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The Current Waveform Improvement of an AC Motor with
Low Pass LC Filter Driven by a Digital Bridge Inverter
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Abstract

Recently, the AC motor which has a simple structure and needs less maintenance has
become to be used frequently as a servomotor for position control in the automatic control field.

This paper concerns with a method to improve the current waveveforms of the variable speed
3¢ AC motor system driven by the single —pulse PWM, and the current waveforms are ana-
lyzed by FFT under various running conditions. The system is composed of a digital bridge
inverter, low pass LC filter, and 3¢ AC motor.

By the performance anaysis through the computer simulations and experiments, AC source
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of pseudo sine waveform can be obtained from the modulated alternating square voltage by

means of the well designed LC filter.
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FEASIE ABHE7 0 v 7 AAY F27} FEE T FA Byt folste £ 7HF 0l A™
S To] AR R A4 AL de] AHEs 3 Aok S NEA AHARZA], vlejA2 T
AN E o] &3 Aoj7]e] M AMEAZI o] hF A4S L A& FA, =l ¢EH F
oz Br AHAQ A E £ 5 UA HAUh o] 2 A8t REAFI S 7PE& A ol #
ozm AdAd e o]g=m Yom, Bt goldtA FAS At W{FE A7 A PWM(Pulse
Width Modulation) 7] &l 3t @771 A48 1 Aot

ML STAETE Aojstr] Y8t AF - nF AP FAQN VEAFHLAE o] & PWM
SlME7F F2 AL HEY o]k 2w AL R FAFE Ao £ Jdon AFrld dYHe nx2H%
Ag L A s AE7]e] 242 Z/A7 1 L ASTH E0A W 4o He 2R IF
2 AANZ & Y= A I LA Ad Qe 8531 Uk o FAE n& AP LA
(IGBT, GTO, MOSFET, TR, SCR)¢] 703} Aoj7le] wgz A&d Aelct. ¥ dF7M AHed
IGBT(Insulated Gate Bipolar Transistor):= power — MOSFET9] 114 29 % (Switching) %3 4=
A =W ~¢|(Bipolar Transistor) ¢ TAY - A F A S oA 71 AP 2424 W& A
HE Rol A4 %3 1o, HAd ASEE $ASY HEREAT/ = H L&A EHE 22 AHE3
o sl A HAESAE E F U

guka 0 2 da) AL EE Azbs) vl @ PWM 4] & Aol g 271 via A hedtn Faedag A
WMz7l golde AW & glor} m2 3 (Harmonics)ol o & AA{=4NEMD7E 47 H3 3
geow 27 A e B2yl o) PWM 4 & A FEAAFV 0 AR EZ BRE /AL AR
2 539 2507 48 AP L Yot AAAZte] ABE o8 FHE] 9]5te] DSP(Digital Signal
Processor) @& 11719 Au|7t oo 2 443 stel £A417t ok
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2o gESo EF5 0L A B ol 2% Y EM S Filo RFHNY] 3% & FFT 84S F5+
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Fig. 2.12 LCR&&E o] 48 9244 7R 9| 7] E(Normalized) A 9 THEE S N H2ojr}.w
Fig. 2.1e1 4 2 &l A o) sl A v A zH51 9, Kirchhoff 424 3 0 2 =g

v(t)=Lm1%im1(t)+Rmim1(t) 2.1

H2.DZ FEgA AP 24)(2.2)7) o}
V(s)=(SLm1+ Rm)Ini(s) (2.2
H(2.2)2. 2 2¥ Im(s)/V(s)9] #A4 & 78 4 Q.

Im(s) 1.0
V(s) =~ AuS+An (2.3)

714,

Ainn=Lm
AIO—_-Rm

Fig. 2.19 M 3314 e} & 2183 A S0 dalre Im3(s)/V(s)e] &A1 o] 2](2.4)3 Fo] A}

Wy |, 500 s L

> S o S A o S . v

G Ce R

(2 vz( )] vy (1)
}i,(r) :T[i.(:) i)

Fig. 1. Overall View of Multimedia Subsystem
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Im3(8) - 1.0 (2 4)
V(s) A33S*+A3252+A3S +Aso ’
71 A,
Asz=I11C2Lms3-
Az=I.,C2Rm
Asi=Li1+Lms
Aso=Rm
Fig. 2.1014 9217 Y} & ALE-3 A S0l 3l & Ims(s)/V(9)] BAIA 0] H(2.5)2 F 1=
ImQ(S) _ 1.0
Vis) ~ F(s) (2:5)
o714,

