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—0.004 -0.5339 1.0755 -0.5337 -0.0033 -0.0006 -0.0001 0. 0. 0.
—0.0006 —0.0034 -0.5337 1.075 —0.5333 -0.0034 -0.0006 —0.0001 0 0.

Cro = —0.0001 -0.0005 -0.0033 -0.5333 1.0745 —0.5332 -0.0034 -0.0006 —0.0001 0.

0. —0.0001 -0.0006 -0.0034 -0.5332 1.0745 -0.5332 -0.0033 -0.0006 -0.0001
0. 0. -0.0001 -0.0006 -0.0034 -0.5332 1.075 =0.5337 -=0.0034 -0.0007
0. 0. 0. —0.0001 —0.0006 —0.0033 -0.5337 1.0754 —0.5338 —0.004
0. 0. 0. 0. =0.0001 =0.0006 =0.0034 -=0.5338 1.075 =0.5372

L O 0 0. 0. 0. —0.0001 —0.0007 -0.004 —0.5372 0.5419

.(Cus:C|s).\;M ULMS.: (\‘) u‘.“‘"l" 9 u.»\/b dl.b)l.:./.:} 4 ]oy),e L;Lmdbh qu...wblS dl.mw)ﬂn ‘O)l.ii.’;o Ja)‘).w P

l.: Cowl )gl)g nF Cun> ‘_,’.:YL\ )Lﬁ.w 090 L;Lmdbl.m L))l> u;.u).’l.o

r 0.6328 —0.5194 -0.0002 0. 0. 0. 0. 0. 0. 0. T
—0.5194 1.1008 —0.5198 -0.0002 0. 0. 0. 0. 0. 0.
—0.0002 -0.5198 1.1012 -0.5197 -0.0002 0. 0. 0. 0. 0.
0. —=0.0002 -=0.5197 1.1007 -=0.5193 -0.0002 0. 0. 0. 0.
Cus— 0. 0. =0.0002 -=0.5193 1.1004 -=0.5193 =0.0002 0. 0. 0.
’ 0. 0. 0. —0.0002 -0.5193 1.1004 —0.5193 —0.0002 0. 0.
0. 0. 0. 0. —0.0002 -0.5193 1.1006 —0.5196 -—0.0002 0.
0. 0. 0. 0. 0. —0.0002 -0.5196 1.101 —0.5196 —0.0002
0. 0. 0. 0. 0. 0. =0.0002 -=0.5196 1.1008 —=0.5194
L 0. 0. 0. 0 0. 0. 0. —0.0002 -0.5194 0.7054

Air gap= lmm

.
Center Displacement +0
d=lmm +0

)59 yexe ol Lules V-V IS

3
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Ly NF casper gCm e Llate o558 e il
Cn=[-0022 0. 0. 0. 0. 0. 0. 0. 0. 0. —0.0202 0. 0. 0. 0. 0. 0. 0. 0. 0 ]T
cr = 2.1945
e el s ol oaits olgn alold 3)lg 48 amd e Lis |y Hid (90 o3l S gelym (S Sl e 322 IS5
219 Aol o lizels 5 o ite by o uiliawllS Sl ilo i 3 v el 130 () 355 9700 bl 31 (oS

ts = 400 ns [- =10m

Method le=5ml,=10m [, =20m 3 =50ns t; =200ns t; = 600ns

Proposed model (pu) 1.18 1.37 1.63 1.86 1.80 1.10
Time-domain model (pu) [26] 1.19 1.37 1.63 1.79 1.55 1.15

JluSlss S sl el )l VY Jgar

Quantity Values

Capacitance 600 pf
Inductance 0.3 H/m
Resistance (50 Hz) 0.2mQ2/m
Diameter 20 mm
Conductor diameter 13.7 mm

Lﬁgsb‘@ ‘)«st.}s‘ w’};‘d'*"'o'*
1L Cnl ).31).3 k PV 5 ww}bl uwﬁl.o )1 P] (I‘,S) dg.‘)b

e s =1, ..,
k = FO,SR and RO

k

s T .k
s () ==k (x)=0 , K=o

S 551 s yilo dumslone (gl 0 3gamte Jols 39, il mcusl K 4l 3 ol T ola (s L3 WX (x, 1) o 2 oS

ol s cusl ond Jld (IK(x,8) = 1 pu) cugn ) jWs g K asl 3 G 6l'S (oola .l o oalial (),
o odlatwl K asls P ol (XNgn U sl Cas FEM il 00l pulal yoo Hlade a4 Al oyl slaools Ko
oeyle (AD) datly wad o ioles 1y (odla cpiy cpile gl FEM 5l oolis] b (gile and zols 31-2 S5 el

i a0

d factor method

ol

gc Hlux for acr n <.
M for the proposed machine. Relation (AS)
in pr A as:

LAUWIYIUEY UY | 00k

0.5963 0.4567 0.3691 0.307 0.2599 0.2226 0.1922 0.1669 0.1453 0.1267
0.4567 0.6022 0.4619 0.3735 0.3106
03691 04619 0.6066 0.4656 0.3765
0.307 ©0.3735 0.4656 0.6096 O0.4681

LF> = | 02226 0.2629 0.313 0.3784 0.4695

0.1267 0.1462 O.168% 0.1951 0.2265

The ind ©f the front and re:

upper and
equal (R

¥
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Bloo) ol g (oS oy (19,55 (sl 5909 58N (59l g iy drwgs 5 JUiil )b 1plgie

ol bulyd Jds & Gezes (LFO=LRO)xzun ply W Gliy iy 5 (25> (29 0l ol o ile
oS gl ey lo (LUS=LIS)sgy winlgs LSy jgibiol (b g (oYL clo)ld & bgyye (uiliS gl (glo s ylo ¢)5390

L’w]).:l).:uH o>y

 43.3835 43.3856 43.3632 43.348 43.3348 43.3223 43.3103 43.2987 43.2877 43.2776 T
43,3856 43.5953 43.6046 43.5838 43.5691 43.5562 43.544 435322 435211 43.511
43.3632 43.6046 43.8208 43.8316 43.8114 43.797 43.7843 43.7723 43.7611 43.7509
43.348 43.5838 43.8316 44.0498 44.0609 44.0411 44.0268 44.0144 44.003 43.9927
Luslg—o _ | 43-3348 43.5691 43.8114 44.0609 44.2797 44.2911 44.2715 44.2576 44.2457 44.2352
T | 43.3223 43.5562 43.797 44.0411 442911 44.51 44.5218 44.5025 44.4892 44.4782
433103 43.544 43.7843 44.0268 442715 44.5218 44.741 447531 44.7344 44.722
43.2987 43.5322 43.7723 44.0144 44.2576 44.5025 44.7531 449727 44.9854 449676
43.2877 435211 43.7611 44.003 44.2457 44.4892 44.7344 44.9854 45.2054 45.2195
L 43.2776 43.511 437509 43.9927 44.2352 444782 44.722 449676 45.2195 45.4419
i g sl e QBBL gle el V-0
Quantity Symbol Values
Capacitance Crp = Crp 5pf
Series resistance Rep = Ryp 0.65 mf2
Capacitor conductance Grp=0Gpp 10730
Conductance G} p= G;_ b neglected
 15.4339 15.4299 15.4257 15.4216 154174 15.4133 15.4093 154053 15.4015 15.398 T
15.4299 154258 15.4217 154176 154134 154093 15.4052 154013 15.3975 15.394
15.4257 15.4217 154176 15.4134 15.4093 15.4052 154011 15.3972 15.3934 15.3899
15.4216 154176 15.4134 154093 15.4051 15401 15397 15.393 15.3892 15.3857
L 154174 15.4134 154093 154051 15401 15.3969 15.3928 15.3889 15.3851 15.3816
uls =1 154133 15.4093 15.4052 15401 153969 15.3928 15.3887 15.3848 15381 15.3775
15.4093 15.4052 15.4011 15.397 15.3928 15.3887 15.3847 15.3807 15.3769 15.3734
15.4053 154013 15.3971 15.393 153889 15.3848 15.3807 15.3767 15.3729 15.3695
15.4015 15.3975 15.3933 15.3892 15.3851 15.381 15.3769 15.3729 15.3692 15.3657
L 15.398 15.394 15.3898 15.3857 15.3816 15.3774 15.3734 15.3694 15.3657 15.3622 |
Ly = [ 23.8827 23.8763 23.8699 23.8634 23.857 23.8506 23.8443 23.8381 23.8322 23.8268

23.8441,23.8377, 23.8313, 23.8248, 23.8184, 23.812, 23.8058, 23.7996, 23.7937, 23.7883]7
Ly =123.492

v
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CcircleBearing () oyl o) ol o 0> yzalb opl 5 BLL o515
Lcircle &lopls cdls j5 ool blite 5 (5395 LuiliSgu)
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% put circular=1 if your conductors are circular

% put circular=0 if your conductors are rectangular
circular=1;
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h1 V-V s

h2 V-V JSs
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R Bearing In V-V JSs
R Bearing Out V-V S
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% tedade kalaf ha
skeinnumber=1;
J3 S Sl o ol @PSIIoN e amd o ioled 1y 51 ya 13 0ld (sl BMS sluws SKeiNNUMber e
Db o 0333 yio ue olg 45 aS Wil o HBLL o ye 4 by ye DEArINGAEPth fpisen a5 0 033 565 3 1) oBLL
% bearing parameters

epsilon=1000;%% relative dielectric constant
bearingdepth=10;%% in millimeter
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YL il Jde (sols Sidgonw bl G b oot 4 (6,505 M_File & Jlgsl,6 L mutual_function »b

e 63Kl 35 1y 0T 5 090 (sl el )l 4S5 03905 sloml (S SUl 9390
mutuall_function('mymotor',prm,circular,Ccircle,Crect,Lcircle,Lrect,skeinnumber,Ccircle
Bearing,epsilon,bearingdepth);
Sl ais S 5148 salawl 5yge Aol 090 FURRVONS &b ol slasdgy9 (5 odimd ol 55l S (ol usio
:mutuall_function a8’ cw,
s & dils g3l e Bey b (Sl ygige (YL Wil )8 e cile aalsy mutuall_function b L M_file
S o Sled] 3 WOrKspace 511, (6399 cleMbl Lol 2 ol 3,15 oge 1y
function

mutuall_function(modelname,prm,circular,Ccircle,Crect,Lcircle,Lrect,skeinnumber,CcircleB
earing,epsilon,bearingdepth)

(bdains b 55 glaio L)oo £43 Gl o 6 ySUl oplo (sl yiolyl « Sidgonns 6 o Jolds s 5 4 leMbol )
liS 9l s yilo o 1> o b (g0ld puiliS gl Ly yilo ¢ udniis alado b (gl 5 o yilo )3 alado b (gl 5B s il
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if nargin ==
modelname ="'my_untitled’
end
A5 aales s MYy_untitled oS bwg ] U ail oais bl (g5l ams b1 sy oL daulis
% create and open the model
open_system(new_system(modelname));
% set default screen color
set_param(modelname,'ScreenColor','white’);
ol 08 GGl A o Ly 5 D95 g0 Al 8 et pU L L S
% Set Stop time
stoptime='0.00001"; % in second

% Set Stop time
set_param(modelname,'StopTime',stoptime);% set simulation time in second

23,5 o S (g3l dud plosl Lo

%% parameters from prm matrix
if circular==1
turns=prm(14);% number of circular turns
Cmatrix=Ccircle;
Lmatrix=Lcircle;
elseif circular==
turns=prm(15);% number of rectangular turns
Cmatrix=Crect;
Lmatrix=Lrect;
else
disp('please determine conductor type , circular or rectangular ? );
end
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strturns=numa2str(turns);%convert turns to string
slot=prm(1);
asm=prm(11);
as=prm(10);
statorRadius=prm(2);
hl=prm(5);
h2=prm(6);
Gam=prm(12);
depth=prm(4);
radius=prm(16);
widthrect=prm(22);
rect_insulator=prm(23)-prm(22);
U dguis oo b didy clls 4y (gaae clls 1 ccunl BOMS (o la ool jod dlasd (ol aS" TUINS jusio lal jiso cpl )

ol iy y dbgy e (g pusio 19,0 PIM s yilo 90 jUidyge (sl yiolylb ST ST i pr bl oolaiol |8 (gam mlg )

W3 )5 b V) isu po b psie Cpl s ye Ll
%% single turn resistance calculation
% radius and depth are in milimeter

theta=(2*pi)/slot;

theta2=asm*as*theta;

Lengthrectrad=theta-theta2;
Lengthrect=((statorRadius+h1)*Lengthrectrad)-rect_insulator;

rou=1.77e-8; % special resistance of copper (ohm.meter)
headradius=statorRadius+h1+(h2/2); %calculate radius of slots
head=(Gam*(2*pi)/slot)*headradius;
length=((head+depth)*2)*1e-3; %converted to meter
if circular==1
area=pi*(radius*radius)*1e-6; % 'radius' is inner radius of conductor in milimeter and area
is converted to meter
elseif circular==
area=pi*(Lengthrect*widthrect)*1e-6;
end

singleres=rou*length/area;
R_turn=singleres; % single turn resistance in ohm

gote maw (o0l £oi 4y diy Caol 04 dewloro Hlud (49)0 (93l | 190 S Job (pile Dl 4y g b yiSy (ol
e ) g odel Cuwd 4 (odla | dils ya Coaglie o o bl ) laodln i 4 dngi bl 003)F dwle 15 o
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% % % crate Resistance Matrix % % %
% matrix components should be string

Vel
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% R_turn=0.1;

Resistance=zeros(turns);

for g=1:turns
Resistance(q,q)=R_turn;

end

res=['[',num2str(Resistance(1,:))];

for g=2:turns

res=[res,";',num2str(Resistance(q,:))];

end

res=[res,'|'];

«Sidsonw 4 barye mly 3 ooliiwl Can o Col 0id dbu] BMS 2 (slayed Cuoglie 4 basye (gyld s Slo

ol 0045 031 yuusd (g plaw oyl S S @ g ods Jodd Aty 4 W pxite s ke
% % % crate Inductance Matrix % % %
% matrix components should be string
for i=1:turns-1
for j=i+1:turns
Lmatrix(j,i)=Lmatrix(i,j); % make Lmatrix symmetrical
end
end
L_MATRIX=[',num2str(Lmatrix(1,:))];
for g=2:turns
L_MATRIX=[L_MATRIX,";',num2str(Lmatrix(q,:))];
end
L_MATRIX=[L_MATRIX,TT;
oD oo yuutd Ay 4y 35 |y sl gl e plo (gl it (B yu yilo Lo
ol Joo 3l 5B 2 cale
Ouﬁijlém).mdl.mx,&o‘MLAJMCAL»%‘wlom&po)&umKﬁq)ﬁJ)ywbﬁboijl
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% *****P HASE A******

%% block's name
% join two strings together

RLname=[modelname,/RL1-a7;
gndcg=[modelname,'/gndCgl-a’;
labelCwr=[modelname,/rotorl-aT;

gndcap=[modelname,/Cg1-0-a7;
VoltageMeasurementl=[modelname,'/\VoltageMeasurement1-0-a'];
Scopel=[modelname,/Scopel-0-aT;
gndvml=[modelname,'/gndvm1-0-a7;
wrcap=[modelname,’/Cwrl1-0-a7;

SiwJe 53 5L 0)50 syl 1 pliS ya s yisn pl 5> il oad ooy lis —A Wgwe b A B baye sl yuio

g g Juaio 5018 & anby S5 4y Jainjge olall pU g g Jdo U 10 sl 005 yennd S g
%% multi skein
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for skein=1:skeinnumber
skeinchar=num2str(skein);
gap0=40;
skeindistance=480+((gap0+10)*turns)+60+60; %% distance between skeins
realskeindistance=(skein-1)*skeindistance;

end
BWS 3 she alols SKeINdiStance yuco .55 399 Hhaisyge sliss b BMS o oo )15 cas fOr adls
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%% Positions

