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A Voltage Error Correction Method for V/f Controlled Induction Motor with Disturbance Observers

Tetsuma Hoshino ™, Student Member, Jun-ichi Itoh*, Member

This paper proposes a voltage error compensation method with a parallel disturbance observer and a current controller in the
d-q rotational frame for V/f control. The parallel disturbance observer consists of a fast speed observer and a low speed observer
to separate the back electromotive force (EMF) from the estimated disturbance voltage. As a result, the voltage error is corrected
using the proposed method. The proposed method is validated based on the experimental results. This method can improve the

current distortion to less than 1/9 that of the conventional method.
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Fig. 1. Relations between reference pulse and voltage error.
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Table 1. Analysis conditions.
Parameters Values Parameters Values
Rated power 750W Rated current 7, 3.6A
Poles 4 Rated exciting current 7, 2.0A
Rated voltage 7, 200V Primary resistance R, 2.78Q
Rated frequency @, 50Hz Secondary resistance R, 2.44Q
Rated speed @4, 1420r/min Leakage inductance L, 11.0mH
Moment of Inertia 0.0025kg-m’
Fast observer Slow observer
. Ims . 500ms
time constant 7, time constant 7

METHE, RFRERD, £oT,
%é’&ﬁgibm

==L,

4 E A 2% 0dB T
WHEEERX DR THEET

%% I, FRR,kFSETHETLZENTF EL N, &

;%bob‘féﬂﬁ @?I\

ZDOWTE, (3+4) FITHEG

=
(3:3) E—F DN A—FLFDRE
¥ Loc DINT A—=F 2T 2

4 12BT B A

4/10

I Re,

2R 5,



.................................... [maglnary- 40
5
L ......... >_ 20
1 et 3 4
; ' 0
........................................... 20
6>
............................................. -40
2000  -1500  -1000 -500 0

(a)6 roots placement

v 5 RELE

Fig. 5. Placement and tracking of roots. (O shows no parameter variations. /Ashows twice of and ¥/shows half of its actual parameter.

e
R 0.5T; X C
30 ..... e R I S R I
oo SN
28 :r ..... ......... , ......... \)OSKACR'
26 b SETE RN 3HL”;/1 ......... - ;
24 b 20T pBYOST
- 7
2D he S S TS A S S N SR
: : i o/ :
R Lo - :
20 - A/ R R / ............................
S e LRy U A Real |
-2 -1 0 1 2
(b) Trackings of most vibratile root No.5
& Bh g

Each dashed line, solid line and dash-dot line means Kcz ACR gain, Tyand 7 observer time-constant variations.

B, 12 CFELEHG DR RERETH S, Re, Loc DE

NTENDINTA—=FIZTVTT, TE—FINTA—FDEREN
SRS OB TS 5,
(DR DR

JOHE R BRI — Y DR R OFEF ITK D AT
VR (T DO TREEMNAL THD, ¥ 4 hoPENREK
DNTAFTHE EHLF Re<R D& ER. (L, R>R Tld® -¢
%, ¥, 17 ﬁjE 13, R>R DEZITR DL, Re<R D&
XIZHhELRRD,

Q)L oc DFFF

T—HDORNA LT IH A Loc DEZF OFNIH R K
Fmni22 125N %, ReE EEATL T LO/NT A—F
@%m%%%%fzé_&@\@mo SR AT
J& K ¥E& T R-DAEE EUI=%EB %24 L, Lo>L, TR > L,
Lo <L, Ti3HETT %,

477’

Re, Loc DINT A—FHF DRI ONWTETEE2E LD
5L, KOTANEEND,
A) R OFEIIY VR IREAICBT 24 HEqLE S =<

;V%@LM£E&ﬁﬁ®ﬁ@M%%@Péﬁé
FIY §F OB AEICHT 5L, LEDHRO
%ﬂ#xf@f@éo

o TRZR OFY »2F {LF EDIFTT HEL,
(3-4) WRAR s OFERL LR BETRORT

B)

EREER IS KPR &N W, R #HE N
fojp w22 U, BWASTH T - NTRAR LY &F

| EE QFPETIN, NSO RENTE RN, £ D
L, BNWATFTF-NOEE L TR EY A, BunE-
FTHF—NCE > THBN AN, HlAH 2 e
2,

ZIT, CREARSOFRTMEHICBNTIE, BLATH
TH = NE @‘é’ KKD, gEHZ T BH NG
WEIIZT D, ERERIIBNTIE, T—FORRET
BEE T CNTRA TER2H ST THAD, AR
§7 2T D, BLATH T NZRLTHERL
DIz, BNATH T NOTORZIME G S > aE

