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Abstract

In this paper, we determined the modulation index for minimization of speed ripple and position
error using maximum speed ripple (SRF) and maximum position error (PEF) in current source
TPWM inverter. Through computer simulation, we compared with total current harmonic distortion,
SRF and PEF for square wave modulation method and TPWM method. As a result, it turns out that
square wave modulation method is superior to TPWM method of 3 pulses per half cycle in speed
ripple and position error contents. And TPWM is better than square wave method when pulse
number is more than 5. Also, in these pulse numbers, modulation index of minimum speed ripple
and minimum position error is 0.91.
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Fig. 6. Derivation of speed ripple and position
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(a) line current and fundamental current.
(b) speed ripple.
(¢} position error.
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Tabie 1. Comparision of THD, SRF and PEF.
square wave T P W M
(SW) 3 5 7 9 11 13
M 1 1 1 1 1 1
THD  0.303 0.632 0. 445 0.408 0.397 0.391 0.372
1/SW 1 209 1.47 1.3 1.31 1.29 1.23
min.of SRE  0.134 0.241 0.119 0.084 0.065 0.053 0. 045
THD 1/SW 1 L8 0.8 0.63 0.47 0.40 0.33
PEF  0.165 0.355 0.109 0.047 0.036 0.029 0.027
1/SW I 2.15 0.66 0.28 0.22 0.18 0.16
M 1 0.8 1 0.82 0.95 1
THD 0.632 0.505 0.408 0.455 0.405 0.372
1/SW 2.09 167 1.35 150 1.34 123
min.of SRF 0.241 0.116 0.084 0.064 0.052 0.045
SRF 1/SW 1.80 0.8 0.63 0.46 0.39 0.33
PEF 0.355 0.086 0.047 0.034 0.023 0.027
1/SW 315 0.52 0.28 0.21 0.14 0.16
M 1 077 091 0.91 0.92 0.91
THD 0.632 0.528 0.449 0.424 0.412 0.392
1/SW 209 1.74 1.48 140 1.36 1.29
min.of SRF 0.241 0. 117 0.086 0.064 0.052 0.045
PEF 1/SW 1.80 0.87 0.64 0.46 0.39 0.33
PEF 0.355 0.079 0.040 0.024 0.021 0.018
1/SW 2.15 0.47 0.24 0.15 0.13 0.11
SW ! square wave
1/SW : normalized of square wave
o wie WEzErt 0,91 FZollA A 23 F4 o] st
A $4obv] £EUEE ofF 43 AurlHe @
+ 3o}

. Algaold S a3

AFAuE FENE AR &5
ME 92235 d—q 29 (direct-quadrature model)

10

& AHEsie] A Fulold e

34 Hago Ng d—qF WL ofefe} et
foao=Ks  fuvw (14)
cos§  cos(6—2/3r)  cos (68+2/3n)
Ks=2/3 | sin8  sin(8-2/3x) sin (8+2/3x)
1/2 1/2 1/2
(15)



196 19894

t
0=/ wdt+8(0
0

d—qF "H3lollA Az 71F FFHo7 3l q9f
us YdAATE 05 02 F 4 Udomg A4 (5)

2 olgsiw
Vqs rst p xs/xb 0 P Xm/ﬂ)n 0
Vas 0 retp Xo/X, 0 p Xu/X,
0 p Xo/ws —or Xalws retp Xafo, —wr Xi/w,
0 wr Xalw, p Xo/w, we XeJo,  retp Xa/ws

*4 (16014 ozl F 4

r r/wb Iqr Wr X Idr
an

—wr Xn les—p Xn Lis= p X: Lot re/ o Idn+ wr % lor

(18)

olth. o174 X, & M2 Ast YA s Xw 2
Aap 2psk glolel A Xpo A ellels 3 o

£ oA dgdsh ngAel B4 A8 4R pe o)
e, 28I w,v 71E FIgE eldch 2
e AR e R Yelr] Aok Mze wa 1,
L&

Iq:Iqr+Xm/Xr Iqs (19)

Id=IdT+Xm/Xr Las (20)
= adstw A 9ok 202

IarzlqAXm/Xr Iqs (21)

Id'r: Id*Xm/Xr Ids (22)

p/ws ler=p/ws Iq_Xm/Xr p/ws Ios (23)

p/ws lar=p/ws lo—Xn/Xr p/ws las (24)
7b "o aee 4 @), @), 03 13 245 AT

3 8ol TS} abed A ELdelul el ol Al o] Abeh k4] &

118 & FIMERE #26 & 5 11 5%

L, ~=rr ws/Xr we | | 1q
P =
Id T Wr re wb/X Id
I s
+rr Xm wo. X (25)
Las
o5 EZLK;“EJ‘:]' %Ej! Ea T, §lk"<} :—l— wr L
ex sAA 94 P,
e BP:IQ Xm (Iqs lds q) (26)
1
wr:T (Te"'Tl)dt (27)
1
I)o: T (Tef Tl)dtdt (28)
b Aok Toe $5) £oag itk 2eime 4
s), @6, Q7) 2li @85 ol&sted el Alwelol