F(s)=A%S°+A9sS? 4+ A018" + A96S* + A955° + A04S* + A938° + A025°+ A91S +Aso

Ago=L1C2L3C4sL5CeL1CsLmg

Aos=L1C2L3C4LsCeL1CsRm

Aor=IL1CoL3CsLsCe( L7+ Lmg) +(L1+ L3)CaLsCeL7CaLme+ L1C2CsL1CsLms(L3+Ls)+
L1C2L3C4CsLmo(Ls—+ L)

Ase= [(L1+C3)CaL5CeL7Cs+ L1C2CeL1CsLsCeL7Cs(Ls3 +Ls)+L1C2L3C4Cs(Ls+L7)+
L1C2L3C4L5Cs) Rm

Aos=(L1+ C3)CaLms(LsCs+ L1Cs+ L5Cs)+ L1C2Lms(LaCe+ L5Ce + L5Cs+ L1Cs) +
(In+ C3+ L5)CeL1CsLms + L1CaLms(Ca+Cs)+(L1+ C3)CaLsCeL1+ L1C2CeLr(Ls+Ls) +
L1C2L3C«(Ls+ L)

Aga= [(L1+Cs)C4(L5Cs+L7Cs+L5C6)+L1C2(L3CG+L5C’6+L5C8+L7C8)+
(Lv+ L3+ Ls)CeL7Cs+L1C2L3(Cs+ Cs)] Rm

Aos=(L1+Ls+Ls+L1)CsLms+(L1+ L3)CaLms+L1C2Lmo+(L1+ L3s+ Ls5)CeLms+
(L1+L3)CaL1+L1CaL7+(L1+ L3+ Ls)CeL1+ (L1+L3)C4L7+(L1+ L3)CaLs+
L1C2Ls+L1C2Ls

Aso= [(L1+Ls+Ls+L1)Cs+(L1+ L3)Ca+L1C2+(L1+ La+ Ls)Cé] Rm

Aor=IL1+Ls+Ls+L7+Lms

Ago=Rm

1) IEEE A2 R e A S
£ F

Zee AAT 2§ 2 Ig. 2.114 Rn=1.0[Q], Ln=1.0[H]¥ o} 2% 3 ZF 1[rad/sec]
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oA 8dBe] 247} dojuhe 71 E(Normalized) B4 & A=t} 71X 2(2.3)2 2 BE Im(s)/V(s)e] #
AHE 7ot 2(2.6)3 2o}

Im(s) 1.0
Vis) — S+10 (2.6)

Ve)=1S < &4 ASY A4 L3¢ 4(2.6)9] sl 2277 2o},
imi(t)=1-e™* 2.7)

2) 324 dEl9 A&
32H7) ] Butterworth WEl& 2(2.4)9] E4u3 4o o] gy YT AXBES § Ho =z, Fig.
2.14]4 Rm=1.0[Q], Li=1.5[H], C2=1.333 [F], Le=0.5[H] Y o 2}Z&5}4 1[rad/sec] 9 A 3dBe] Z+
7t doj U 7)1 &(Normalized) Butterworth LC HHE Je.
AZ1A Ina(s)/V(s)] WA A& F31H 4(2.8)7 2},

Im(s) 1.0
Vis) = 8°4+2824+25+1.0 (2.8)

Vis)=1/8<] &9 A4 48 4% 4(2.8)9 e 4(2.9)9 2}

im3(t)=1-e™ - 1.1547¢ **sin0.8660¢ (2.9)

Vis)=121 29Id¥ 2 4 Y A S 4(2.8)¢] sl = 2](2.10)7} 2t}
im3(t)=e"*+0.5773e **sin0.8660¢ — 0.9999 **c0s0.8660¢ (2.10)

3) 924 "Eje] A $
92t €] Butterworth Bel Flg. 2.19)4 Rn=1.0[Q], Li=1.5628[H), C:=1.8424[F], Lo=1.7772
[H], Cs=1.6202[F], Ls=1.4037[H], Cs=1.1408[F], Le=0.8414[H], Cs=0.5155[F], Lm=0.1736
(H1¥ = zZt339} <= 1[rad/sec] oA 3dB<] 47} dojvte 71 E(Normalized) Butterworth LCEE &
dett A9 AFEE N8t Ino(s)/Vis)e] BAA & 751w 21(2.11)3} 2o}

Ins(s) _ 1.0
Vis) ~ F(s) (2.11)

F(s)=8°+5.75858°+16.580457+31.16205°+41.98465°+41.985 15%+31.16308°+
16.58158%+5.7587S+1.0

Vis)=1/5 @9 Al d8d 2% 2(2.11)9] 8 =4(2.12)0|}.
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imo(2)=1 - 10.3458e 1% — 18,0473e**#¢0s(0.3378t + 1.5586)
+10.2524e °"%c0s(0.6451¢ +0.0024)
+38.7916e 5% cos(0.8663¢ 4+ 1.5658)
- 0.6672e *1"c0s(0.9847t +0.0020) (2.12)

V(e)=1¢ @982 LA $ 2(2.1D9 & A(2.13)°]%.

imo()=10.4420¢ "%+ 16.8706e ***'c0s(0.3378¢+ 1.5586)
+6.0963¢ " ****5in(0.3378¢ +- 1.5586) '
~7.8472¢ %™%c0s(0.6451£ +0.0024)
- 6.6138e °"%sin(0.6451¢ +0.0024)
— 1.8988¢ "5 c05(0.8663¢ + 1.5658)
- 3.2846e *5**gin(0.8663¢ +1.5658)
+0.1158¢*""c0s(0.9847t +-0.0020)
+0.6569¢ **"3in(0.9847:+0.0020) (2.13)

2. Butterworth 3it7l TE|el 9xA| TEle| SEHSA

Fig. 2.2a¢9} Fig. 2.2bE 3279 9214) 9] Butterworth S8 & AH8-§ 7 $-9] Fapo] g A7) ¢
A43tel BAE A7 AV HEYEoITh

o S(Gain)e AV LA AW FAFE 7| Z 22 327 M3 924A S ANe] 0dB,F o) Fo] 12 A%
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Fig. 2.2a Bode Diagram of the Induction Motor with Fig. 2.2b Bode Diagram of the 9th Order Butterworth
3rd Order Butterworth Filter Filter
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Fig. 2.3 Step Responses of the 3rd and 9th Order Butter- Fig. 2.4 Impulse Responses of the 3rd and 9th Order
worth Filter Butterworth Filter

Fig. 238 429 % 4(2.12)8 a2¥o2 A Ao 2 1[V] 2|9 A d8d 399 Adrjyg
olth 93 A ok 3R A £ vl %P LM FEE JIAU ARE A g Holo] FFALE tha A}

Fig. 2.4+ 2(2.10) ¥ 2(2.13)2 2go2 FA3 Qo= 1[V]137)19 d828do 2 33141 = 92174
ot HEEs Ut E 2 o] @o] Y eE Txs} v obhy YA ¢+ Ut

I. #FEHSE7|18 NAYS3 LCLE{o AA|

Fig. 3.1& A B2 ¥ A e 9 /hgFxo|t}. IGBTL, IGBT47} £4 ¢ At Rt ddo] FAY
A Vsl Hgto] 29 W3] ¥ IGBT3, IGBT27F $45 W 2o Gl ALY -Veo] AYgo) &
S2EE AFE A do. WFE AI9E o Y 2AYLE IGBT Ygso] Qe T oo =
(Wheeling Diode)& %3] 895 T2 =)o gt} tims)

Fig. 3.2 7} IGBTS| B6 7} 19| gtel] Qi = ;z:: ; E'——Il
dolu, IGBT1, IGBT47} £RH W %fcho] V.ol : ;I'___I
Aol ez w57 3 IGBTS, IGBT27F 4  °BTS 'r—!
16874 ——! .
ICGBT1! t I I
- ve +V, |I :
“TT - V. Dead
o M'ST%\!(—‘ T —Y Time
1GBT2 F———— T. ﬁ]

Fig. 3.1 Circuit of the Full-bridge Inverter with a Low Fig. 3.2 Time Chart of the Single-pulse Triggering
Pass LC Filter Signal, for IGBT
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m mahe] ool 1A 2ol — Vol GAgo] AA. AW E S FskeA R A7lE A2 A4
o Ao N 2REE Aot BA) BAAE Y2 ¥R & slrk o] Wl LCEH Fof
Ax FEAYL e AB.D% go] FoiAth.

vt)=v@®)[ult ~A) - u(t - B) - u(t - C)+ut+D)] (3.1)

Fig. 2.1¢] A<ty & 18t A@.DE SFEHE W sl 21(3.2)¢ 2ol Bt}
Vf(s)=—“;—i(e"“s—e_as-e_cs+eVDS) (3.2)

714,

A=KkTp
B=Tp(k+0.5Ts)
C=Tu(k+0.5)
D=Tsi(k+0.5(1+Ts)}

o, Tp 2 F7], Ts : A 0] &E(2Tw/Th)
2(2.3)7 2(3.2)2 R UE & ALS5HA] ¥& Aol REd E2= A7 Imi(s)e] A QAL Ve2] TA
218 s 4(3.3)3 2.