5/10

FENTR (P I ETTOERZ DY, ¥ 39 O e & Qisanie 1
(DTH 224V &, BFHT! Db LITITT 2, 7
WIIENEN, Ot 2AV OV, Quisari=AV @/ V,, EFEL
7o
(3:5) Y RFLDEHHEFNLT LY BA
ZZTRY 3 ITATRE AT LDRESRH NS, K
BREh T B N2 L R R D, fETIC 1750WW}3 EE XN
BEDOE—INTA—FZR N, AR - TOXETH >
oo 8B, HER AAIATH T -NOBTE LD
WDT, EFER"T5201 2 N—F &k ORI
FE L, HER et TR L.
¥ 5 (a)iZ T=1lms, T,=100ms, Kycz=0.5 £ L7z & E D%
% ORE 0=0,~0.70pu IZBF HHIE 25T, AT
LI 6 KDL AT LDIED 6 DOREE DN, S5EYY O
No.1~4 |38 DF ¥, TL TR TH %, 5 No.5, 6 DHIE=
ROFBEETDLORINT, HbH I 2 [THENLZD
LIRS 5,
¥ 5 (NI NoS DRIZH LTI hO—F D d B8 -F 7
CKirEER T AN DRTE T, T, 222k, 12
/}u”éﬁt*ﬁﬂﬁ?ﬂ BT, LEi7ITiE, ROLBIEEIC
, FREEOIGEDTAEL WV, Ko T/NTA—FDS
BD%$%<$%¢ét##TH B, UL Taks
KT2EFEFTHHEOHEANEND, e L2 hE<F"
TLERE OADLTINYNDA, ARaT? HME R
NINE UPMRESEDNR" TS, Ko T Ky E+ESLT
FROLE7EY BIFINY EL VR, FTITHELE OB
[V EOHM NS P OFEIFTHRIND,
NraElHdl, FOLDITHEFINT A =S Z2TD
5E&N,
TAFHELENFTROESFET 2
T3 R TEe K 0 28 <FET B, 272U T<T;
Thb,
I, T, 23 LI2D AT, Kir TLE7%&H D
Y 6lIKipEETMIEBRIL ”J:o“C“/X-?AODiE%bi)?
HHINDETZE, VIal—Ta2ig LA T

e
»40

el



BB §NTA—YRFLEEFEREE CEzR W, dBFHR
HER O A B 2 BITRZ I, F Dig S, 2.0~4.0s
IZBNT, @ % 0.65pu /5 0.70pu N\ & AT TN (7 X
Bl ED, §BIWT 5 dg R e q @94 H§ 2 ORE
BB, RN TERIE2®ALE, B, 32
L—2 3 > 0o8EEkIE, BRT23RATL (7)) &
TRETH B,

¥ 6(@)IT d BWEHRHERLDO G A 2 Kyer 278 (79 250
D 27T, THHBMETE SRILTHO, FLAL
HA L TWaWn Y 6(b)i3 d B §HRHERID 57 1 > Kycr
E2RLEZEDRATHD, ZDHEIL 1.5 E TR
MRAL, ZOLERBRENM ENTND,

4. JERRS

TIZHBTE WEFEEIE L AT LEHT, 23X
T L3200V, 750W DI P BREAG A A SN—FITRD
HRT oA 2N=FEB BB =TV #Eeh > THO,
a2 hO—JIZ3ABNE- KR iRESESo* %25 25, q
WO A Lo TR T S TR, - )AL,
(10) XTAY, - PRI LDTE S 2 =927 —
AbFREEITTHIETHRS

I Rlilq[l —ﬂj ................................................. (10)
a)ﬂ
E70 A8 IR RAEE R M R L, AT AR LT
E%ﬁ&%mh%EZﬁM%m%Wkﬁé ¥ 34 Lz

WEATHF—NEEP L, TFHIMEHOKE 2T
B0 7 21T N—=F LR FHED/NTA—=F Z4TF, Ia
B, BOATFHTHF—NIZ (3-4) FOEFEA KD, ER
KTHA >2POELTHBZERDRNESICFELTY
b, ZHICXKD, ERFERFICBVWTI AT LDATHIE
A 2 0dB TR AT, | IR #EE VA
N5,

(4-1) s LR RE 0 RAVTHICK B

SITEY Jh iR B 1Hz, &6 (3 12 TR 258 L /-is

29, ¥V 3@ IEDADFHE, ¥ 3NN ITE
K7 2B R L3 s OFHEOTHRFE U TH D, {93503
FRAEEZFR LEFEHT 7 —RF747— Rz v
7o

Y 8@)TIET v YA LANHE, BRTE EA v T 2T
FEAZR U TEES 280 TEE 21 > TWBIZHhh

boT, TREVITZY TUNE L, £eFRkEI6 S

R ERS |

<o TWa, T, AT OFEL i R
LaWz, FHRAEOTEET 2 &M E X 682725 72
OTH5,

Y 8L TIRY TINMNIFEEANERSEFREYNE OGN

éogxbtéﬂﬁ%T7ﬁ‘/\iapoéMﬁﬁﬁ_wﬁwﬁﬁé
%tb FHROLOTORFZEN T2, O, sl

WWRBDEEMNES E20D, RYUOERTITDRND, £z,
ﬁ"‘j\h\’&lﬂﬁ 95 LT, %E #HE T4 —RI74+T—R

1.0y
1 ANANNAANNAAAAAAAAAAANNANNANNN
0.2pwdi VVV VVVMVVVVVY Y T VVVVVVVV
.zpw/div.
0.8 AAAAAAAAAA
]q WV VVVVV VM
PP P PP WP
0.2pwdiv. ORI A ATATATATATATATA
-0.4
A 0.2
ANAAAAAAA A =
AV NANNNAANARRAA A2 T NAA RN AN
0.1 U RYRVAYA  AVAVAVA LRV AYAVATEVATATATA A R YRYRYRVAVAVAVAY]
dpwdiv. V- V.V Y VUV VU UVLYYY V. V.V VVVVV
-0.2
0.0 2.0 . 4.0 6.0
Time [sec]
a) d-axis ain set to Kcx=0.
d-axis ACR g t to Kycp=0.5
1.0
1, ALAA N
0.2pu/div.
0.8, A A
I TAVA A A
q
0.2pu/div. 0 \v,\
0.4
. 02
AV ANAAAA A\
0.1pu/div. VVY Y v
02
0.0 2.0 4.0 6.0

Time [sec]
(b) d-axis ACR gain set to Kycx=1.0
Y6 INTA—FFa1—Z I K DR OUR

Fig. 6. Damping result with parameter tuning .
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Table 2. Experimental conditions.
Parameters Values Parameters Values
Rated power T50W Rated current 7, 3.6A
Poles 4 Rated exciting current 2.0A
Rated voltage V, 200V Primary resistance R, 2.78Q2
Rated frequency @, 50Hz Secondary resistance R, 2.44Q
Rated speed @, 1420r/min Leakage inductance L, 11.0mH
Moment of Inertia 0.0025kg-m’
Switching frequency f; 20kHz Dead-time period T, 3us
d-axis ACR gain K cx 2.0 Boost voltage 10.0V
300V Feed forward 0.06V,.
DC bus voltage V. .
(Typ.) compensation voltage 18V (Typ.)
Fast observer Slow observer
. Ims . 10ms
time constant 7; time constant 7
Command value of Iy
d-axis current ;4* (2.0A)

METEDDT, REFTH—NORFES MINhin s,
¥ 8(a), (DTNTNFHAED u LGN 5 VT B 2 FH

L,*h%ﬁotovﬁﬁx IR D 891% I L%
FEFR LERE1E 098%E 793 5RA > bies L, &=
D 1/9 D)7 ITH FR R B2 IR Uz, 2056, ?ﬁﬁ@
EANE SN, Y 8O DADFE &, ik

Au%mﬂbt%n IBUT D, u RIS ihé&%&
B AT, LG RN LR ICBT 5 u ke

FROED P k7% 100%E L THFALTWD, ZKIEIC
Ko T2, 5 7h02 4 /54 FiE OTANERL TWD, T

6/10



Proposed error voltage
correction

;o N —
1d”| ‘ Kicr Via" | .
VIf controller : - : 24 L)O—b
TR i UL Yy
I conversion : | | 3¢ v, \A"' + Inverter AA \
w*! I *¥ ﬁ%? \

|
: I I I ill Z.M'
| | [ A Conventional error
I Voltage (I : Disturbance : voltage correction |
I boost : | observer | (Eq.1) B v Y
: (Eq.10) || | in Fig. 3. | ia
I I: : To ACR <—[Iq 39— 24
I i ¢

| |

|
: 1 0 N 7/ f
| s |
N /

Y7 FRIAT LMK
Fig. 7. Constraints of the experiment system.
DM IR IR Z Tﬁ:m@tlﬂ‘(@ﬂﬁ%ﬂ] N g lkififniictéajE BYEE-THT—R ]\ﬁjE’ g 1
TelzbEH A%, AEH TR, FOmAGFWRIZE > TS0 EF X 5, £

(4:2) 3L LRI OERATOIRE Y ICL D5

YOO RKLCKBIFE#FRI A EN oD A, T
N kKB 2.67Hz THEHY , €@ MU EMAlLEDs
SR DLE EA T,

AL OE BB B ML 20% Th o720,
HEGw#B P LR80T, VAMETH 119% &M 6 Rk
NI R L, Y 8 Oidnsbsniak DI, ek
G TIRTHASE DR LRI N LT 5720 ML Y
ERZ TERN, TITRLEHER WD I EICE D TR
URET EN, EARKTH RO ISR NI EHZ TE
Do BB, MIIZMNEZRE/EIDEITMLTVWSEY 3~ K
YHICEDELE R 2H T 5T — A MR 2 D W
ERD, ZFORAMFRICRO TSSO ET XD,
M6>?ﬁzfv75;0umi5¥ﬂﬂ

Y101z, FEEEEARE - Kk If 8 SHz TRISY , X5 v
7°"i\0)f*§zﬁ o NV EMATRYEAT, ¥ 10(@)id ik
FDADFZE, ¥ 100NIEIGFICEHET 28R L2536

BT R as7,

A TIREFEE I THRIMEE 2H o I b
57, A7y FEBEIZF LA N—IVERIL, MEL TN
B, JHUF, FHROTBI O FIEOMREI L, Fit
ORETDRA v F 2 TREDLRZITH ST #HT Ok~
WK T 5, - ZTREXHIE, ATy FTEBIZFLTHR
F=ILET, THRITXROKERETHS 0.053pu LD Hizny
0.04lpu TRV EHE LIANSBELTND Z ENDD
%, ZHUIY 9 DA THLsNRL DI :, EHETOL
NIV DR SN/, ATy TEBICWT 5 RENE
FINEEOTH D, ZDmIAED, BEXHISHBARET
L TELTEHETLIEez®A L, B, ZELICTE
FEITRODXD DIRRNWTROTERE MV ZEFT LTns2

7/10

Jz, K2R Ukgsd, d# ACRIZE > Td®gihi,
%?—H’f??&é _&Tlﬁﬁua}mﬁxa’éﬁéh, q B RO S
A BNz,

YA RENS TR D SR ETONR &,
ﬁﬂb@;ﬁ*ifwﬁﬁ%ﬁzt%gmﬁ SEAT, TR
%Wﬁﬂ@m“@&%”osﬁ CHFEL, C AR
THs, ¥ @I 0ADZFE, ¥ 1LOITIEREK
%?&%mﬂbt%q BT BEYEAT,

ST X DEE 2R WTTR 213 58213
MV D30 L9 % o b gl 21 ER _,E.ﬁ*@“é
?hMWﬁﬁ%ﬁzf%%mwy, R ImE <, i
RETHLE L TEHIET D, TIUIRNWATF THF— )\
MF-C L THETTDARET Y 2R WATH TH =N\
BId, HMEEbETELINSTH S,

(4-4) AL DNRS A - (CEBPBORE

Y 121CY 8b)EE - DEEDHE, AEFTH-NITFH"
TIDHNRERBA I VI DA Loc RS EIZT
DEROT AR (T BT 24T, THOTHHTT
FHEIFICE>THTNTHOT, ATHIEEENR (95 &,
BT B,