A ghet,
a2 9 = Fgul HEuA s TPWM e Alol 4] ut
4o wpehdl SRE7F #4g] WlzsolA

Fo e W

o] £5ulE Edoln] 280 PEF7} 24l H
ol e} g st AL vebdck H4A & <+
2 317] 9)sle] 2l (9-b), (1o—b)—C 1/2 ol &

Aok ¥2
po P R

3 2l g velugleon] 23109 (o), (d) 2} (e

2 g gt 28] vhelideh aRlollA] v
TPW MM 2940l 4 w7 5 Bagot 349
= 7yl HegAdeco £ulEr Aozl 54
o] Ez| Esh} 574 ojAtal wis FHul wiAlMc} &
ol $-galel, 422 Mol e 77 1A
e} Hekdog oAxgs nojFch 27 11J+ 2=

HAg7} 571‘ dul THD

4o| SRFsh PEF} #44) ol +11 %
§g oF 4 glow], ol F 19 At ANTFZ
Zoh wlebd TPWMAol4) S Eat 94
=S sledvd SRF& PEF7} 47l s
Folo} gttt &3] PEF7F #Hial
25 o4 £xlg %*35 SdE 4 Ud
RF¢} PEF+= AFH
TPWM lw € 2| %E-"“%ﬂr 2t 9t & 4
& 1



GEE 5 SEME ol YA AE: 24z s H4FY TPWM alujge sizx AH 197
| [speed rad/s , lp ibean  redif, (Rnng
f
| N ~ . .
AVAVAWAWAWA A
| P ) i / i
: [ R S A S A [
' ‘ / \ P S U AV N SN U Y N N
ti 0. 81664 ! i ! / ‘, ! ‘\ /’ ! “tnmij‘. ﬁ.[‘ilff-;e‘
Y A Pl
* :.\_,/ i v (]
' I
{a) square wave. (SW), (a) square wave. (SW)
? spesd 1ad/s Coeasitienoadet RAR
i i \ /
/ ‘ { | ’/\ | ! / | " ]
P / Y Iy oy |
[ R A ! T T
| .L,\/ \b,\f R k,_ tine .61 J : ; ’thm \ npe
|
I ‘
) TPWM. (R=3,M=11/SW=2), (b) TPWM. (R=3, M=1,1/SW=2Y)
}~P*‘i r j.clposition radsS. 86084
A RS
Loah A
, ! i | ‘ /. "\\ / 1‘"\
TR RN
o ¥ SRR
“!1 \\“
{¢) TPWM. (R=5 M=0.84, 1/SW=1). (¢ TPWM. (R=5 M=0.77,1/SW=0.5)
,Lapeed radds ,].ij;u:m«)n rad 8, S0H04
‘,‘\ L A* \ , A |
JALAR AT AR AR AN B/'\f\,AA‘j\//‘:r»'\A/\/\ m ﬁ
'RV \/ l\/ T Kl IAYARIATAS VA \/\ 3 'J T
A | Py i

y TPWM, (R=7, M=1, 1/SW=1) (dd TPWM. (R=7, M=0.91, 1/SW=0.5)
speed rod/s clpasition radefi, (G4

L AT PN WOV (T VN
T LIt AU A 7

j
YA A RS RY e i e

@

) TPWM. (R=9, M=0.82,1/SW=1) (et TPWM. (R=9, M=0.91,1/SW=0.5)
a3 9. T3slst TPWMol thal £zl 710, +F kel TPWMel a2 2 23k
Fig. 9. Speed ripple of square wave and TPWM. Fig.10. Position error of square wave and TPWM.

(1826)