% position of RL block
x1=200+realskeindistance;
y1=85;
x2=240+realskeindistance;
gap=gap0;
y2=85+(gap*turns);

%distance for adding winding turns
dist=((gap+10)*turns);

% position of grounded C block
x1cg=300+dist+60+realskeindistance;
ylcg=95;
x2cg=320+dist+60+realskeindistance;
y2cg=115;

% position of winding to rotor C block ( Cwr)
x1cwr=280+dist+realskeindistance;

ylcwr=105;

x2cwr=300+dist+realskeindistance;

y2cwr=125;

% position of VoltageMeasurement
x1VoltageMeasurement=420+dist+60+realskeindistance;
y1VoltageMeasurement=85;
x2VoltageMeasurement=440+dist+60+realskeindistance;
y2VoltageMeasurement=105;

% position of first scope
x1Scope=460+dist+60+realskeindistance;
y1Scope=85;
x2Scope=480+dist+60+realskeindistance;
y2Scope=105;

% position of gnd for voltage measurement
1R
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x1gndvm=378+dist+60+realskeindistance;
y1lgndvm=90;
x2gndvm=398+dist+60+realskeindistance;
y2gndvm=110;
Ayl CusBge @ agi b o alde claploll ady CumBge .l 0y 00l 590 (slalell Sl pluS 2 adgl cundge
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% add mutual RL block
RLnameO=strrep(RLname,'1',skeinchar);
add_block('powerlib/Elements/Mutual Inductance’,RLname0);
set_param(RLname0, position’,[x1,y1,x2,y2]);
set_param(RLname0, "TypeOfMutual’ , 'Generalized mutual
inductance',' NumberOfWindings',strturns );
set_param(RLname0, ResistanceMatrix',res,' InductanceMatrix’,L._ MATRIX);
handleRL = get_param(RLname0,'PortHandles’);
handleRL_A=handleRL; %% using for neutral point

dals o blate pwiliSgul g (6393 il gl cuolio Jolds yisw cpl il o a8ls] (uiliS gl S'oly ol ¢ yisn il )
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% add first grounded C Block
gndcapO=strrep(gndcap,'0’,skeinchar);
add_block('powerlib/Elements/Series RLC Branch',gndcap0);
set_param(gndcap0,'position’,[x1cg,ylcg,x2cg,y2cq]);
C=numa2str(Cmatrix(1,1));
set_param(gndcap0,'BranchType', 'C', 'Capacitance’ , C,'Setx0','on','Initial\Voltage','0");
handlegndcapl = get_param(gndcap0, PortHandles");

o x> handlegndcapl yuceo j» o518 slacs g cleMbl g cul sad d8lol i (pl bwgs e 4 dils o518 S'ob
Lol 045
add_line(modelname,handleRL.RConn(1),handlegndcapl.LConn(1));
Jate (S0, a1 1) ole5ds Syer 9 41 lsi o «S'sly yp sl yg 4y bgyye leMbl g add_line() &b 1 eslizul |
Cuow ) o)l yg0 4 1y (NANdIERL.RCoNN(1)) RL gy 5l cunsly oo ¥ oyl <yg0 YU 05 cdiges ylgie & 23905
A8 o Jate (handlegndcapl.LConn(l)) gndcapl <Ssb co

% add first winding to rotor C Block
wrcap0=strrep(wrcap,'0',skeinchar);
add_block('powerlib/Elements/Series RLC Branch',wrcap0);

VoA
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set_param(wrcap0, position’,[x1cwr,ylcwr,x2cwr,y2cwr]);
C=num2str(-Cmatrix(1,turns+1));

set_param(wrcap0, BranchType', 'C', 'Capacitance’, C);
handlewrcapl = get_param(wrcap0,'PortHandles');

add_line(modelname,handlewrcapl.LConn(1),handleRL.RConn(1), ‘autorouting','on’);

% add label (for Cwr)

labelCwrO=strrep(labelCwr,'1',skeinchar);

add_block('powerlib/Elements/Neutral’,labelCwr0);

set_param(labelCwrO0, position’,[x1cwr+50,ylcwr-30,x2cwr+50,y2cwr-
30],'Orientation’,'right’);

handlelabelCwr0 = get_param(labelCwr0, PortHandles');

add_line(modelname,handlelabelCwr0.LConn(1),handlewrcapl.RConn(1));

% add ground (for Cg)

gndcgO=strrep(gndcg,'1’,skeinchar);

add_block('powerlib/Elements/Ground’,gndcg0);

set_param(gndcgO, position’,[360+dist+60+realskeindistance,95,380+dist+60+realskeindist
ance,115],'Orientation’,'right’);

handlegndcg = get_param(gndcg0, PortHandles");

add_line(modelname,handlegndcg.LConn(1),handlegndcapl.RConn(1));

% add first voltage measurement block

VoltageMeasurement10=strrep(VoltageMeasurementl,'0’',skeinchar);

add_block('powerlib/Measurements/\Voltage Measurement',\VVoltageMeasurement10);

set_param(VoltageMeasurement10,'ShowName','off");

set_param(VoltageMeasurement10,'position’,[x1VoltageMeasurement,yl1VoltageMeasure
ment,x2VoltageMeasurement,y2VoltageMeasurement]);

handleVoltageMeasurementl = get_param(\VoltageMeasurement10,'PortHandles’);

% add first scope

ScopelO=strrep(Scopel,'0',skeinchar);
add_block('simulink/Commonly Used Blocks/Scope',Scope10);
set_param(Scopel0, ShowName','off");
set_param(Scopel0,'position’,[x1Scope,y1Scope,x2Scope,y2Scope]);
handleScopel = get_param(Scopel0, PortHandles');

% add first ground (for voltage measurement)

gndvm10=strrep(gndvm1,'0',skeinchar);

add_block('powerlib/Elements/Ground’,gndvm10);

set_param(gndvm10,'position’,[x1gndvm,ylgndvm,x2gndvm,y2gndvm],'Orientation’,'left’,
ShowName','off");

handlegndvm1 = get_param(gndvm10,'PortHandles’);

AR
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% create measurements connections
add_line(modelname,handleVoltageMeasurement1.Outport(1),handleScopel.Inport(1));
add_line(modelname,handleVoltageMeasurement1.LConn(1),handlegndcapl.LConn(1),
‘autorouting','on");
add_line(modelname,handlegndvm1.LConn(1),handleVVoltageMeasurement1.LConn(2));

obe p3Y SYLasl iz ed ool 003 0,33 15 Ll oy SleMbl g o 8Ll 55 505 s ol  hd S'sh aliie
Gl 485 g 50 Ll
%% for loop
for num2=2:turns
char2=num2str(humz2);
gndcap2=strrep(gndcap,charl,char2);% replace char 2 with char 1 in a string
gndcap2=strrep(gndcap2,'0',skeinchar);

end
Tesg Hgd oo Lol 39390 (S o alie LSl FOF ails )3 .13)5 8Ll ggiyn | Soby sl b o >
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%% Shift blocks
% shift Cg block
ylcg=ylcg+gap;
y2cg=y2cg+gap;
ol 04 031y i JAP=A0 ojlil 4 CF S'obs canBgo ¢ Jlio ylgic 4
for i=1:turns-1
x1cg=270+10*turns-10*(i-1)+realskeindistance;
x2cg=280+10*turns-10*(i-1)+realskeindistance;

k=1,
for j=i+1:turns

andices=[numa2str(i),numz2str(j)];%create mutual caps andices
mutualcap=[modelname,’/C',andices,'-',skeinchar,-a'];

% add mutual cap
add_block('powerlib/Elements/Series RLC Branch',mutualcap);
set_param(mutualcap, position’,[x1cg,y1lcg,x2cg,y2cq]);
C=num2str(-Cmatrix(i,j));
set_param(mutualcap,'BranchType', 'C', 'Capacitance’ , C,'Orientation’,'down’);
% set_param(mutualcap,'BranchType' , 'C', 'Capacitance’ , 'le-
6','Setx0','on’,'InitialVoltage','0");
handlemutualcap = get_param(mutualcap,'PortHandles’);

