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 Zk1,sim ∼ Zk5,sim

fobj

Iterative fitting algorithm  
           Adjusts 
according to         from last evaluation fobj

Time-domain 
waveform 

Amplitude 
Phase-shift 

          small enough?  
Finish 

fobj

Ps , Plong , Pshunt

 input  output 

Ps , Plong , Pshunt



Variac 

Phase-shift 
transformer 

Power 
analyzers 

Sec. winding 
terminals 

Pri. winding 
terminals 

     Division type 1

     Division type 2

     Division type 3

     Division type 1

GridVariac

I p

Up

Primary winding 
neutral point

WsA1 
shorted

in model

P P P



A1 A2 A3 A4 A5 B1 B2 B3 B4 B5 C5 C4 C3 C2 C1
Shorted secondary winding index

20

25

30

35

40

45

50

55

60

S
ho

rt 
ci

rc
ui

t i
m

pe
da

nc
e 

in
 O

hm

Test Sim

P

P

P

P

P

P



A2 A3 A4 A5 B1 B2 B3 B4 B5 C5 C4 C3 C2 C1
Shorted secondary winding index

0

0.5

1

1.5

2

2.5

S
ho

rt 
ci

rc
ui

t i
m

pe
da

nc
e 

in
 O

hm

Test Sim

P

P
P



A1 A2 A3 A4 A5 B1 B2 B3 B4 B5 C5 C4 C3 C2 C1
Shorted secondary winding index

11

12

13

14

15

16

17

18

19

S
ho

rt 
ci

rc
ui

t c
ur

re
nt

 in
 A

Test Sim

A1 A2 A3 A4 A5 B1 B2 B3 B4 B5 C5 C4 C3 C2 C1

Shorted secondary winding index

11

12

13

14

15

16

17

18

19

S
ho

rt
 c

irc
ui

t c
ur

re
nt

 in
 A

Test Sim

Without modeling 
the misalignment 





     Division type 2

     Division type 1 (WsA5)

     Division type 1 (WsC1)

     Division type 1 (WsA1)

     Division type 3

     Division type 1 (WsB1)

     Division type 1 (WsB5)

     Division type 1 (WsC5)

Rload

x 5

x 5

x 5

LV AC 
source

Iac



WsA1W

WsB1

WsC1



WsA5

WsB5
WsC5

A1 A2 A3 A4 A5 B1 B2 B3 B4 B5 C5 C4 C3 C2 C1
Secondary winding index

0.15

0.2

0.25

0.3

0.35

0.4

S
ec

on
da

ry
 A

C
 R

M
S

 c
ur

re
nt

 in
 A

Test
Sim





A1 A2 A3 A4 A5 B1 B2 B3 B4 B5 C5 C4 C3 C2 C1
Secondary winding index

8

9

10

11

12

13

14

15

16

17

S
ec

on
da

ry
 D

C
 R

M
S

 c
ur

re
nt

 in
 A

A1 A2 A3 A4 A5 B1 B2 B3 B4 B5 C5 C4 C3 C2 C1
Secondary winding index

8

9

10

11

12

13

14

15

16

17

S
ec

on
da

ry
 D

C
 R

M
S

 c
ur

re
nt

 in
 A







A1 A2 A3 A4 A5 B1 B2 B3 B4 B5 C5 C4 C3 C2 C1

Secondary winding index

20

25

30

35

40

45

50

55

60

65

S
ec

on
da

ry
 in

du
ct

or
 c

ur
re

nt
 in

 A
S

ec
on

da
ry

 D
C

 R
M

S
 c

ur
re

nt
 in

 A
 

A1 A2 A3 A4 A5 B1 B2 B3 B4 B5 C5 C4 C3 C2 C1
Secondary winding index

20

25

30

35

40

45

50

55

60

65

S
ec

on
da

ry
 D

C
 R

M
S

 c
ur

re
nt

 in
 A































�


