Pién tl cong suat 1

CHUGNG MG PAU:
CAC HE THUC VA KHAINIEM CO BAN

TRI TRUNG BINH CUA MOT PAI LUONG:
Goi i (t) 1a ham bi€n thién tudn hoan theo thdi gian v6i chu ky T,. Tri trung binh clia dai lugng

i, vi€t tit 12 Iny dudc xdc dinh theo hé thic:
to+Tp

Ly = [ict)at
Tp
to
Véi ty 1a thdi di€m ddu cda chu ky dugc 13y tich phan.

Ta thudng hay gip cidc dai lugng tri trung binh dugc biu dién vdi chi s I (Direct ...
mot chi€u) hodc I,y (Average .... tri trung binh), vi du dién 4p trung binh Uy, dong dién trung
binh I4v.

Vi du 0-1
Xét qud trinh dong dién trén hinh vé HO.1 , tri trung binh dong dién cho bdi hé thiic:
i
|

104
0 0.3 0.5 0.2 ? [m=]
HO A
1 %f 1 %
= o Jitat == [100t = 6[A
= ! (t) 5! [A]

Trong nhiéu trudng hop, thuc hién tich phdn theo him bién thdi gian phic tap hon thuc hién
tich phan theo bi€n géc X vé6i X cho bdi hé thic:

X=wm.t véi 12 tin s§ géc ndo d6 xdc dinh.
Khi 4y, tri trung binh dai lugng theo géc X tinh theo hé thic:

t0+Tp 1 X0+Xp
== j/(t)dt—— ji(X).dX
p X0

Véi Xo==m.t); X,=0.Tp; X=0.t; dX==d(®.t)

Vidu0-2:
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Pién tl cong suat 1

Tinh tri trung binh dién 4p chinh Iuu cta bd chinh Iuu ciu 1 pha khong diéu khién. Him dién
dp chinh Iuu c6 dang u=U,| sin(@.t) | ; véi U,=220+/2 [V]; @=314[rad/s].

Gidi:

10
0.2469

0.20+
0.25+
0.20+
0.15+
0.10+
0.05+

0.00-

Dé dang thdy rang, chu ky ctia dang dp trén 1a T,=0.01[s]. Bat X=314.t;

ud

X,=314.0 ,01=r[rad].

Ta co:

, X0+Xp
Uy = —
a7 x

u(X).dX = 1j 22032.sin X.dX =198[V]
T
0

X0

Cdc truong hop thuong gap:

TéiR:
Quan hé giita dién dp va dong dién tdc thoi qua dién trd R cho bdi:
uR=R.iR
LAYy tri trung binh hai v€ ta c6:
Urav=R.Irav
TaiL:
Taco: u, = ﬂ
at

G ch€ do xdc 1ap iL(ty)=i (ty+T,), tri trung binh dién 4p trén L dugc xdc dinh bing

cdch 18y tich phan hai v€ clia hé thic trén trong thdi hian (t.ty+T,). K€t qué thu dudc:
ULAVZO
T4i RL:

Tuong ty, ta c6:

Uy = Ri, + L.

di,
dt

Tri trung binh 4p:
Uiasv=R.Liay+Uray=R.I;ny
Tu do: IZAV: U,Av/R

0-2



Pién tl cong suat 1

Tri trung binh dong khdng phu thudc vao gid tri L ma chi phy thudc vao R va dién dp
u;.
Té&i RLE:

Uy :R.it+L.%+E

V6i E 1a stic dién dong khong d6i: E=const.
Ké,t quﬁ: Upv=R.I +E hay IZAV=(U,A\/-E)/R

CONG SUAT TRUNG BINH

Cong sult tifc thdi clia mot tai tiéu thu duge xdc dinh bing tich dién 4p va dong dién tic thoi
din qua tdi d6, tdc la:

p(t) = u(t)i(t)

Cong suat trung binh duge xdc dinh bing cdch 4p dung cdch tinh trung binh vao dai luong
cong sudt tifc thdi p(t), tic 1a:

1 Tp 1 Tp
P, =— t).dt =— t).i(t).dt
v =T ;[P() T, _{[U()’()

hoic theo bi€n gbc X=wt:

Xp Xp
Py = — j p(X)dX = j u(X)i(X)dX ; Xp = oTp
Xp ) Xp 4

Trudng hop dong qua tdi khong ddi theo thdi gian i=const=Iy, , cdng suit trung binh
qua tai bing tich clia dién 4p trung binh va dong dién:

Pay=UpvI=Uasv.Iav

Trudng hop dién dp dit trén tii khong d6i theo thdi gian u=const=U,y, cong suit
trung binh clia tdi biing tich dién 4p va dong dién trung binh:

Pay=U.Ipv=Uasv.Iav
Cac truong hgp dic biét:

Tai R:
17 1
Pay =7 [un(t)in(t)ct - [Rig(t)at
Py P
1 Te
PAV :RT_Ils(t)dt :R-I.‘grms
P o

Tu dién va cudn khdng 1a cdc phan tif c6 khd ning dy trif va khdng tiéu hao cong sui't. D&
dang din gidi hé thitc cho céc tai L va C nhu sau.

TaiL: Psy=0

T4i C: Pyy=0

Vidu 0.3
Gi4 st, ta ¢6 ngudn dp cho nhu trong trudng hdp vi du 0-2, tdi RLE ndi ti€p. Gia st tai c6
R=1Q, L v6 ciing 16n va E=50V. Tinh tri trung binh dong qua tai va cong suat qua tai?

Giai:

Uiav=198 V (xem vidu 0.2)
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Dong qua téi trung binh:

Lav=(198-50)/1=148A

Cong sut trung binh qua tdi: do L 16n v6 cling nén dong qua tii khdng ddi trong sudt
chu ky. Tt d6: i=liav=148A. Ta dp dung dugc trong trudng hdp nay cong thic:

Pt=Uav.Iiav=198.148= 29304W=29,3kW

TRI HIEU DUNG CUA MOT PAI LUGNG
Gia thi€t dai lugng i bi€n thién theo thdi gian theo mdt ham tudn hoan véi chu ky T, hodc véi
chu ky theo géc X,=o .Tp. Tri hiéu dung cia dai lugng i dugc tinh theo cong thic:

t0+Tp X0+Xp
lams = | — j dt = . j i2.dX

X0
Chi s6 RMS ...Root Mean Square... c6 nghia Ia tri hiéu dung.

Vi du 0-4

Cho mot dién 4p dang u =U,,.sin(314.t) = 2204/2. sin(314.t)[V] .
a.Tinh tri hiéu dung cua dién dp trén ?

Cho ham u; va u, v§i tinh chat sau:

u_u;uzo' u_u;uzo
Tlo s ou<o’ 2 -u ;ou<o

b.Xdc dinh tri trung binh va hiéu dung cda cdc dién dp u; va u, néu trén.

Hudng din:
a.
Chu ky ctia dién dp u 1a 27 [rad]. Tri hiéu dung dién dp cho bdi hé thic:

1 t0+Tp 2n
Unus = |7 jué’.anr=\/27t j(u sin X)? .dX

P to 0
LAy tich phan ta thu dugc k&t qua:
Un

Upus = ﬁ =220[V]
b.U;ay :éij.sinx.dx :UT’": 220y2 - 99V
0
U2AV =%J.Um.sinx.dx =UTm 2\/_ =198V
T sk v |1 F(1=0052X ey |11, sin2x |
[t - o2
0 0 .
U1rms_U 1£_220_15556V

n2 2

7n 2 t(1-cos2x 2(1 sin2x\”
UZrms‘J;}[U .sin x) dX_U.\/;-([[T}dX_U'\/;[EX_ y ]

0
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Uppre = U.,/%% _ U= 220V

Vidu 0-5

Cho ham tuin hoan bi€u di&n dién 4p tdi u trong mot chu ky T nhu sau:

u:{Um ; 0<t<yT
0 ; yT<t<T’

V& dang séng dién dp u va xdc dinh tri hi€u dung dién ép tai.