198 1989F 11 E|EFIAHGRGE F 26 % £ 11 %
yJipeed radls 1S peitien rad#, RA04
M=0. 84 M=0. 84
e i0dls :{ siibion  rad#f, g
|
AL /\ / PAN | VRN LA A A
AN /\f i
.l‘,’i[\r/\]‘“‘\/ '\sr“‘.x’l d/\ ﬂl ( VI 1’\/\\!'\}\\;““1"‘\
VT UL YR T P
| i i 1 ‘,’l i RN “‘-" ‘ B \,’
¢) M=0.77 c) M=0.77
32N, TPWMo) i@ £x95 (R=5) J812, TPWMel| oigk =2z (R=5)
Fig.11. Speed ripple of TPWM. (R=5) Fig.12. Position error of TPWM, (R=5)
24
N. Z = 4alo] stalgjgl omi, THD7} # 47} == Wzx
2 =gl AFUlvig o4 TPWM 2 ot SRF$t PEF7F 247t s dazsdi 49
Aot A7alyg g olF Felo] At 72} A ot HAL A AejA S o 4 Uk =3
o AejAlzr £F}ET Qe 2R o Ao TPWMol A wb7|g Haa7t 349 wie F3a
Als ol W zol ofsl| Wl nzuiiEez wWeataucot £clsal oxeal E4Jo] Fx &
s}l o] 448 o|&3led TPWMelA] HF7|gt sl 570 o4kl Wi Py ap kAl Mo BAjo] &
BA o HE S F Hdx SRF 9349zt Tt aeln "Hagvh 77 oA wle WxE
)2 PEFY #4£3ko] gt TPWMe wWzx g 7} 0.91 2ol 4] Yozt EMo] R L& 5le £
AAslodct. =3 AFUelvlelz TEHE F=23 % 45 459k =8 TPWMel4 THD
F718 =g x e EHL FE A E4 © #Hzsst 199 714 $£ou SRFeF PEFE 19
olAdste] ¢ u} Wzl TPWMu4 o4l THD, obd ohE WazRdA HiAr HEe o4 4 9ok 2
SRF % PEF& T3t ofg3} 28 HES olgich I FEAESIY $E4] HA a7t 4l WHEzE
& =iolA ALE3 SRFe PEF7} Al E3old A ol 4] F&3te ol xMFo] a4l HER A
3 HFdolwE ol THDR e 43 73 83 Adce} F3 BEAo] sAEle] A

(1827)



EFHE S

N
Ju

AR FE AHE7Y A A
gk 220V, 34 60Hz
A 3upe, 4

a2 Ag (Re) 0. 4350

(Ry) : 0.8160

L) : 2mH

L.) : 2mH

L.) :69.3mH

T.) : 3.0Nm

(J) :0.025kg m?

L 44

2 % IR

E.P. Cornell and T.A. Lipo, “Modeling and
design of controlled current motor drive
systems,”’ JEEE Trans. IA., vol. 1A-13, pp.
321-330, Jul. 1977.

F.C. Zach, R. Martinez, S. Keplinger, and A.
Seiser, “‘Dynamically optimal switching
patterns for PWM inverter drives. (for
minimization of the torque and speed
ripple),” IEEFE Trans. IA., vol. 1A-21, no. 4,
pp. 149-158, Jul. 1984,

T.H. Chan and H. Tomita, ‘“The principle of
eliminating pulsating torque in current
source induction motor system,”’ I[IFEE
Trans. IA., vol. IA-17, no. 2, pp. 160-166,
Mar. 1981.

T.A. Lipo and E.P. Cornell, ‘‘State-variable
steady-state analysis of a controlled current
induction motor drive,” IEEE Trans. IA.,
vol. IA-11, pp. 704-712, Nov. 1975.

8]

[2]

(3]

(4]

R X & (EgR) #26%E HsS5H B8R

A AFA L WA A

0[}701-A].
[ ]
T % (F@A) ¥26% H5% 28
A ALdgz Axzas
Las

F E B

(1828)

[51

{6]

(7]

(8]

[9]

[10]

[11]

(12}

It

€ F E (EgH)

TPWM OJH{E‘IEI ‘ﬂ}_E 757‘5‘ 199

R.E. Betz, R.J. Evans and B.J. Cook,
“Optimal pulsewidth modulation for current
source inverters,” IFEE Trans. IE.,
IE-33, no. 3, pp. 318-324, Aug. 1986,

G.S. Buja and G.B. Indri, “Optimal pulse-
width modulation for feeding AC motors,”
IEEE Trans. IA., vol. 1A-13, no. 1, Jan/
Feb. 1977.

G.S. Buja, “Optimal output waveforms in
PWM inverters,” IEEE Trans. IA., vol. Ja-
16, no. 6, Nov/Dec. 1980.

S.R. Bowes and R. Bullough, ““Steady-state
performance of current fed pulse-width-
modulation inverter drives,” IEE Proc. B.
Electr. Power Appl., vol. 131, pp. 113-132,
May. 1984,

K. Taniguchi and H. Irie, ‘‘Trapezoidal
modulationg signal for three phase PWM
inverter,”” IEEE Trans. IE., vol. 1E-33, pp.
193-200, May. 1986.

S.R. Bowes and R.I. Bullough, ‘‘Optimal
PWM microprcessor contolled current-source
inverter drives,”” IEE Proceedings, vol. 135,
Pt. B, no. 2, pp. 59-75, Mar. 1988.

C. Namuduri and P.C. Sen, “Optimal
pulsewidth modulation for current source
inverters,”” IEEE Trans. IA., vol. 1A-22,
no. 6, pp . 1052-1072, Nov/Dec. 1986.

S.R. Bowes and R.I. Bullough, “Harmonic
minimization in microprocessor controlled
current fed inverter drives,” JEE Proceed-
ings, vol. 134, pt. B, no. 1, Jan. 1987.

vol.

HwE HTH BW
a4 Agdem Qgas
RS



