua cudn day

a) Tinh tir théng méc vong

b) Tinh déng nang lweng cta hé va luc dién tiv sinh ra.

c) Gia st c6 dong dién DC bang 10A duoc dua vao 'J w *a'

cudn day, khi nao lyc dién tir sé& dat gia tri Ion nhat (xét

v& d6 16n), va gia tri d6 Ia bao nhiéu? a=20mm , d =30mm
h =80mm , w = 40mm

g=2mm, p,=2500

N = 1000 vong

17
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aTuotdclia2khehs: g —_29
. * pad
_ Hoppad

I, : chiéu dai trung binh dwong strc tir trong 16i sat

I.=2[(w+a)+(h+a)]

T tré clia I6i sét: R, =

Tethong: =N _ Ni _ Nij_to2d .
Ry+R, 1 [ Ij 29+1,/u, g we
29+ R¢
Hoad =
Tir théng méc vong: A:N@:Nziﬂ Ry
29+1/,

a=0,02m,d =0,03m,h =0,08m,w=0,04m, g =0,002m,
N =1000vong,i=2A, 4, = 2500

4 =1000°2 47.107(0,02)(0,03) Whe
2(0,002)+2[(0,04+0,02)+(0,08+0.02) /2500

18

Bai Tap
V6i mach tir trong hinh vé sau, phén trén co day quén dwoc gan cb dinh, phan dudi
6 thé di chuyén theo phuong thang ding (/én va xudng). B qua tir tan. Mach tir co
chiéu day d nhu duoc thé hién trong hinh vé.
Choa=1cm,d=1,5cm,, =200, N = 500 vong, dong dién DC c&p vao cudn day la
1A. Chidu dai dwdng st tir trung binh trong phan 18i thép clia mét nira mach tir déi
xung la £, = 12 cm (= 2(4, + £, + ©)).

d Tryc dbi xtrng +c I

b 22 b
a

N
M a

a) Lap cong thic tinh tir théng moc vong bing mach tr twong duong.
b) Lap cong thirc tinh ddng nang lwgng clia hé va lyc dién t sinh ra.
c) Khi nao Iyc dién tir s& dat gid tri Ion nhat (xét vé do I6n), tim luc dién tir Ion nhat
d) Tinh khoang céch gitra hai phan mach tir (x) dé lyc dién tir sinh ra can bang voi
trong lyc dwgc tao ra bdi trong lvong cla phan dudi, biét phan dwéi cé khéi lwgng
M= 0,5 kg, gia téc trong trwdong g = 9,81 m/s2.

T D-PVLon; 120

Chuong 4: Phan tch h théng ien o g ki rén nang iong
Bai Tap
c) Luc dién tir dat cwe dai khi x = 0, v&i d6 I6n bang
NZi° 41, (ad)
24,
Luu y: Trong thuc té khong thé dat duoc diéu kién x = 0, vi khi hai phdn mach ter cham
nhau, bé mét cla hai phan sé chi tiép xuc voi nhau & vai ché (do sy gb ghé cta mang

tinh thé trong vét ligu ttr), va van c6 nhiéu khodng tréng & gidra hai bé mat. Do do, luc
dign tir cuc dai thuc té sé nhé hon gid tri da tinh toan & trén kha nhiéu.

fe= =2618N

d) Khoang cach gitra hai phan mach tir (x) dé do 16n clia lyc dién tir can bang véi
trong Iyc tao ra do trong luwong cda phan dudi

f¢=Mg
N°i° 1, (ad)

2
2{ ? }
24,

~(0,5)(9,81) —x=1892mm

CuuDuongThanCong.com

14-Mar-18

b. Déng nang luong: W, =J;ﬂ.di = Nzizz(zéliia:j/) S>W, =
o/ My

Véi: |a=0,02m,d =0,03m,h =0,08m,w =0,04m, g =0,002m,
N =1000vong,i=2A, 4, = 2500
! 22 2:2
Ly dién tir: oMy _ Npad 2 Nfituad

2 (20+l/u) (20+1/m)

— ff==

Lyc dién tir ludn mang gia trj am, do d6 ludn tac dung theo chiéu nguoc voi
chidu ctia bién co hoc g, ttrc 1a kéo phan di dong vé phia phan ding yén.