Hudng din:

O0<y<t

Urms =

T yT T
Huz(t).dtz % jui,..dujo?.dt =Up Ay
0 0 yT

HE SO CONG SUAT:

Hé s6 cong sudt A hodc PF (Power Factor) ddi v6i mot tai dugc dinh nghia bing ti s§ giita
cong suit tiéu thy P va cong suit bi€u ki€n S ma ngudn cip cho tai do.

r=pF-F
S
Trong trudng hgp dic biét clia ngudn dp dang sin va tai tuyé&n tinh chita cdc phan ti nhu R,L,C
khong d6i va sic dién dong dang sin, dong dién qua tai s& c6 dang sin cling tan s& ciia ngudn
4p v6i goéc 1éch pha c6 do 16n bing ¢. Ta c6 hé thic tinh hé s6 cong suit nhu sau:
P=m.U.I.cos.
S=m.U.I

P
A=—=1c0s
S Q

Trong d6: U,I 1a céc tri hiéu dung ctia dién dp va dong dién qua tdi; m 12 tdng s& pha.

Cidc bo bi€n d6i cong sudt 13 nhitng thi€t bi ¢6 tinh phi tuy&n. Gid si ngudn dién 4p
cung cip c6 dang sin va dong dién qua n6 c6 dang tudn hoan khong sin. Dwa vao phan tich
Fourier 4p dung cho dong dién i, ta c6 thé tich dong dién thanh cdc thanh phin séng hai cd
bdn I, cing tan s& v6i ngudn dp va cdc séng hai bac cao 1), L) ,....DE dang thdy ring, séng
dién 4p ngudn va séng hai cd ban clia dong dién tao nén cong suit tieu thu cla tdi:

P=P;=m.U.1).cosq,

@;... g6c 1&ch pha giita dién dp va dong dién séng hai co ban.

C4c séng hai con lai (bic cao) tao nén cdng suit 4o.

Ta cé:
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8% = (mUIY =mP UP (15 +15) +15) +...)

2 2,2 2 22 2 2,2 2 2 211212 ain? 22 2
S =m U I(1)+m U .ZI(]) =m .U ./(1).003 (P7+m U /(7)Sln (P7+m U Z/(j)
j=2 j=2
§? =P?2+Qf +D?
véi
P=m.U.I;,.cosp; ... cong sudt tiéu thu cla tdi
Q,;=m.U.l;.sing; ... cong suit phian khang (cong sudt 4o do s6ng hai cd ban clia dong
dién tao nén)

D= mZ.UZ.z If) ... cong suit bi€n dang (cOng suat 4o do cdc séng hai bac cao
\ j=2

cta dong dién tao nén). Khdi niém bi€n dang (deformative) xudt hién tir y nghia tdc dung gy
ra bi€n dang dién 4p ngudn clia cdc thanh phian dong dién nay vi khi di vao ludi dién ching
tao nén sut 4p tdng khong sin trén trd khang trong clia ngudn, tir d6 séng dién dp thuc t& cAp
cho tdi bi méo dang.

Tir d6, ta riit ra bi€u thitc tinh hé s6 cong sud't theo cic thanh phin cong sudt nhu sau:

r=pPF=L_ P

s Jp7 a7 07

Mudn tang hé so cong sudt, ta cé thé:

- gidm Q, -cong suit 4o clia séng hai cd ban, tic thic hién bt cong sudt phdn khdng.
Céc bién phdp thuc hién nhu bil biing tu dién, bl bing mdy dién dong bd kich tir du hoic diing
thi€t bi hién dai bu bdn din (SVC - Static Var Compensator);

-gidm D -cdng suit 4o clia cdc séng hai bac cao. Tuy theo pham vi hoat dong clia day
tan sO cla séng hai bic cao dugc bil, ta phan biét cic bién phdp sau day:

* loc séng hai: 4p dung cho cdc séng hai bac cao 16n hon séng hai co bdn dén gid
tri khodng kHz. C6 thé sit dung cdac mach loc cdng hudng LC. Vi du ding mach loc LC cdng
huéng véi bac 5,7,11..mic song song v6i ngudn can loc.