(3:3) FUIBWVT, i Re DINTA—=F MR ITH D
T2 UL335%13, 3DE—FYD R XDHFENLELEHAT-
HIE gyt S L, WMICEED R LD A3 & EATHIE
WHNE (T DI EEmamN TN TWS, £h1257
B DA Loc DINT A—HF NERIT L Z280F, RIlTL D5
Lo h3ng, IOE—FD L, EXDHFENEEZ
AT ey - L, IO Lok D HInsL EAT

TR B ER

& 1o
iz

W EGENRLT D EEEEP T 5N TS, Z0%F %
By 2IATEROTAFORRELLS - 2L, B0
A NERTE T,



5. ¥&o

dEZFTTRHEEE, qBITFUATFTHF =N
KRBT E FHEMET 52K L, RO V) HERIS I

FONTHEMEGEDIRE 21 7z, RO L, K53
BPRg? WO #ET LT EF Yy I TERIEE
HR L. EFORS, REIERARET? 2%hete
AEETEF Y RN TED I LERR LT,

4O, a2 ho— 7®A7x H R IMIBNZE,
FI7 B ¥ 1Hz TRE B OAF ITBNTTHROT A

0.98% & LIz 1/9 D _E?Z"'C?—Ség_f‘:’&%nmb
Too EERRITBUT D6 BITHTHEER, HEETIU%E
AN 6 5 DS MLV Y B RR L Tc AT T E T
THE B B E TOMRERICW L TH A b=, 22K
MM RETHOL TR LR L, Iab, 270
ATk 17§ R EIRNT PRI O BT TH
D, HRSCICRFOLERLET,

(MREXF XPXTFE, TRXFXPXTH P

v 7
1) T. Sukegawa, K. Kamiyama, K. Mizuno, T. Matsui, and T. Okuyama, :
“Fully digital vector-controlled PWM VSI fed ac drives with an inverter

dead-time compensation strategy,” IEEE Transaction on Industry.
Application., vol. 27, no. 3, pp. 552-559, (May/Jun. 1991).

?2) J. W. Choi and S. K. Sul, : “Inverter output voltage synthesis using novel
dead time compensation,” IEEE Transaction on Power Electronics, vol.
11, no. 2, pp. 221-227, (Mar. 1996).

3) A. R. Munoz and T. A. Lipo,
technique for open-loop PWM-VSI drive,” IEEE Transaction on Power
Electronics , vol. 14, no. 4, pp. 683-689, (Jul. 1999).

“) S.-G. Jeong and M.-H. Park, “The analysis and compensation of deadtime

: “On-line dead-time compensation

effects in PWM inverters,” IEEE Transaction on Industry. Electronics.,
vol. 38, no. 2, pp. 108-114, Apr. 1991.

5) A. Muiioz-Garcia and T. A. Lipo, “On-line dead-time compensation
technique for open-loop PWM-VSI drive,” IEEE Transaction on Power
Electronics, vol. 14, no. 4, pp. 683-689, Jul. 1999.

(6) H. Zhao, Q. M. J. Wu, and A. Kawamura, “An accurate approach of non-
linearity compensation for VSI inverter output voltage,” IEEE Trans-
action on Power Electronics., vol. 19, no. 4, pp. 1029-1035, Jul. 2004

(@) A. Cichowski, J. Nieznanski, “Self-Tuning Dead-Time Compensation
Method for Voltage-Source Inverters” IEEE Power Electronics Letters,
vol. 3, no. 2, June 2005

8) REAYE e N 2 D TAC ‘D‘_ﬂf’/X?A@E;"\&?%“
FOLE - ZENSY T MY T TH—RET - |, RETTFIRE

9) R, PR A, @R, R TERRTHEONT AT LT Y
K& 1 MCkBEY GF O BI¥E] VR 19 § TE 3404
£, 4-143

(10) H. S. Kim, H. T. Moon, and M. J. Youn,
compensation method using disturbance observer,” IEEE Transaction on
Power. Electronics., vol. 18, no. 6, pp. 1136-1345, (Nov. 2003).

(11) N. Urasaki, T. Senjyu, K. Uezato, T. Funabashi, : “An Adaptive
Dead-Time Compensation Strategy for Voltage Source Inverter Fed

: “On-line dead-time

Motor Drives” IEEE Transactions on Power Electronics, Vol. 20, No. 5,

(Sep. 2005).