VY.
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add_line(modelname,handlemutualcap.LConn(1),handleRL.LConn(i),
‘autorouting','on");

add_line(modelname,handlemutualcap.RConn(1),handleRL.RConn(k),
‘autorouting','on");

x1cg=x1lcg+gap;
X2cg=x2cg-+gap;

k=k+1;
end

ylcg=ylcg+gap;
y2cg=y2cg+gap;

end
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%% Voltage Source and powergui placement
%blocks name
% join two strings together
powergui=[modelname,/powergui';
voltagesource=[modelname,'/voltagesource'];
Rin=[modelname,/Rin’];
sourcegnd=[modelname,'/sourcegnd';

% add blocks

% add powergui
add_block('powerlib/powergui’,powergui);
set_param(powergui, position’,[30,-60,90,-20]);

% add AC Voltage Source

add_block('powerlib/Electrical Sources/AC Voltage Source',voltagesource);
set_param(voltagesource,'position’,[0,120,20,165]);
set_param(voltagesource,’Amplitude’,'1",'Frequency’,'1000000");
handlevoltagesource = get_param(voltagesource,'PortHandles');
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% add Resistor between voltage source and Model
add_block('powerlib/Elements/Series RLC Branch',Rin);
set_param(Rin,'position’,[30,90,60,120]);
set_param(Rin, 'BranchType', 'R", 'Resistance’,'0.00001";
handleRin = get_param(Rin,' PortHandles');
At 0o BB i JB g ()8 ulS 5 U
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%% Crf , Cbf and Cbe Calculation

Crf=Cmatrix(turns+1,turns+1);

depth=prm(4);
newCecircleBearing=CcircleBearing*(epsilon)*(bearingdepth/depth);
Cbf=newCcircleBearing;

Cbe=newCcircleBearing;

il odds dpwloee BLL (gla 3l V=Y S 5 00 0old GleMbl 4y dagi b isy cpl )

% add capacitors

%add crf

rotorframecap=[modelname,"/Crf7;

add_block('powerlib/Elements/Series RLC Branch',rotorframecap);

set_param(rotorframecap,'position’,[200,-80,215,-70]);

C=num2str(Crf);

set_param(rotorframecap,'BranchType', 'C’, ‘Capacitance’,
C,'Setx0','on’,"InitialVoltage','0",'Orientation’,'down");

handleCrf = get_param(rotorframecap,'PortHandles’);

%add cbf

frontbearingcap=[modelname,/Cbf';

add_block('powerlib/Elements/Series RLC Branch',frontbearingcap);

set_param(frontbearingcap, position’,[270,-80,285,-70]);

C=num2str(Cbf);

set_param(frontbearingcap, BranchType', 'C', 'Capacitance’,
C,'Setx0','on’,'InitialVoltage','0','Orientation’,'down’);

handleCbf = get_param(frontbearingcap, PortHandles");

%add che

endbearingcap=[modelname,'/Che’];

add_block('powerlib/Elements/Series RLC Branch',endbearingcap);

set_param(endbearingcap,'position’,[300,-80,315,-70]);

C=num2str(Cbe);

set_param(endbearingcap,'BranchType', 'C’, 'Capacitance’
C,'Setx0','on’,'InitialVoltage','0",'Orientation’,'down’);
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handleCbe = get_param(endbearingcap, PortHandles');

%add rotor point

rotorlabel=[modelname,/label];
add_block('powerlib/Elements/Neutral’,rotorlabel);
set_param(rotorlabel,'position’,[180,-150,190,-140], Orientation','left");
handlerotorlabel = get_param(rotorlabel,'PortHandles");

%add ground for bearing
bearinggnd=[modelname,'/bearinggnd'];
add_block('powerlib/Elements/Ground',bearinggnd);
set_param(bearinggnd, position’,[200,-35,215,-25]);
handlebearinggnd = get_param(bearinggnd,'PortHandles’);

%add bearing ammper meter

ammper=[modelname, /ammperT;
add_block('powerlib/Measurements/Current Measurement',ammper);
set_param(ammper,'position’,[270,-165,285,-140]);

handleammper = get_param(ammper, PortHandles");

%add bearing ammper meter scope
scopebearing=[modelname,'/scopebearing’];
add_block('simulink/Commonly Used Blocks/Scope',scopebearing);
set_param(scopebearing,'position’,[340,-170,360,-145]);
handlescopebearing = get_param(scopebearing,'PortHandles');

% adding lines

add_line(modelname,handleCrf.LConn(1),handlerotorlabel.LConn(1), 'autorouting’,'on’);

add_line(modelname,handleammper.LConn(1),handlerotorlabel.LConn(1),
‘autorouting','on’);

add_line(modelname,handleCrf.RConn(1),handlebearinggnd.LConn(1), ‘autorouting’,'on’);

add_line(modelname,handleCbf.RConn(1),handleCrf.RConn(1), ‘autorouting’,'on’);

add_line(modelname,handleCbe.RConn(1),handleCbf.RConn(2));

add_line(modelname,handleCbe.LConn(1),handleCbf.LConn(1));

add_line(modelname,handleCbe.LConn(1),handleammper.RConn(1));

add_line(modelname,handleammper.Outport(1),handlescopebearing.Inport(1));

Orapd Gl 005 039381 HBUL > (655051 can oyl S g 00d Jate jgige 4 0 dusle (sl Liles
ol 0 3Ll WSl e olos Jlasl Loghas

VY



DOI: 10.30503/nripress.2020.320 Bloyl 5 ouilS'sly gy 5153909, (5358 9 > dng 5 Jlil )b lgie

FEMM 1531 05 j1 aaolawss gl yiol)ly (bl 2 9550 (YU (ilS ;8 (Sidgons Jbo oy -V-¥
g anlgs 5 JSub & Sidgaml i 3l 5 Lasmoyd 015 4l o bl

1
4 o4 g csna o
] e
J-_HJM" | S T RS
é) an 4 TIra et .:...-.-:_' - _.EI_,__EI
T
I caie —— e ——
+ A TSP
Szt )
T  aefol i
ALt . Ters-t-aw
qn_—nE
L TRl ez | BT Dem g
|
£ = £ ord oo
[ v § e -+
L PPN
| S e
{=ipe e Ml B B
T
e e B B
I — e T P s
N Ml B o B
T  aefol
[="E RS
ALt Swrs-tm
l tc-:— 4§ CI3-1§ CHENc _—1
| i g )
| S
i L e ki ——ipea
e —— =
— T
< ==
-l
A Sars s

SN g sVl S 5 Sidgmn Jia VY S
9 S jWg g bee (sWdy93 (51,35 JWg 9 Kb b > ) 9 Sy 58 (a1 f,8 V-8
Sodgomw Juo 13 S yle g 59

S il o3kl b g o3l 5138 e g 13T 0)5 e |y Kby 5B Y-V S8 (Sidgans Jio 3 Kyl (b oy 12
D9 (o oy dbgrye (3Bl gyge by Sove by 1S o)l

ymatar test - Simuink - 5
i Dere St s et e Mo
st BB GO b e B | e -o-a-
|
o n
node 10 scopebearing
ammper

a

# Crf * be# Che

o

Discrete,
o |Ts=2e-08s. i

VY



DOI: 10.30503/nripress.2020.320 Bluypl g (udlSsly (9550 sl y9i90g 2SIl ()5lid 9 (ol dnwgs 9 Jisl )b 2 lyis

=0

_I-tage Messurement

+ Eil21 4 C3+ Clafi+ Clsfi4 C1B1+ C17-14 Cla-1a *“D
AR L]
W T " f
A J cgt-ta
Rin caafi+ 414 A5+ CIBNE £27-14 £28-1a Cwlt-a
=]
-] 1 3 !
cg21a
jge Source c34/14 €35 4713 £3%-1-a Cwiz-1-a o
FR——— 1 " f
cg3ta
C45-14 C48-14 CAT1 - Cwida bt
T l il l| T 3 f
cgdta
c%sw cEi7-1¢ C58-1-8 Cwdta
H " P
| LA T 3 !
Cgbta
* 'I**ml“‘ Gwb-1-a
] " S
I 1L 4 K
[] i cg8ta
fo | e ]
— " d
cat-ta
Cwi7-1-a
=T
4
‘ i Cpaa
ROT-8 Cwig-1-a

