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In phase controlled rectifier(PCR),
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The Harmonic Analysis for Inverter related with PCR

Seol-Moog Kang, Bon—Ho Koo, Wu-Hyen Kwen and Soo-Joong Kim

Dept. of Electronics, Kyungpook National University

< Abstract >

harmonics

changed according to the variation of a fi-

ring angle.These harmonics are supplied with the

input of the

output

the

the

decreased by the harmonic of the
output.
effect of these

computer

inverter. And then, inverter

comes about the harmonics combined with

switching frequency of the inverter. Hence

efficiency of the induction motor is

inverter

In this paper,it analyzed about an

harmonics is analyzed by a

simulation. The total harmonic

distortion (THD) in the case of PCR containing

the

the

ripple was considerably larger then THD of

DC source. Therfore, it was proved that the

firing angle variation of PCR had to be limited.
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PCR INV

HO

inverter induction

13 1. Current source

motor drive system;

2% 1.o4+ PCR2] switching ojutyf %42 &
Feo 34 BA%e TAULR W 4D
2t
Hl=2%5An*sin(nwt;+Bn*cos(nwt)) 1

7] 4, An=2/T [Hl%sin(nwt)dwt
Bn=2/T ["H1*cos (nwt ) dwt

Bo=1/T | Hldwt
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PCR3} sluel 8| 2ol %

nzs 4

olch. d¥yex EAYLE heRUCt. &,
Hak=1/a+24 2 (1/n*sin(nv/a)*cos (n(wt-2k1/a)))
(2)
olth. 4| (2)% wanted 4 #3} unwanted Y £ 0%
Lhebd 4 olth. PCR o] %3 8L TR
sigatol g 71222 th &3 AL switching ¥4+ §
2& 4+ A &,

H(d ,t)=2/n :?’ 1/n¥sin(nn/a) (cos(n{wt+d)-cos

(n(wtlw*q))) (3)
oftt. wiztMq POR 8 HWUYE Al
thetd 4 dck. &,

Vr(o ,t)=VISHI(q ,t)+V25H1(a ,t) Au+Vak

HI(o ,t) L% (4)
olch. wmheta NFHY FYV YL ot &H Art.

. ;

Vr( K, t)=6%V4 £5in7/3cosd+64V/; sin}%’ 1/(6n+1)
*cos (6nwt+(Bn+1)o-1/(6n-1)%
cos(6nwt+(6n=1)a)) (5)

ofch.  Al(S)elM WM e AzgEe

B (Vdryeln XYL 2l FwHE P (Ver)elet.
stzts PCR 9] HEA(E 2HY2EIA Vir &
2%3Y 4+ A3, FL switching Zo] ZF71%of
ey A RAEY Uol AT ripple A Eo)

31%E ¢ &+ At

() e Yy

PCR 3 ol eiEe zAYLE cheAUol
tdebd 4 gtk #,
Sk=1/3+2/; Z (1/n%sin(nv/3)cos(n(wt-2kx/n))) (6)
ojck. wmetM switching W3+ i Y«

$(wt)=1/3+2/21/n*sin(n1/3)cos (nwt)-cos(n(wt-

) (7

2 #EVEY VALY HPRE i
H4ex 3% 4 k. F,

i8(wt)=id*S(wt) 8y
ojtt. F& bycate MF:E ZA (2/3)7 ,(4/3)
g sidAl Uk oviME EX 47

27t %ol et ripple® Z7H¥c).

- 780

(c}) $24%218 702 8A
Ly

Rs L¢
—AN T TR
La: L

e ]

1% 2. Bquivaleent circuit for induction
motor.
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13 3. Reduced induction motor.

Rb=(Rr/8) *Lux¥2/ [ (Rr/w)¥%2+(Lm+Lr)¥%2}
Lb=(Lm+Lr)*{Lr¥Lm+ Ls¥Lr+Ls*Lm)+(Rr/wr) ¥¥2
+{Rr/wr)*$2%{Lm+Ls ) /[ (Rr/w) ¥¥2+(Lm+Lr) ¥%2]
ojct. wmhetd Mmoo it Ywiol Y A(zde),
ZadEoA oY guje]PA(Zac) P link
AR e hegA Ao F,
Zde=2 \J(Rb¥¥2+(wlb) #¥2)

Zac=6nwLd+Zdc

Id= 3 \J3*V/(w *Zdc)*cosn +3[FKV/(¥V/( T ¥Zdc)
% * ((1/{6n+1)¥cos(6out+(6n+1)a - B.)

-1/{Bn-1} *cos{Bnwt+(Bn-1)4 +8.3) (9
ofth. A4 (9) oM s #stel sl ARY LY
ripple A& (idd)7} ¥4 & ¢ 4 Atk HAYE
(1d) of 1% rippledj & (idd)& d7t #Hyol ahel
21%e ¢ 4 At YeAD Foo VYR
Aee sayxe? a9 4 o Rt
PR M EIEE LR |

eab=3Bmax*sin(wt+d,) (19)

Vasnw(Lr+Ls) %S (wt) #id(a, t )+Zb¥Tdrasin(wtif+f)
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2% 4. Simplified induction motor model.
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2% 5. Vector diagram.

L 3 ‘L} é}‘ﬂ 4 9rt. &, Vazwanted+unwanted %
R L

+Aq W el e switching &3 9% harmonic 4 ¥ o

unwanted T X §{Fe ripple A ¥

ek, AWz THD £ 4] (11)3} o] ety

& dct.
(harmonic value) 2

THD= \]Z( ) (11)

(fundamental)

3. Simulation Z3 9 2%

ripple of XY POR o 2AXYD TyA AL
We o cAsls Qweof HE& stdc. oy
VuE L G-step 3 PM Y Frhx FHYyew
L
IAstgct. simulation Z 3} PCR®] % 27 o] 60X

vt} ol THD & subharmonicg FFT-3

dul e F M AT E4AY 7L ripple
of X% e THD & 24.87% o =3 Yul THD
£ 20.21% 2 YL Mot Ase ¥IUC, ofu
PWM®] carrier ratio ¥ 9713 3l glev 138 6. 3
2Y T.of Aol 2zt AME Yol vheh} 9.

. 3 2
T =¥E ANE PR el E& PCR O switching

Zhol o% 43 vbebdl, of7jA 33 ripple
A # 9¥ele] switching £ QP 1zwvt
A% HA&W olFol Leele FHA vwxE
P& MU
Yy 6-step THYALCE 32 ¥ & & £
99, PCR o ripple of X% WM& Wy 23=
e 2t THD b w¢ ¥ 4 Ark.  wheEkA
Qweie] ysto mE PCR 5 YEAE 2YYA
delM Aol ¥ ofo} Pri.

PWM o] carrier ratio 7}
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~3 6. Hermonic diagram

( for DC when carrier ratio=9 )

‘ L1

213 7. Harmonic diagram

U !

( for ripple when carrier ratio=9 )
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