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START

DETECT LINE VOLTAGES (eab, ebc, eca)

v

OBTAIN CENTROID VECTORS (e2a, eZb, e2c)
ACCORDING TO VECTOR OPERATION
e2a = (eab — eca)/3
e2b = (ebc — eab)/3
e2¢c = (eca ~ ebc)/3

‘

OBTAIN (e1d, efq) FROM {e2a, e2b, e2¢)
ACCORDING TO dq-AXIS CONVERSION

!

OBTAIN SYMMETRIC COORDINATE COMPONENTS
(POSITIVE-PHASE-SEQUENCE VOLTAGE,
NEGATIVE-PHASE-SEQUENCE VOLTAGE,

ZERO-PHASE-SEQUENCE VOLTAGE)
FROM (eld, eiq)

'

PERFORM UNBALANCED VOLTAGE COMPENSATION
BY USING ZERO-PHASE-SEQUENCE VOLTAGE
(PERFORM PFC CONTROL)

'

OBTAIN PHASE VOLTAGES ela, elb, elc EACH ANGLED AT 120°

!

GENERATE CONTROL SIGNAL FOR PWM CONTROL

FIG. 3
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S41

S42

S43
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OBTAIN SYMMETRIC COORDINATE COMPONENTS
(POSITIVE-PHASE-SEQUENCE VOLTAGE,
NEGATIVE-PHASE-SEQUENCE VOLTAGE,

ZERO-PHASE-SEQUENCE VOLTAGE)
FROM (eld, etq)

OBTAIN POSITIVE-PHASE-SEQUENCE VOLTAGES (eldp, elqp)
FROM DC COMPONENT OF [eld, elq]

l

OBTAIN NEGATIVE-PHASE-SEQUENCE VOLTAGES (e1dn, elgn)
FROM AC COMPONENT OF [e1d, elq]

l

OBTAIN PHASE ¢ 10 OF ZERO-PHASE-SEQUENCE VOLTAGE elo
FROM POSITIVE-PHASE-SEQUENCE VOLTAGE [e1dp, e1gp] AND
NEGATIVE-PHASE-SEQUENCE VOLTAGE [eldn, elgn]

@ 1o = 2wts + 2tan"(elqp/eidp) + tan {elgn/eldn)

i

OBTAIN AMPLITUDE OF ZERO-PHASE-SEQUENCE VOLTAGE elo
FROM NEGATIVE-PHASE-SEQUENCE VOLTAGE [eldn, efgn]
(e1dn? + elgn?)1/2

l

OBTAIN ZERO-PHASE-SEQUENGCE VOLTAGE elo
elo = (eldn? + elgn?)/2cos(wt + ¢ 10)

FIG. 4
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ka = e ocat eko

=(eab*“*"eca)/:;"l" e ko

FIG. 5
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€. = eoat eko
Y, =(eab—eca)/3+ eko

[}
[
! e
N : la= €2t € ko
]
a: € =(eab"“E.‘ca)/3+e10
[
&y, ¢ "
235 =1
Yy €
eca : ®
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200

300

LOAD
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2d
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FIG. 8
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C POWER CONVERSION CONTROL

i«

VOLTAGE DETECTION PROGESS
(PHASE VOLTAGE, SYMMETRICAL COMPONENT)

v

SYNCHRONOQOUS SIGNAL OPERATION PROCESS

'

CURRENT DETECTION PROCESS

.

VOLTAGE CONTROL PROGCESS

Y

CURRENT CONTROL PROCESS

v

CONTROL CORRECTION PROCESS

v

S107

TERMINATE PROCESS? N
o

(v )

FIG. 9



FIG. 10A

COMPENSATION FOR VOLTAGE SAG
IS NOT PERFORMED

Tek EIITER 250 S/s
i
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Output Voltage Vi

380Vdc ;
Input Voltage O,
e J frotimten ot A : i } et
Input Voltage || ‘ : I ! A ) : '; | i i |
P SRRSO et A A R
Input Voltage e, e I ,E HIUEE' 1 |
L 3 VT R 3 '20'0'\)' M aEems ChT e
200 vV Ch4
FIG. 10B