T
rY —{ >
wh 3 ERpd Edd -+ Clefit ST+ Cl8tb ™
] k i
I ' Cgl-1b
. — e e Ca
caht tdhd ¢y ¢eh Y ¢or1d f2man Cort1s
=it
M AL !
' Cg2-1b
c c best
T3 4 C235 & F-14 ¢P-1-0 Cwr21-b
——d{\‘_—'—
t 3
- - ~ Coa-tb
CaB-1% C4B-14 C47-13 Ti-fb Cwiab
——dlf‘—'_'_
1 Coatb
CE-1 4 CHf-14 CE-1b Cwratn -
——dlf‘—'i
\ 4
CHr-f % CE8-f-b Cwrs1-0 e
- PP oy il
" f
' Cee-1-b
% o Cwie1-o =
n - P =l
H J" I
Cgr-t-b
CwAb
PO =l
— ft
it -
Cgé-1-b
LTS Cwigtb

T
I d
Bl 4 G+ Eleli4 CIEf 4+ GBI+ CIT14 Cl21c
o q
[
o o
+ Cp 4 $3)+ O3+ 26 4 £27-14 f2-1c
o o
T
L
+ €344 C35) 4 L1+ £F7-1 4 £
!
s
L
# C45-14 C46-14 C47-1% CP-[l-c
o
i
+ CEB-14 CHI-14 CEe-1-c
q
L
CEF + CEE [l
k
C7E-f-
RLT-C Cwrg-1-c

C 5l (Sidgopw Jao V=5 IS

ARIA



DOI: 10.30503/nripress.2020.320 Bloyl 5 ouilS'sly gy 5153909, (5358 9 > dng 5 Jlil )b lgie

.4.,_‘|‘,‘hlv]- l\,, ‘_‘ii“\j il “ i “ J_‘” }l }nx.j “ J‘l“ | “ V‘F;. “ -’.] '

(S k) GBBL by V-A S
L(. QU‘J‘ ,b: Se ogige Jlay > PWM by 51y 6 Jlasl J) (236 cilisee slajgd o dbxl 5Ly w5l
s (gl yed SUg pmicman g A & Coms ilisee blE g g 39 oo Jlas! 56 4w Jao JUseys 4y 100KHZ 1S )3

10l pawy ;oded A Cond
=

i

ﬂd

i

o1d oS5 b (BUL by V-1 S

|

VWV



DOI: 10.30503/nripress.2020.320 Bloyl 5 ouilS'sly gy 5153909, (5358 9 > dng 5 Jlil )b lgie

I LEELLLEELL]

"R RREE R R

O3 9 Jol adls oo SWg V=Y - JSS

\H||'|‘-“vuw HWHW] y MWWwmuwﬂ g WHHM
M H‘ 1l W\\\W ’MW“HW Bl AU b | HW |

T ST 1t
e il

i \u|\m\H‘.4M4“\. ]I ‘ il .anl‘”.thMh\‘”\m.‘u\.ﬁ T
B A L I L

IR L il

01

SRR AN RN
| i

T ——

—
-

N ———
I e ——

—_
-
-

——

VWY



DOI: 10.30503/nripress.2020.320

Blooy ol 5 (oSl (19, (lnygi 509l (5 59id g 2l anwgs g Jl 2 )b 2 lgie

Owe) 5 pgd 4l e SUlg V-IY IS

”

o2s] [

MR
Ll L

‘W'”w [Ml’\‘” ‘\r\‘
(il ”W‘ll Al

Ll ‘.L\‘J”.H.ﬂ \‘H \‘ \
WIJ\‘M I‘ H.VH‘.L‘L‘ i
VMnHMH\‘.Ih\ |

I

bl
T ——

\‘I i \“ il

A

it

e

ul

il

po 9 pg> ddl> (e SWy V-V JSU3

005 9 pow Al le 5Ly VYD JSS

VA



DOI: 10.30503/nripress.2020.320 Bloyl 5 ouilS'sly gy 5153909, (5358 9 > dng 5 Jlil )b lgie

P)LQ% 9 P dals O )U5 V-\5 wa;

It M il
|
-

Tl AL B I

| | 1T H\““TW’W‘IH I HI“ i | Il '|\H\“‘|“HTHUH'\ l ‘ \H it

AR iy H“ “H‘u\““h”\ A il ‘I |\MUJ|{|HUM‘ |“ (A

B kel " Vi

ARR



DOI: 10.30503/nripress.2020.320 Bloyl 5 ouilS'sly gy 5153909, (5358 9 > dng 5 Jlil )b lgie

Sz 5o W 5y CleiS e @jer Canl oad JSi TV SS £ o il AL oad @jgr slajiell )l e o
A3 o &y ol o dals

Wbl LB G bawg (939)5 SIS Al 0ad (5l ooly 0 gy sladils bhwgs badls e blite il gl
25 @l DS 03 ioled (295 plgis 4 5 ddls o 5l les A PWM L Les (ully Sl o o8 il 0ad JiSits
g (o Jolb (9395 g bl S 3T L

g Mhes Rl Cud 4 ails a3 Sy (dede 35 S pudb) Wb (B 93909 b B Olej a2y (I
ar il Cuwd 4y AL i 5 loj el b 3T Sl Wlsie o] S 0950 plsl sy (31508 L Sy o8
&I B D edee Sl g e ) Sy Cllegs g 09 o0 pim e Zoe A Slyml WS 0 by BRI 15 (o
Dyd e i 1S pé S

Ddse Sl gm0 Wy Glugi 9 398 e § CEISG 8 Sy @i adie )5 dllsya ulSgul 4 (o
oS 9l g )98 Jlate 3l 0gd e @i § CIESy JSS 4 Sy 0gd e 15,5 adls Llie il gl 4y e ¢ Jlhe 5
WS g ()L o Cal 5 ISl (b2 sl 09 Jitin S gl dop cpl by ST Cunglie ()b 2 Sl e 5 Wl e
b ol 3l (i S oo <8 o laSy Ca 3 ladils (glagl o aSST s 4y sl 55 il dils x> (g9, 5Wg 1
ol s w3 iy csloadle 3 1 W5 o8 5,1 SidysS lite iS5 o b 51 395 () iy (sl
sl bado SWy CEIESH @i sl el

9 3 555 My el 35,5 CL 05 o) s w55 2 ogede Sl Jgl g adls )3 CL o5 4 ails 56 (2
5y @555 23 (o5 U el (e 4y dils 3 ) jiSa g8 oy il 4y ails B 4SST s 4005 o il (¢ 4il
Slgs oo dil @y adls 56 15 391 0 Ao SWy CEESy @ieh ol cnl 092 55 Hloas il 4 alls (18 ST
23,5 (o0 Wy @95 )3 yrde (BIPSy el 5,5 aidle & ddls 6 cplplh sy Jlisl iy adls 4, 5Wy

S 035 @285 S yiel )y & g Wl S Gl S alon SWg 558 s 3 PWM (gl lly 4 57 e
ol glasio b Wby polie ))ST 51 U sl Slies wo Jud 4 5Wg dleld a5 cglas opl b oyl
g maw oo jWy 0599 i -7-Y

351y Jlade oy yud (b3 (slosl 4 Sod5) Jol 590 50 5y dgu o0 @98 CIESs e IS 4 gy aw 53 Wy (A
(Jo> ol 4 g sl Soi sl 2959 Il Sy QLS 4 casl T onpy ol s b SRRl oim (sl 5
gl o 2l adls 69y Sy g bl el fpmej 4 adls sla
\Y-



DOI: 10.30503/nripress.2020.320 Bluypl g (udlSsly (9550 sl y9i90g 2SIl ()5lid 9 (ol dnwgs 9 Jisl )b 2 lyis