Iml(s)=YSs— —(Eé'—%\-@ (e —e B —e +e ™) (3.3)
A(2.4)% A(32)2HE 334 WEo] B2t AF Inx(s)2t ARASE Vol BANE T3 HE.H%
2.

Vs 1.0
S (A33S*+AS2+AaS +Asw0)

Inms(s)= (e —e B - S +e ") (3.4)
22113 4(3.2) 225 9xtA] E o] E2E B F Imo(s)o} A LA Vo] BAA S F3HH 2(8.5)
st zok.

Ims(s)= g—s —I}Ts(,)) (e 45— 85 —g S+ ™) (3.5)

A(3.3)- 4(35NA T & e e ol ABro) B2 HF in(t) o) HF ) FFE 7P wel 1A
© e Co-Cast Li - Lr Soll o}5te) 2R S AN 2 shetelete) gholm 2 Bejol 7o ot
2 o] ghEo] AN FEEASE AT 1 FLLZ in(n)9] AF Y o BANE AL HB2 A,
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B, C, DS 2 7] Tost A o] - E(To)l o3te) AASE gtoz Age] NED By A & 9% 1
A B} 4(3.3)-4(3.5)9) e AFEZ ANsd 1 SHL Loy} S5 719 Jta&TE
< 123t 0=503[rad/sec](80Hz)Z LCEHE MAsx AE79 Aa}e A AF7E N1F3d
Rm=85.0[Q] & &} t}.

HAE LCOE o Ful4 ol A o] §2(T)E HMAIAL o 3485 A 719 AR ¢AAYHY
= AFE A E A H FFT 2402 AT B2 7 FE A 290 o] A] LAY Ve 72193
g 1[V]9] H<Fo] FolF )

1. Induction Motore| &43}

3FERE7I 5718 249 setule ghe AF19) 3 AR 7AW Blocked - rotor test)3 T4
A | (No ~load test)S 3 2A1M o2 18 & Ag.e

471N AE LCEH A 2o 344E0 5719 Haulg gto] 3| 24xte] dFEOoR olgHm
NeB 2 o) & FES] T2 Fo). A 2 THAY) o8 2HY A Y, AT, A9 a8m A8

Fol 528 13454 AL 22 Vi, I, W 223 ol et z, 2R aA Qo) o) 299 Aga Aes
22t Vo, Lek 848 287 2o @ SAY A2 21

Zr=(r1+P)-j@ (3.6)

AN, p-W_,
I

RORD

L

°Ith. 281 2 P5@e the Aol &8 78 & Uk

2

X=xl+x2=—¥ﬂ—~ (LI/‘L—Q) +P*

X, =x+xy = 2o X 3.7)
PX,

2= XO_Q

2 A3 A A} &3 3 4-F+E=HE7]=  Table3.1. Constant Values of the 3¢ AC Motor

Feedbackite] %4 871 717] 8 2Yshol | SwpbvVohag | acieov) |
Az Ao HAx FEAG T TR} A g ol ] Fole ; L
N Winding Resistance 85[Q]
B &S 4B6)F BN HYstd AEF]  |— == A
BEkE HE63 @) I o sdsted d571 Winding Inductance | 275{mH]

of Arat-& 73t on 1 gk Table 3.13 2t}

-185-



10 - BHFEFFRHRCK FOH(1996. 2)
2. A7l HEIE AIREH FS 4 X ABOIM 84

B AR E $EAS7 e HAETES 18] 8t 0=503[rad/sec](80Hz)Z LCEE & A st
AE7)9 A3 AP 2E AR FE AP (Blocked -rotor test)Z 2.8 52 P (No —load test)S F3l.
arndoz 7 & 4 gtk® A8 AE/E 71F8H) Ru=85.0[A]# Ln=275.0[mH] & e dAQ
LCHE N 2549 Ao £&(THE ¥ARAL 0 3ARE=AT7 AFE AFE ANBNEH
FFT 2402 ZAsQch RE AFE AEol Moy ALAL Ve ALt 1[V] 9 Akl Fo
At

3317 LCRE] 8| 24 Rn=85.0[Q], Li=180.0[mH], C2=40.0[1F], Ln=275.0[mH]d = thsj =
o] 503[rad/sec]ql AV AHEH LCLEE A&} 99 steerE @24 At Irs(s)e} A
A& 7 2(4.1)3 2o '

' S (5°+309.09157+229798.0S +42929290.0)

(e 45 —g BS —g S ¢7D5) (3.8)

©="503[rad/sec] = A @ 3347 A e & AuA AuElol AXHAL o irs(t)2] HF2 F3
49} Aol &-Eol wtet 2t

Fig. 3.3a% 20Hzol| A Te=50%%} T:=80%Aw} A F ira()] HPelh. AHo]8-& To7} 50% B} 2
22 9xAe HBo] Ju Tl Aol Fadol] o] e AT 7MAARE & & U Fig.
3.3bx 20Hz o)A Ts=80% W A F ira(t)e] FFT EAjoit}. 7] & v}e] 1/3u) 9 gs 2 nzss) U
vt

Fig. 3.4a% 50Hzol| Al Ts=50%% Te=80%Aw| A F ia(t)e] g elct. Ao &-& Teo] 27| A
glo] A@M| 2Aet AEL Tl 245 2718e & & Utk Fig 3.4b% 20Hzel A To=80%
AF inwe] FFT £Aolth. 1207} Aol gle 385 & & + o AF7%F < Fig. 3.3a9 Fig. 3.4a

2 v pad 2045t 2242 AN AAPAT AEL Gt FAEa, AYel§& Tt E5F A

LV T S

8. 168581
@ ' 0.014
A A
I i v,
i\ _/r:\ I ‘\17._/," ooz
B?ﬂﬂi—@‘:‘. .f T . iooe . v’. ! 1
/ l Vo i \ . o010
/ . ) =
' \. .'g 0,008 F——f
. / £
' : { £ ooos |-
‘ / <
-9.5892-02 \ i A P
SR (AR (A ]
: 0.002 :
-p.1903-81f ——— — — . R ’ J J‘ \\
BN BB B.BEBL  BAINMD 0162088 B.2835:9 oo LSl s
Frequency[Hz]
Fig. 3.3a Current Waveforms of the Induction Motor

with Revised 3rd Order Filter at 20Hz of Ts

=50% and Ts=80%
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8 lﬁﬂifg% _ - v ‘ — ao%

g

8.9085-32

§

8

8.8085:28

Amplitude(a]
[=]
8

-8.5881-92

8

&

-9.1880-8] e —e o
8.262E-82  B.1343-81  B.341:-91  9.4591-01  B.6%62-81 5. 314.["-1—3%
sec,

§

50 0 BO 200 250 A0 350 400 450 50

Frequency(Hz]

=]

Fig. 3.4a Current Waveforms of the Induction Motor
with Revised 3rd Order Filter at 50Hz of Ts Fig. 3.4b FFT Analysis of the Fig. 4.3a at 50Hz of Ts=
=50% and Ts=80% 80%

Fol Mt &+ U ok
3. OXHA| EEE AISE FR A U AIS 0| 4
934 LCE I3 2914 Rn=85.0[Q], L1=120.0[mH], C2=50.0[uF], L3=140.0[mH], C+=50.0
[1F], Ls=140.0[mH], Cs=50.0[uF], L1=140.0[mH], Cs=40.0[4F], Ln=275.0[mH] < 9 Zo

503[rad/sec] 1 | € A= F2% LOBE & A=th A9) HAle}E 4(2.5)) D Yshe] To(s)e) DA
<€ 73 24.2)8 2t}

21
Irg(s)=l;i ““2'201?‘?9?;)( R (3.9)
oq 714,

Fro(s)=5°+309.09108°+ 1150433.057+ 3.2748 x 10%S°+4.2957 X 101S°+1.0802 x 10"S*+
5.6597 x 10'°5°+1.1376 x 10°S2+ 1.8000 x 10%S + 1.8773 x 10%

w=503[rad/sec] 2 A& 9314 N @ L) & AR A QAW E o] M= stg S o ir(t)e] 5} Fut
7o Aol &g wat Zelic).

Fig. 3.5a& 20Hzol| A Ts=50%2} Ts=80%Ud A& ira(t)2] 58 o]r}, AFo| & Tyl 42 okzh
o 2 Fo] TFE AAE 97} Ho Torl opxd Gl B2 2l Zo] 9= AR Aol AR &
@ 4= 3o} Fig. 3.5b& 20Hzol A Ts=80%Y W A& ire(t)e] FFT 2Ajo] 0}, 71835e] 1/6.7 27191 43
Azvek 71 8vte] 167 27191 A5 297} YEhdr}. Fig. 3.6a% 50Hzo| A Ts=50%%} Te=80%<2 o
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