* khit nhiéu: 4p dung cho cdc séng bic cao c6 tan sd khodng kHz dén hing Mhz.
Cidc song tan s6 cao nay phat sinh tf cdc mach diéu khién phit séng vdi tin sd cao hoic do

qué trinh déng ngit cdc linh kién cong suit, cdc séng hoat dong trong cdc mach dién c6 kha
ning phit séng dién tir lan truyén vio moi trudng va tao nén tic dung gy nhiéu cho céc thiét
bi xung quanh, thim chi gy nhi€u cho chinh bin thain mach diéu khién cic thi€t bi cong suit.
Cic thi€t bi bi&€n ddi cong sudt thudng phdi trang bi hé thong khir nhiéu nghiém ngit. Mot
trong céc bién phdp st dung 1a ding tu, ding boc kim ddy din hoic dung ludi chong nhiéu
cho thiét bj.

Ngoai ra, c6 thé bi€u dién hé s cong sudt theo hé thifc sau:

/
k:PF:%.cosw,

PHAN TICH FOURIER CHO PAT LUGNG TUAN HOAN KHONG SIN
Pai lugng i tudn hoan, chu ky 7, nhung khong sin c6 thé trién khai thanh tdng cdc dai
lugng dang sin theo hé thitc:
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i=lay + Y Ay.sin(n.X)+B,.cos(n.X)

n=1

1 2n
Vi Ly = - I i.dx
0

2n 2n
A, = 1 J.i,sin(n.X).dX ;B = 1 Ii.cos(n.X).dX
b ° T )

Bién do song hai bic n cla dai lugng i dugc xac dinh theo hé thic:

limm = AS + B}

St dung hé thic bién d6 vira tim dudc, dai lugng i c¢6 thé viét lai dudi dang:

i=lav + D Hnym-sin(n.X - o,)

n=1

v6i ¢, xdc dinh theo ham: ¢, = arctan%
n

Tri trung binh dai lugng i chinh l1a hé thic I4v.
Tri hiéu dung dai lugng i cho bdi hé thic:

o 0 12
lims :,/lﬁv WA =1//iv +y
n=1 n=1

Goi u, i va p 1a dién 4p, dong dién va cong sud't v6i u,i c6 dang tuan hoan khdng sin.
Ta cé:

u=U,y +ZU(n)m.sin(n.X—(pn_U)

n=1

i=lay + Y limym-sin(n.X = o, ;)

n=1

Cong suit trung binh:

P=Upylay +ZU(n)-/(n)-COS((Pn7U -0n )

n=1

* U A
(n)m
P=Uaylay +z%-6‘05(@n_u ~¢n_4)
n=1

N&u ngudn dién 4p cung cip cho tdi RL, quan hé gifta thanh phin séng hai bic n clia
dién 4p U,y va dong di€n I, lién hé theo hé thic:

| _ U(n)m _ U(n)m
(n)m — -
Zim)  JR? +(nol)?
U U
< . (n) (n)
hodc: I, = =

Zin) JR? +(nol)?

Trong trudng hgp dién dp dang sin va dong dién khong sin.

HE SO MEO DANG
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(Distortion Factor-DF)
Pugc dinh nghia bing ti s& tri hiéu dung thanh phan hai co bdn va tri hiéu dung dai
lugng dong dién:
pF -l
/
Quan hé giita hé s6 cdng sudt va hé s6 méo dang vi thé lién hé theo hé thic:
PF=DF.cos ¢,

PO MEO DANG TONG DO SONG HAI
(Total Harmonic Distortion-THD): 13 dai lugng diing d€ ddnh gi4 tac dung clia cdc séng hai
bic cao (2.3,...) xut hién trong ngudn dién, cho bdi hé thitc:

>
' (j)
THD, = V7T

/
(1)
Trong trudng hop dai lugng 1 khdng chita thanh phan dc, ta c6:

12
() 2 2
= NI
THD, = j=2 (1)

lo) I
Trong d6, I; 1a tri hi€u dung séng hai béc j, j>=2 va I 1a tri hiéu dung thanh phan
hai co bdn dong dién.
Quan h¢ giitta DF va THD:

£ / 1
1+(THD)?