VOLTAGE SAG COMPENSATION
IS PERFORMED

Tek 250l 575

Output Voltage v,
380vdc”

Input Voltage eiaH i | I
4=':;;;:.’:::;::::;"'fi"':'%';'--j-"!;"";""['“='
. . 5 |

it ;
Input Voltage e, 22l 4 ﬁlﬂ ;
lm ...........................
Input Voltage e, E22 | =|‘ i | i |

PR

BiE 200V

e la: 100%—50%—100%

i 300 v

TR 300V M 200ms TR A 0V
cha
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FIG. 11A
COMPENSATION FOR VOLTAGE SAG
IS NOT PERFORMED

START OF
(10A/V) VOLTA:}E SAG
Tek SGIER 2.50KkS/s # 19 Acgs ,

Outpul voltage v, :
380Vde

Input cumrent i, 1=

Input cument 1y, 24

Input aurent 1o 3N\ -/

FIG. 11B
VOLTAGE SAG COMPENSATION
IS PERFORMED

START OF
VOLTAGE SAG
(10A/V) i
Tek EGEH 2.50kS/9¢ ] 2 Acgs .

Output voltage vy, |
380Vde |

Input aurent iz 11\ -

W O ORS00 U PO AR QR DR P

Input current 1y 2f. A .

Input current 13-

.........

500V T Ch2 500V M20.0ms Ch1 7 1.6V
.00V G ha

e la: 50% @th:100% elc: 100%
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FIG. 12A

COMPENSATION FOR VOLTAGE SAG
IS NOT PERFORMED

START OF
(10A/V) VOLTAGE SAG

i
Tek 2.50kS/s v1 o] rAcgs
1 T-
i ' L a

T T T T e L S L B

QOuiput wvoltage
380Vde

Input current i, 4,1\ ;

Input aurent ib2+_;__ &

Input anvent ic3_,_'_. L f

—M20.0ms ChH1

FIG. 12B
VOLTAGE SAG COMPENSATION
IS PERFORMED START OF
(10A/V) VOLTA:EE SAG
Tek m':m 2.501(_?_/9 V[Ac?s :
Output voltage oy ! l

380Vde

Input aurent is .}/

Input aurent ib2+_'_ _

Input current 1o,

o 1a : 50%—100% otb: 100% olc: 100%
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FIG. 13A
Tek Run: SO.GKS/S’_ Sampte_t_ N
Input Voltage _ B :
Wt‘o‘o T o e T T L S TR
100 v
FIG. 13B Tek Run: 50.0k3fsr Samplevr s
Input  Curreni _ . ' I I 3 s A
COMPENSATION FOR [+~ - 1
VOLTAGE SAG IS ‘ . .
NOT PERFORMED
(20A/V)
13;;3 BTV B v T 111 7 =TT 7T R TV
hd_ 1.00 V
FIG. 13C Tek 100145/5I g‘s ACqs ]
Input Current , .... _“_.,

COMPENSATION FOR
VOLTAGE SAG IS
PERFORMED

(20A/V)

PR ey

B = S O T I A 1 TR A 7D A {0 (R

e 1a:5h0% e1b: 100% e lc: 100%



FIG. 14A
Input Voltage
FIG. 14B
Input Curmrent

COMPENSATION FOR
VOLTAGE SAG IS
NOT PERFORMED

(20A/V)
FIG. 14C
Input Current

COMPENSATION FOR
VOLTAGE SAG IS
PERFORMED

{20A/V)

Tek Run: S0. OKS/sr
L
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S:lmpieT

CHE 100V 660 V
Tek EIIEE 50.01(5/? 765 Acqs 3
o
L N Ll A
O e ; T Ty T

B AN TV W1 R
v

o 1b: 100%

—Ws.00ms TRa T

elc: 100%



UNBALANCED RATE (UBR) [%]
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INPUT CURRENT BALANCED RATE
= MINIMUM VALUE/MAXIMUM VALUE x 100(%)

1.2

0 : ' )
0 20 40 60 80 100

PHASE VOLTAGE “ela” DROP RATE [%]

—€— COMPENSATION PERFORMED
-4~ NO COMPENSATION

FIG. 15
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103
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105a
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y

105b

104¢

n

108¢

FIG. 16
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