. D6 16N clia lyc s& dat gia tri I6n nhét khi g = 0. Khi d6, gia tri Ion nhat cda lyc sé la:

2)2
‘ fel = %“?d (dong dién DC dwa vao cudn day i = I=10A).
max I /u
. ol 2=No = NGt
a‘f o T N 29+l /u,

Bai Tap
X
a) T trd khe hd gita R,=———— Truc déi xin
) g R ad) : d
X
Téng tir tré khe hé R, =2R, =———
o 4o(ad)
Téng tir trdy 16 thép  Reoee = ——-—
9 P tae140(22d)
Téng tir tré clia mach tr R(x) = R, + Ry
Tetheng @ =N
R(x)
Turthong mocvong 4 =Nd =L |> -
bang mach twong dwong R(X) b3 core
P N2j? @
b) Bong néng lvgng W, =
ZR( ) Ni
N’i%u,(ad)

Luwc dién tiy fe=

2
2{ IE :|
24, 121

tir va tw cdm cudn day p-hu thudc vao
quay 8, gia st quan hé nay dwoc thé hién nhu
sau : L(6) = L; + L,cos(26). B6 qua tir trd 16i thép.

2vitrie =00 va 6 =90°
Cho dong dién i qua cuén day.
1. Xacdinhly va L,
2. Xac dinh moment tac dong Ién rotor.

Xét 2 vj tri dac biét 8 =00 va 6 =90°

6=0"->L(0)= |.L+|.2
6=90°—>1(90°)=1,
_ 129 g
Hy Agu Ni
_12g ® !
- o %1 6=0°

https://fb.com/tailieudientucntt
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{ 6=0">L(0)=L+L,
6=90">L(90°)=1L, -
1 29,

6=0"> Ry, =

Churong 4: Phén tich hé théng dién co ding i rién ning knong

Bai tap

Mét may dién c6 mét cat duoc biéu dién nhw
hinh v&. Gia st tat ca cac dién cdm mang mét
trong cac gia tri 0, hang s6, hay L, + L,cos®
(tby theo vi tri twong ddi cta réto so voi stato),
v&i ® 1a mét ham nao dé cua 0. Hay xac dinh va
biéu dién cac két qua dwéi dang ham sé clia 0:

(May dién nay duoc goi la mot may dién tir tré, thuc chét la mot
may dién dong bd khong co day quén kich tir)

(a) Ma tran dién cam dé lién két cac ti thdng moc vong [}“ﬂ] v&i cac dong dién stato {I*‘}
ID
b

(b) Déng nang lwong W,

(c)Mémen digntir T¢(i,,i,,0)

BMTBD-CSKTD-
(TCBinh edited 20:

Réto quay nira vong thi chu ky thay déi cia cac dién cam
hoan tét, do d6 céc dién cam la cac ham sé theo bién 26
L, =L, +L, cos(26) 5 .

L, =L, — L cos(20) ? I ]y avéna
H& cam L, s& bang 0 khi truc tir roto théng hang véi truc clia mot pha day quén

stato nao d6, va dat gia trj Ion nhét (xét vé do lon) khi truc réto nam gitra céc truc
clia cac pha day quén. Khi 6 = 45° hodc @ = 225° hd cam mang dau dwong.

N N -0,
Dodé L, =L,sin(20)=Msin(20pjgn cém;{ - héng s6

\Jruc tir rotor

dién cam :
Lo.*' L,cos® — ® =260 Ty cam:

Truc rotor

-Lo+ L,cos®

L,, dat gi tri I6n nhét
Ly, dat gid tri nh nhét.