Ol 98 5 ey Eee e (Jol 990 0 x3U S s @ g o Jae w4 by SWy & Slej (¢
sk LS5 wglite j3 sbplej b by g 5Wy @iy oraed Alie (ol i 5 CSleS (idy sl pew iUy
26 a Gl 3 ploj ggige 5 Sgnl ol hisb buly LIS Gle 3 sl 03l J15 )y 3550 1) 5590 5 5)enl Gl
5 (035 5 55 Lll)ogd e a8 5 oloj dzym .l gl ils > b (i ol e g 2 SWy i p Sl
ol 31 e 35 0 o] Sllags 5 3 oo (e 9o 553 Jsl 4l ol

w3 o &) 9990 Jiwe s 3 Slug Uy Lol S S (o Jate w4y y9550 9 gkl ok P S6 &5 S (2
ol S (g5l e ol 003 o3l inles 232 S )3 48 polailen c1m3 e ol 3l bnguss o o |y Wl oo il &S
56y oo Sl gt )b 4 Ul g mam 53 Sy s S Syl yg590 4 sl JLasl Sl g ST 3929 L 57
WS (03 Iy 0k a3l g slayg

S gy )l (S B Jsbo 42 55 o] (uilS8 g 290 ol @ e 10 SWg oy el Jlio i Slusgi SU5(0
las Jlozsl Gl g (le Candg 00 5o el Sl )9 ) 5Wg plugi g ol a8 lugs (W58 il 5 b

20,5 0

W



DOI: 10.30503/nripress.2020.320 Bluypl g (udlSsly (9550 sl y9i90g 2SIl ()5lid 9 (ol dnwgs 9 Jisl )b 2 lyis

S5 4ol
e igpel ) 0 KW B (laglgi g bas Cuans (63923 Slogusy o550 ool L PWM Jae b (gl e 5l o0lizs
$x5)8 & by & xS g ISl g (GGl Bpas > gldaaMe JB cdpin el VL g (45 20l
Gl 005 puxite s o (sl2dS 00
299 (S5l (S8 L PWM (glaJae bawsg g S o> oloj b 3Wg slapudly ooj)lS 5l (oamy o @
9 YU, uils)8 51 ol @l Bl pan Gudivs opl jd Ned e Jite (Yo a8 sla bl 3 (YL 4 V-KHZ
b ke B oo Y5k
byl coly 5yl aix bV KHZ (gla S 3 )5 (aie J 5yme) Ol 5 Sy omablitog iUl Sladinis @
5255 Sl b e Y slog) el | pboliiog g MBI ) 355 o (EMI) olino xS0l csMs s
s 2990 )8 Sg Sl S )3 JolS ©jgo 4 p9d9e (nl Ngd e slozen (g Sl slaolSins 5>
il o Al panasd A S g ad )3 )8
el b (e slad jlsliwl 4 an g3l g oo 33555 g VgV i £55 by slacSKigoyl ¢ Joo dy Juaio a3 )5 @
O 038 45D & ol 35 jWy SeShge)le 4 bgye THD IS (Sigeloglrgel oy jlxe e
2 &S 3y o)l salius 4 b Jgob (2alS ) THD (lgioe ks Jlb s gl pled jl ookl L 2900
Jsdee |y p5¥ s w8l oo 3l Y 5)Shos L PWM Jaie b boaS oo 5 o pilid ol plojon (505,54 plSin
Sl
Sl ony W & asb Lo o Jobo 51 5Vsb Jise 9 59390 o lawly 508 JIS Jobo 45 3y90p0 @
Gy b gge o Canl B 1 (Blae b ply (Sl Jsbo 9500 LIS slil 565 2y 93 9990 (saibly U U4
g b cnl ol (b (1, =1y —ops) T 5y 35 (e pgw o ploj e 3 495 ey il Loy
9y 22 3Wg ol ol J) (26 L iy 95 )5ise (S Bale 4 (L) sl el Wl o 0L g g
gl > o Glon Jsb i 2t Gla S Jobo 5o ity Lol ) g0 sl gitinl apms S oyl
b GRS gl G )3 Gl Sl yld b Hgige Cuows sl yilid
D5 ge LS e 592 (SEIT TUNNING) eyl caas 555 Slibos ploxl 5l wlo 5Wy slagully 365 loj Rl @
oekais |y &S o (sl caly Sy Jlos) bl g 008 bl 4 1o 1 ()3 o s shil )3 soulaid 398 Slilos
D)3 392y yuime (5)l5 (SBdS xe plad )d Wg) ol S 0
2oV 2 oS (Bluw & a2 L3950 y5ul S 20 ¥ )sise cloailly Wy PWM (lacSiss jl pam > @
oy il 55l 5y ply ¥ B 1, a3y a5l iyl lyise (ol il g0y slaisbg, bags 45 o3>
250 g8 ol 2 ol jee g (s Sl zSUl by bl el (ae JIg) S ynie b SWy slagdy @
b ol )3 25905 02latsl 04l 55 o L ygige YL (uilS B e Il (il b iy Jloss (gl 25 0
Ol Syt s gadlye aieh bl pam 5 il (85 b Mo 5l gewd 5 dle o BBL
5 0ab baads losiledly lr 3 Shes gle Gl ol wgde S sgiliul (b Gl gaeh o U gl
las o Wl 390 gm0 5 (slalanMo L5 5y 5 o BUL )3 1) (a2s JB Gl Gizpen

1 Residual Current
VYWY



DOI: 10.30503/nripress.2020.320 Bluypl g (udlSsly (9550 sl y9i90g 2SIl ()5lid 9 (ol dnwgs 9 Jisl )b 2 lyis

sgme Wy ol el )3 2905 o3litnl S ptihe b (gl poygianils b Lo SWI Il o (5 b 22 (6l
S BB Gte (SYeb 355 (e sl Sliaras cnl Sl edlatwl adl il (o G2 55 EBLL (L
RV FN]

g ¥ b0 o 5y pl e Giloglie g Sl 13) 18l Home 59 Wy b cunlite b BUL (b
D Gl D903 (S gl (03b 390 Ul BLL oly3 5l lei e cdg Y B Y dgas a5y ol galS b (ol
S5 4 b Wl oo 9o Sy Al oo el (190 gy YHM b Y (le s b & o L
25l S gdimes YLl oo 13 g gl (5950 bazee Job 1 (538 oSS L) (631,68 bbb (slaed)g
D9 03> il 1505 slaghy) bwsi b

—8%9y9 S JiSew 5 b Sute PWM  Jase 51 (236 I3l (3905 B3k yy (sl 35250 slasbgy 99500 5t
3 oAb Mo Ao JUSiw (45 (qwgiom) JS5 pos (nl b g S35 (awgiow S5 4 B Jae (295
g e Byl SV lBIESu (gaia g odomy (JS Sl )sSll 6 xS 4 Cad 4 b J e cunle
o3y Lol pual 32y 4 cusly 4 2950 Sl ()il Wy pjg ige Supod o )i VAL U o,
P9d e (e NS gl sladils > logase S

Ol S gl e hlde 13 298 0 5 319y 8 Sy @8 bl BRIl (e & adls (1 L il gl a e
it dpdo Sy CEI6SH mis sl hlie (jB L laadls

B il o 0nd i (sl el b ol 53 ubolize (lase 5IUT car FEMM L oss asigs JJ3381 p 3 1 oozl L
i oltwd

Sty 35 o) CBge dy 8Ly L0300 il S sla Shag 4 /D5 4 01 g5 sla el S A5 e o @l
2,

i )l bawg (slaadls I 1S5 sl Jled slooylgd & Sud5 slaadls 4 bgiye slagiB ol 30
O (S adls lo aold @ adals lo 56 o bl il gl

10)5 golae 0 Sldde ygige VL (il 8 (iludse gl

(LCM) 03,58 polic b Jolrolie Jso
(NLCM) (com N o3psd Jolse lse
(DPEC) oui pjgs syl b Joleo Hlo
(MTL) o sz Jlasl b3 3,

g 4l Jade cpyiin MTL  Glasle g sl odd (gl e OIS 5 (oola g9 o &Sl > @
s FOIM (orn oo €999 2 silodie sl (amlio 6 4235 bl nl onlple s (oolo S 5 il S, o
Lwa YU cds L Random

o oy 4wl e FOrmwound gg 5 s o aoola  wiia 156 Random wound slacdMs™ 5 ogMe
FOrm gg5 (ojlo e sl 435 o yiee MTL cplplo sl (ahad 001,8 6 MTL (cla ol daslns ez 4> ¢ 3945
<l RANdOM  (¢ly 4555 oy 00 DPEC &5 Jbs 5 !

WY



DOI: 10.30503/nripress.2020.320 Bluypl g (udlSsly (9550 sl y9i90g 2SIl ()5lid 9 (ol dnwgs 9 Jisl )b 2 lyis

el 5 MTL 5 DPEC ;5 501 ol el bty sl plosl B o1 Jie 009 Lige b B (g9, 5 qujs b0
‘u’l)’t" .JJ)‘JJ uiwu G Lg)‘L»J.Lo L (J)Mwo 4> uLP) CMC 9 EMI ‘ul.ebl; ULP P} )U9 )JLT A

455 41, DPEC s MTL gl 1 55 Jod L6 sl 1l o NLCM 4 LCM

Cols g A e g b ddls a8 o Caaglio g i 518 il (sl yzal )l o500 cawts sl 3 1580 o5 LL 5

el Cawd 4 )z yd 4 oo L yile g As sy FEMM L

Ccircle o)l odd 03> ialed 5939, b lacooln g lacodla o bliie g (6395 i uayile cpl )
(sl ol o). dib o 5559y bgayo o] g 9 o
CcircleBearing () ol ) ol oad 0,85 yialb ol y3 HBLL 55
Lcircle Sloph a3l oola y blite g (5395 kSl
Crect O.,)>T Gl 045 o3> Ol yoigy bl oola g o odla o blite 5 (365 5B Lyl Q,{I 5
(Oteds cdb)adle y539) Loy ol g 5 o
CrectBearing (it <) sl 2ib 035 o)y oyl 55 BBL 51
Lrect

o b )3 ool oy Jlie 5 9395 LusliS 5]

Cowds BUL b y> g cad 5y oige gun paw Blte (slayed (59 00d mel Sy i Sidgaumw dolip b g

ol

WY



DOI: 10.30503/nripress.2020.320 Bluypl g (udlSsly (9550 sl y9i90g 2SIl ()5lid 9 (ol dnwgs 9 Jisl )b 2 lyis

Bl g 2l

[1] Mukherjee, R., Patra, A., Banerjee, S.: ‘Impact of a frequency modulated pulse width
modulation (PWM) switching converter on the input power system quality’, IEEE Trans.
Power Electron., 2010, 25, (6), pp. 1450-1459.

[2] Ahola, J., Sarkimaki, V., Muetze, A., et al.: ‘Radio-frequency-based detection of
electrical discharge machining bearing currents’, IET Electr. Power Appl., 2011, 5, (4), pp.
386-392.

[3] Lvovich, V.F., Smiechowski, M.F.: ‘Impedance characterization of industrial lubricants’,
Electrochim. Acta, 2006, 51, (8), pp. 1487-1496.

[4] Abbasi, A., Nazarzadeh, J.: ‘A traveling-wave model of electric machines with
eccentricity for shaft voltage analysis’, J. Electromagn. Waves Appl., 2014, 28, (18), pp. 2290-
2307.

[5] DeVivo, B., Lamberti, P., Tucci, V., et al.: ‘Simulation of the bearing voltage in an
inverter-FED induction motor by a full three phase multi conductor transmission line model’,
Prog. Electromagn. Res. B, 2013, 46, pp. 233-250.

[6] Link, P.J.: “Minimizing electric bearing currents in ASD systems’, IEEE Ind. Appl. Mag.,

1999, 5, (4), pp. 55-66.

[7] Muetze, A.: ‘Thousands of hits: on inverter-induced bearing currents, related work, and
the literature’, Elektrotech. Inf.tech., 2011, 128, (11-12), pp. 382-388.

[8] Alger, P., Samson, H.: ‘Shaft currents in electric machines’, Trans. Am. Inst. Electr.

Eng., 1924, 43, pp. 235-245.

[9] Torlay, J., Foggia, A., Corenwinder, C., et al.: ‘Analysis of shaft voltages and circulating
currents in the parallel-connected windings in large synchronous generators’, Electr. Power
Compon. Syst., 2002, 30, (2), pp. 135-149.

[10] Schiferl, R.F., Melfi, M.J., Wang, J.S.: ‘Inverter driven induction motor bearing current
solutions’. Industry Applications Society 49th Annual Petroleum and Chemical Industry Conf.,
2002, pp. 67-75.

[11] Ammann, C., Reichert, K., Joho, R., et al.: ‘Shaft voltages in generators with static
excitation systems-problems and solution’, IEEE Trans. Energy Convers., 1988, 3, (2), pp. 409—
4109.

[12] Nippes, P.I.: ‘Early warning of developing problems in rotating Machinery as provided
by monitoring shaft voltages and grounding currents’, IEEE Trans.Energy Convers., 2004, 19,

(2), pp. 340-345.

[13] Chen, S., Lipo, T.A., Fitzgerald, D.: ‘Modeling of motor bearing currents in PWM
inverter drives’, IEEE Trans. Ind. Appl., 1996, 32, (6), pp. 1365-1370.

[14] Bell, S., Cookson, T.J., Cope, S.A., et al.: ‘Experience with variable frequency drives
and motor bearing reliability’, IEEE Trans. Ind. Appl., 2001, pp. 1438-1446.

[15] Dahl, D., Sosnowski, D., Schlegel, D., et al.: ‘Gear up your bearings’, IEEE Ind. Appl.
Mag., 2008, 14, (4), pp. 45-53.

[16] Tavner, P.J.: ‘Review of condition monitoring of rotating electrical machines’,IET
Electr. Power Appl., 2008, 2, (4), pp. 215-247.

[17] Ferreira, F., Pereirinha, P., de Almeida, A.: ‘Study on the bearing currents activity in
cage induction motors using finite-clement method’. Proc. 17th Int.Conf. Electric Machine,
September 2006.

Wo



DOI: 10.30503/nripress.2020.320 Bluypl g (udlSsly (9550 sl y9i90g 2SIl ()5lid 9 (ol dnwgs 9 Jisl )b 2 lyis

[18] Ferreira, F., Baoming, G., de Almeida, A.: ‘Reliability and operation of high efficiency
induction motors’. IEEE/TAS 51st Industrial Commercial Power Systems Technical Conf., May
2015, pp. 1-13.

[19] Ferreira, F., Cistelecan, M.V., de Almeida, A.: ‘Evaluation of slot-embedded partial
electrostatic shield for high-frequency bearing current mitigation in inverter-fed induction
motors’, IEEE Trans. Energy Convers., 2012, 27,pp. 382-390.

[20] Chen, S., Lipo, T.A.: ‘Bearing currents and shaft voltages of an induction motor under
hard-and soft-switching inverter excitation’, IEEE Trans. Ind.Appl., 1998, 34, (5), pp. 1042—
1048.

[21] Wang, F.: ‘Motor shaft voltages and bearing currents and their reduction inmultilevel
medium-voltage PWM voltage-source-inverter drive applications’,JEEE Trans. Ind. Appl.,
2000, 36, (5), pp. 1336-1341.

[22] Busse, D., Erdman, J., Kerkman, R., et al.: ‘System electrical parameters and their
effects on bearing currents’, IEEE Trans. Ind. Appl., 1997, 33, (2), pp.577.584.

[23] Maki-Ontto, P.: ‘Modeling and reduction of shaft voltages in AC motors fed by
frequency converters’. PhD thesis, Helsinki University of Technology, 2006.

[24] Binder, A., Muetze, A.: ‘Scaling effects of inverter-induced bearing currents in AC
machines’, IEEE Trans. Ind. Appl., 2008, 44, (3), pp. 769—776.