(12) 2 27R - 2RE -  TgE “%“ﬁ‘j*f~/\°%ﬁ W FRE A E
2T D OIRAE DR, TF PRPLBE B e 4,
(2007.9)

8/10

) 1983 11 f 207 %, 2008 f 3
ﬁfﬁ,ﬁgﬁ—'hia+hzl S R g B
B W AP P PR AR

J, 2 ELTEHEHEICET 5

(8) 1972§ 15672, 19 f 3 f K%
BARP R R 55 PRERES BRE
Do WE AR, B GA (R 1A, 2004 §
4 PR BRI PEE AE IS SIS
DATE R, A EIOF IR
1,9 ) (RERR S5, 2007 §
T 63 B dE PR & WP, IEEE

Member,



F

Amplitude of harmonic

v
ig.

component [%]

.1.6005+UUPH
.. 1.600E+00R!

g, ig 2 0.2pu/div

0L OE=O03PL e
—400, 0E-03PU

iu 10.00R .
Iy
M
B o (0.5s/div.)

(a) Without proposed method

(Output frequency 1Hz, no load, 750W induction motor)

0L QE=DIPL e
=400, 0E-03PU

10.00A .

i 2AMY

0,00 Az
0,000

1 (0.55/div.)

—10. 00R

(b) With proposed method

(Output frequency 1Hz, no load, 75S0W induction motor)

8
8.

= With proposed method
= Without proposed method

i ittt

8 910111213141516171819202122232425
Harmonic order

6 7

(c) Comparison of the harmonic component

1Hz,

A
Current waveforms at 1Hz under the no-load condition.

CE]

2BV LI & T RS

9/10

@ With proposed method
100
[ )
— 80 /
S T ®
] 20, .
3 60 26
g s, .
o G
= 2.
40 o
Ly °
20 o e -
ithout proposed method = ‘&
0 | L L
0 20 40 60 80
Speed [r/min]

v 9

Fig. 9. Improvement of characteristics

AT LD 0 Y Oy

under load condition

with the proposed compensation method.

Rated load
— +«4—No load
Worr TeBBiodtedn ¢ Pk 2 @, 1 0.02pu/div.
ey ﬁ,-\r\f
T .
04 : — 7" :/1.0pu/div.
] gl : /
id 1. &00E+00PI . . .
e TR gy gt 0.2pu/div.
A . | i R .
AT AR i HHTHEAR
0-4 i g u GO oA st
S =
iu 10.00R

LA

,,,,,, iy - 2A/div.

MR ARAAT

Uy

uuuvvv\f\f\f TRVERTAY

D R R R R S (500ms/div.)..
(a) Without proposed method
Rated load
> »-4—No load
irr. . TeB Tooe asey e “@y 2 0.02pu/div.
[
TN
oi r’ : Uw 7 1Lopuldiv.
E ?gﬂggnggﬁmw ...... gy g 0.2pu/div.
qu‘d‘ B
iy §
0 4 0. OE=03P
e S A
CAAANARAAAAAAARANAAAADAAN
AR AR AR ARG
IARET TR B S (500ms/div.);
(b) With proposed method
Y10 X7 LRI DEE

Fig. 10. Characteristics against step-shape load torque.



Acceleration Deceleration
- » - >

wm_‘L‘PV_ K 1.60000E+00EU ><< Hu}ln}Z!(l> . . a)m : O.ZPWdiv.
O :
0 e e
T : :
ig, iq 1 0.2pu/div.
g - I
0- Sl il N
Tu 10,008 i . .u ; 2A/d1v
0--+ ‘ :
R T § : § R (200ms/d1v)i
(a) Without proposed method
Acceleration Deceleration
Wi i 1.600? F'I{ (.( Mn)n.l"k )? ‘ mm : 0.2pu/div.
o, :
o 1 -
ig, ig 2 0.2pu/div.
T B Y el
B ‘mé i ; RN S, 2A/div.
0 A
’ R TR
o D A s A SN (ZOOms d1v)&

(b) With proposed method

YL g s

Fig. 11. Characteristics against acceleration and deceleration.

10/10

iy THD [%]

1.5 [
LG(' vdal idtiUll
_______________ N PN
1.0 O
—~<5
Re-variation
0.5
0.0 : : :
Half of Same to Twice of

the actual parameter the actual parameter

Controller parameter setting

Y12 NIA—FHITLCKDTROTHEOL”

Fig. 12. THD variations of the parameter mismatching.

the actual parameter