BMTBD.CSKTD- 129
(TCBiPh edlted 2

CuuDuongThanCong.com

N? 2 HoPo

L(0)=L1+L2:RT“:N ETe

N? HoPy,

L(go"):LrLz:R—m:NZz—:!
LY
409 o
,M[m,&]
4 go gl

2. Nang Iyong tir trudng (= ddng nang lyong):

Moment :

o= Mo _ | i2gin(20)

Chucng 4 ban i be tnog dién co g ki nién i o

Bai tap

a) O dang téng quat:

BFi 5[ o e

Khi truc réto thang hang véi truc day quén a, L,, dat gia tri
16N nhét, con Ly, dat gia tri nhd nhat.

Khi truc réto théng hang véi truc pha b (quay di 90 so vo&i vi
tri vira roi) thi L,, dat gia tri nhd nhat, trong khi L,,, dat gia
tri I&n nhat.

Truc rotor

-0,
Dién ca'm:{ - hédng sé

- Lo+ Lcos@

L,, dat gia tri nh6 nhét
Ly, dat gié trj Ion nhét

L,, dat gia tri lon nhat
Ly, dat gia tri nhd nhat.

Puong stc tir day quén a

8 128
(TCBinh edited

Vay ma tran dién cam la

{L‘ﬁ- L,cos(26)  Msin(20) }
Msin(20)  L,—L,cos(20)

b) Béng néng luong
W, :Ij‘a(‘évoﬂ")di; +T%(ia,i;,9)di;
0 0
Hode W, =%Lﬂi§ L +%Lb.,i.f
=%(Lo +1,c05(20))iZ + Msin(20)i, +%(L,, - L, cos(20))i
c) Mémen dién ti sinh ra
= a‘;/\;m' =-L,5in(20)iZ +2M cos(20)i,j, + L,sin(20) i

BITED-CSKTD-PVLong 150
(TCBinh edited 2016)
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Chusong 4: Phan tich hé ihdng dién co ding 4l rién ning ong Ghuong 4-Phan tich hé thdna dién co ding K rién g wora

Bai tap Bai tap
Mét mach t&r nhu hinh vé c6 chiéu dai trung binh duong strc tir trong p_hén ;ét [0 Dung mach twong dwong:
|cdetan = 100mr31 vakhe h}’v lfhérlg khi 1, =‘2m£n, [na'ch tAff S:é ti?t dién (dt‘)ng déu) la Tt tré khe hé khong khi: ¢ Redefab
1,5.10* m?, bé qua sty ro tan clia mach tir, sat tl cé do tlr tham twong doi p, = 1424, - = —
cuon day 200 veng. Ro=the 1 2107 610309 [1m)
Xac dinh dong dién can thiét qua cudn day dé tao tir thong & khe hé khang khi la © 4 Ay 471071510
0,75.10 Wh. _ L @ Roc
Xac dinh lyc tac dong 1én phan dong (luc dat tai diém b) Tl tré phan sat tir: cdefab be
1 ogean 1 01
Redetan = = =372.553 [1/H
T g, A 47107.14241,5.10° (]
Phan dong ¢ Reean TR
¢ > — Stre tlr dong can thiét
H.l,

g
.
~-— Khe hd khdng khi

ik Ni = R
@ Hnlng 1 ¢(Rmelab+ bc)

=0,75.10"(1 =823,716 Avong
0, 07(10982882) = 823,716

Dong dién can thiét
c: core (16i sét)