Bai tap:
0.1 Dién 4p dit trén tdi dién trd 10Q c6 ham biéu dién u = 170.sin(1007.t)[V] .
Hay xdc dinh:
a. ham cong suit tic thoi cla tai
b. cong suit tic thdi 16n nhat
c. cOng sudt trung binh cia tdi

0.2 Dién 4p va dong dién trén tdi 12 nhitng him tudn hoan theo thdi gian vdi chu
ky T=100ms.
_{5v; 0<t<70ms _l__{o; 0<t<50ms
0V, 70ms<t<100ms’  |4A; 50ms <t <100ms

Xdc dinh: cong sut tifc thdi, cong sudt trung binh va ning lugng tiéu thu cla
tdi trong mdi chu ky.
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0.3 Xdc dinh cong sudt trung binh trén tdi. Cho biét dién 4p tii khong ddi
u=12VDC va dong dién qua tai tudn hoan c6 ham bi€u dién trong mdi chu ky T=100ms

. 0; 0<t<50ms
nhu sau: j =
4A; 50ms <t <100ms

0.4 Dong dién qua phan t& hai cyc c6 dang i = 20.sin(100n.t)[A] 1. Hiy x4c dinh
cong suat tiéu thy trung binh trén phan ti trén néu phin ti hai cuc 1a:
a.diéntrd 5Q b. cudn ddy c6 cam khang 10mH c¢. sdc dién dong E=6V.

0.5 Dong dién i = 2 + 20.sin(100n.t)[A] di qua mach RLE mic néi ti€p. X4c dinh
cong suit tiéu thu trung binh trén mdi phan t¢ R,L va E, cho bi€t R=3Q, L=10mH va
E=12V.

0.6 Mot 10 dién trd cong sudt 1.500W khi st dung ngudn
u = 22042.sin(100mt)[V] . Néu diéu khién cong suit 10 dién theo chu ky 12 phiit v6i trinh
ty dong dién 5 phit va ngit dién 7 phdt. Hay xéc dinh:

a. cong sudt tic thdi cuc dai

b. cong suit tiéu thu trung binh

c. ning luong tiéu thu dudi dang nhiét trong mdi chu ky.

0.7 Xéc dinh dién 4p hiéu dung va dong dién hiéu dung khi bi€t ham biéu dién
clia chiing tudn hoan theo chu ky T=100ms c6 dang:
_{5V; 0<t<70ms ‘I,_{O; 0<t<50ms
0V; 70ms<t<100ms’ 4A; 50ms <t <100ms

0.8 Hiy xac dinh tri hiéu dung dién 4p, dong dién va cong suit tiéu thu trung binh
bdi tdi khi cho bi€t qué trinh dién 4p va dong dién clia n6 c6 dang:
u=25+10.cos(100xt) + 3@.003(2007:.1‘ +n/3)[V],

i =1.5 + 2.cos(100nt) +1.1008(200mt + ©/3) + 1.5 cos(300xt + 1/3)[ A]

0.9 Cho dong dién i = 1.5+ 2.cos(100nt) +1.1cos(200nt + n/3)[ A] di qua tdi gom
R-C mic song song vdi R=100Q va C=50uF . Xdc dinh cong sut tiéu thu trén mdi phan
tir cla tai.

0.10  Cho dién dp u=2.5+10.cos(100nt) + 3v/2.cos(200nt +n/3)[V] dit trén tai
RLE mic ndi ti€p véi R=4Q, L=10mH va E=12V. Xéc dinh cdng suat tiéu thu trén mdi
phin tiF.

0.11 Dién dp va dong dién qua tai bi€u dién bdi ham sau:

u=20+ ZQ. cos(nmt)[V];i=5+ Z% cos(nmt)[A]
n=1 n n=1 1
xdc dinh cong suat trung binh trén tdi (chinh x4dc d&€n n=4).

0.12  Cho ngudn u=20+§ 2.3/n(100nnt)[V] cung cip tdi RLE ndi ti€p vdi
n
n=1

R=20Q, L=250mH va E=36V. Xdic dinh cong suit trung binh trén cdc phin tif tai.
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