[25] Muetze, A., Binder, A.: ‘Calculation of motor capacitances for prediction of the voltage
across the bearings in machines of inverter-based drive systems’,IEEE Trans. Ind. Appl., 2007,
43, (3), pp. 665-672.

[26] Ollila, J., Hammar, T., lisakkala, J., et al.: ‘A new reason for bearing current damages
in variable speed AC drives’. European Conf. on Power Electronics and Applications, 1997,
vol. 2, pp. 2-539.

[27] Maki-Ontto, P., Luomi, J.: ‘Induction motor model for the analysis of capacitive and
induced shaft voltages’. IEEE Int. Conf. Electric Machines and Drives, May 2005, pp. 1653—
1660.

[28] Muetze, A., Binder, A.: ‘Calculation of circulating bearing currents in machines of
inverter-based drive systems’, IEEE Trans. Ind. Electron., 2007, 54, (2), pp. 932-938.

[29] Magdun, O., Binder, A.: ‘High-frequency induction machine modelling for common
mode current and bearing voltage calculation’, IEEE Trans. Ind. Appl., 2014, 50, (3), pp. 1780—
1790.

[30] Boglietti, A., ‘An Accurate Induction Motor High-frequency Model for
Electromagnetic Compatibility Analysis’, 2001 pp. 116-122.

[31] Kelin, J., Georg, B., Enohnyaket, M., et al.: ‘Modelling an AC motor with high accuracy
in a wide frequency range’, IET Electr. Power Appl., 2013, 7, pp. 116-122.

[32] Yingzhe Wu, Chuang B., 'High-frequency modelling of permanent magnet synchronous
motor with star connection; IET Electr. Power Appl., 2018, 7, pp. 539-546.

[33] Vidmar, G, Miljavec, D, 'A universal high-frequency three phase electronic motor
model suitable for the delta and star winding connections' IEEE Trans. Power Electron., 2015,
pp. 4365-4376.

[34] Mukherjee, R., Patra, A., Banerjee, S.: ‘Impact of a frequency modulated pulse width
modulation (PWM) switching converter on the input power system quality’, IEEE Trans.
Power Electron., 2010, 25, (6), pp. 1450-1459.

VY&



DOI: 10.30503/nripress.2020.320 Bluypl g (udlSsly (9550 sl y9i90g 2SIl ()5lid 9 (ol dnwgs 9 Jisl )b 2 lyis

[35] Ahola, J., Sarkimaki, V., Muetze, A., et al.: ‘Radio-frequency-based detection of
electrical discharge machining bearing currents’, IET Electr. Power Appl., 2011, 5, (4), pp.
386-392.

[36] Lvovich, V.F., Smiechowski, M.F.: ‘Impedance characterization of industrial
lubricants’, Electrochim. Acta, 2006, 51, (8), pp. 1487-1496.

[37] Abbasi, A., Nazarzadeh, J.: ‘A traveling-wave model of electric machines with
eccentricity for shaft voltage analysis’, J. Electromagn. Waves Appl., 2014, 28, (18), pp. 2290-
2307.

[38] DeVivo, B., Lamberti, P., Tucci, V., et al.: ‘Simulation of the bearing voltage in an
inverter-FED induction motor by a full three phase multi conductor transmission line model’,
Prog. Electromagn. Res. B, 2013, 46, pp. 233-250.

[39] Magdun, O., Binder, A.: ‘High-frequency induction machine modelling for common
mode current and bearing voltage calculation’, IEEE Trans. Ind. Appl., 2014, 50, (3), pp. 1780—
1790.

[40] Boglietti, A., ‘An Accurate Induction Motor High-frequency Model for
Electromagnetic Compatibility Analysis’, 2001 pp. 116-122.

[41] Kelin, J., Georg, B., Enohnyaket, M., et al.: ‘Modelling an AC motor with high accuracy
in a wide frequency range’, IET Electr. Power Appl., 2013, 7, pp. 116-122.

[42] Yingzhe Wu, Chuang B., 'High-frequency modelling of permanent magnet
synchronous motor with star connection; IET Electr. Power Appl., 2018, 7, pp. 539-546.

[43] Vidmar, G, Miljavec, D, 'A universal high-frequency three phase electronic motor
model suitable for the delta and star winding connections' IEEE Trans. Power Electron., 2015,
pp. 4365-4376.

[44] Zare F. Practical approach to model electric motors for Appl. 2010;4:727—738.

[45] McLaren PG, Oraee H. Multi conductor transmission-line model for the line-end coil
of large ac machines. IEE Proc. B (Elec. Power Appl.). 1985;132:149-155.

[46] Wang L, Ho CNM, Canales F, Jatskevich J. High-frequency modeling of the long-cable-
fed induction motor drive system using TLM approach for predicting over voltage transients.
IEEE Trans. Power Elec. 2010; 25:2653-2664.

[47] Vivo BD, Tucci V, Petrarca C. Simulation of the bearing voltage in an inverter-fed
induction motor by a full three phase multi conductor transmission line model. Prog.
Electromagn. Res.B. 2013; 46:233-250.

[48] Wedepohl LM, Nguyen HV, Irwin GD. Frequency dependent transformation matrices
for untransposed transmission lines using Newton-Raphson method. IEEE Trans. Power
Syst.1996; 11:1538-1546.

[49] ALEXANDER L.J., ORITI G., LIPO T.A.: ‘Elimination of commonmode voltage in
three-phase sinusoidal power converters’,IEEE Trans. Power Electron., 1999, 14, (5), pp. 982—
989.

[50] MEI C., BALDA J.C., WAITE W.P., CARR K.: ‘Minimization and cancellation of
common-mode currents, shaft voltages and bearing currents for induction motor drives’. IEEE
34th Annual, PESC’03, 2003.

[51] HAVAM.A., UNE.: ‘Performance analysis ofreduced commonmode voltage PWM
methods and comparison with standard PWM methods for three-phase voltage-source
inverters’,IEEE Trans. Power Electron., 2009, 24, (1), pp. 241-252.

WY



DOI: 10.30503/nripress.2020.320 Bluypl g (udlSsly (9550 sl y9i90g 2SIl ()5lid 9 (ol dnwgs 9 Jisl )b 2 lyis

[52] MOHAN M.R., HIRALAL M.S.: ‘Five-level diode clamped inverter to eliminate
common mode voltage and reduce dv/dt in medium voltage rating induction motor drives’,
IEEE Trans. Power Electron., 2008, 23, (4), pp. 1598-1607.

[53] SKIBINSKI G.L., KERKMAN R.J., SCHLEGEL .D.: ‘EMI emissions of modern
PWM AC drives’, IEEE Ind. Appl. Mag., 1999, 5, pp. 47-80.

[54] MIRAFZAL B., SKIBINSKI G.L., TALLAM R.M.: ‘Determination of parameters in
the universal induction motor model’, IEEE Trans. Ind. Appl., 2007, 45, (1), pp. 1207-1216.

[55] BOGLIETTI A., CARPANETO E.: ‘An accurate high frequency model of AC PWM
drive systems for EMC analysis’. 36th IAS Annual Meeting, Conf. Record 2001 IEEE Industry
Applications Conf., 2001, vol. 2, pp. 1111-1117.

[56] ZARE F.: ‘A high frequency modelling of electric motors for fast switching
applications’. Tenth European Conf. on Power Electronics and Applications, September 2003.

[57] CONSOLI G.O., TESTA A., JULIAN A.L.: ‘Induction motor modelling for common
mode and differential mode emission evaluation’. 31st IAS Annual Meeting, Industry
Applications Conf., 1996, vol. 1, pp. 595-599.

[58] MUETZE A., BINDER A.: ‘Techniques for measurement of parameters related to
inverter-induced bearing currents’,IEEE Trans. Ind. Appl., 2007, 43, (5), pp. 1274-1283.

[59] LAIJ.S., HUANG X., CHEN S., NEHL T.W.: ‘EMI characterization and simulation
with parasitic models for a low-voltage high-current AC motor drive’, IEEE Trans. Ind. Appl.,
2004, 40, (1), pp. 178-185.

WA