g: gap (khe hé kk) i:ﬁi:4 12A
131 132
Bai tap Bai tap
. . Cho mach tr dang solenoid véi mét cat nhw
=L5L=M Ni hinh vé vé&i N=500 vong ; x=5 mm ; a= 20mm VA
(R +Ree) (11, ) e ; b& dy vong dém b= 2mm ; I= 40mm. Gid i
ITE thiét .= «, bd qua tr théng ro tan.
0 1. Néu cho dong dién mét chidu (DC) I=10A p=a
chay qua cuon day. Viét biéu thirc va tinh
: ® I, ® X N Iwc tac dong lén phan dong IX] @
= = = N
Hohy N AN AN? 2. Néu cho dong dién xoay chiéu (AC):
le 1=10A(rms) ; 50Hz chay qua cudn day. Viét I I I |
) s ) biéu thtrc va tinh Iyc tac dong 1én phan dong
2. A X N*D X XD c=a-b/2
W, (4) = [[i(4.x)dA= 2 NS 2 NTT2 >
HoPy HoPy oPy ‘ b | C-- bankinh ity
2 | @ - ban kinh trung binh
2 0,75.10" véng dém
poodW, @t (075107 - ) __—14,92N !
dx  2uA,  2(47107)(15.10%) :
BTED-CSKTD PYLon 133 142
Chrong 4:Phn teh i g 60 corcing K it Ghong 4:Prn teh i g 6 o ding i i g omg
Bai tap Bai tap

1. Biéu thirc lwc ?. (Véi dong D

2. Bidu thirc luc 2. (V6i dong AC: i= |,ne= 10A= const) |

- T tré toan machtr: R :RngrRg = X >+ b
 pemc® py2ral
e 1.,dL(x) k,
A Ng¢ 4 N? fe(x)=2iP—>=  V6i: L=t
- Ty cam: L(x)=f=f=N2W=F 2 dx KX+ Ky
[ i

2
Lo N? _2muale®NT K 0= kk, _(10v2cos100zt) kk,
R 2alx+bc®  k,x+k, (N 2(kx k) 2(kxrky)
k =2mualcN? ; k, =2al ; kg =bc? A i _ 100Kk, <2100t
- 2
' 2 (kpx+k,)
- Luc: fe(x)=aW7"‘(X)=dL(x)=l|2dL(x)= ! k1k2

ox dx 2 A 2(kx+k )

. . - BGi vi cos? co gia tri trung binh la 1/2, nén lwc trung binh
(Dau trir ie luc 6 xu hudng lam gidm khe hé khéng khi x) khi dong AC béng truong hop dong DC
- Thay I=10Avacackhacgiatrivao: -+ f°=F°=600N F: =600N

ag
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Churong 4: Phan tich hs tnéng dién co ding K rién ning kiong

3. Biéu thirc dong dién va luc

1ndng din co ding ki rin ning kiong

- Phuong trinh can béng dién ap:

- Mach tir tuyén tinh & trang thai xac [ap i xac 14p nén bidu thirc lyc nhu cau 2: | lyi v
=i — i ( K - kik, i2 ‘ ‘
ood(Li . ZN? Kx+k 7
v:R|+—( ) voir L= 2ale N NZ - K _const L
i 2alx, +bc®  kx,+k, | | T — | | e .
—>Vmsinmt=Ri+L—t

- Thay gié tr c4c théng sb vao tinh dugci: /07 X4 AN b7 ()

- Dong dién qua cudn day xac dinh b&i:

Lok 2mealetN®
k,x+k,  2alx,+bc®
c=a-bl2

=3
Vm

| surien _ a
—sin(et-0) (*); voi 6= arctan & 2 - Z =R +(1007L)" =
JR?+(wlL) R gt

. el c=abi2
....... Q T b
L

f=arctan % =
- Mach tt tuyén tinh & trang thai xac 1ap —i xac lap nén biéu thirc lyc nhw cau 2:

G- ban kinh i1 tr

2 ban kinh trung binh
vong gém

1202 G
peledl) tpd( k) E
20 dx oy, 20 dx{ KXtk X=X Lotuabmn Fo = kk, ’|2) _ Kk, (1|2 ): N
U o , L o - Lyc trung binh: avg 2(kzxn+k3)2\ avg 2(kx0+k)2k2 max | S eeeenes
- Thay gia tri cac thong so vao tinh duoc i: V6i i xac dinh boi (*) ; 3
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