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NEO NMPOBAHMA YTO FEMM e

Problem Type Planar

File Edit View Problem Gnd Operation Prope

> cun

Open... Cirle O Frequency (Hz) |0
Close Depth 1

Length Units Centimeters

Save Ctrl+5 Solver Predsion

Min Angle
AC Solver

Save As...

Create a new problem _ _
F Previous Solution

Magnetics Problem —Comment

HON
N’

Add comments here.

| ‘ I Cancel

Froblem




2XEAIALH TQN
KOMBQN
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EIYAFQIH OPIAKHY EMIOANEIYL KAl METATOTIZH
AIATAZHY (1)

Arc segment properties

Enter Point Arc Angle

x-coord Max. segment,
Degrees

Move

Boundary cond.
¥ . i Rotation

_ Angular shift, degrees I 0
N - About point |0 0
Enter Point w ‘ / po I I
x-coord {* Translation

Horizontal shift I 6.3
Vertical shift I 0
I a

Mumber of copies:

rm Cancel



FIFAFQMH
oG
EMIDANEIY KA
METATOMIZH
AIATAZHY (2)




ERATQIMH YAIKQN AIMO THN BIBAIO©HKH
YAIKOQN 2TO MONTEAO

Materials Library

Properties  Mesh  Analysis
Paternials Ila Model Materials

o

Boundary

Poi (-] Soft Magnetic Materials
oint [H-[_7] Solid Non-Magnetic Conductors

Circuits E Copper AWG Magnet Wire

B[] Copper SWG Magnet Wire

Exterior Region (-] Copper Metric Magnet Wire

(-] Metals Handbook DC Magnetization Curves
B[] 15% Copper Clad Aluminum Magnet Wire Draq, and DI"OD cTa
-7 10% Copper Clad Aluminum Magnet Wire LAIKQ TTOL 95)\0011&

ammo 1a &&€ia
(BiIBA10ONAKN) oTO
apioTepd (MOVTEAO)

et [Co |

:




properies  Mesh  Anayss EIRATQIMH KYKAQMATQN

Maternals
Boundary
Point

Exterior Region

Circuit Property

Mame I Coil 1

Circuit Current, Amps
i Parallel =i
I 150
i* Series

Matenals Library

Property Definition

Property Name

I :I

[ Add Property ]
— ™
Delete Property |
Modify Property |

Circurt Property

Mame I Coil 2

Circuit Current, Amps
i Parallel =l
I 1&0
i* Series

lﬁ] Cancel




ERATQIMH OPIAKQN LYNOHKOQN

Jerties | Mesh  Analysis

Matenals

Boundary Property
Gounaany>
Point Name I My Boundary -

Circuits Cancel |
BC Type F‘res::ribr:d A I
Small skin depth parameters Prescribed A parameters

Materials Library M, relative I 0
G, M5/m I 0

Exterior Region

Property Definition

Mixed BC parameters

Property Name <y coefficient |:|
g c 1 anFﬁdEHt I:I
Add Property

e
Delete Property | QK |
Modify Property |



Arc segment properties

Boundary I:Dru

Hide arc in postprocessor |

In Group




ATTOAOLH YAIKQN XTHN AIATA=H (1)

| /]~(C)]

Properties for selected block Properties for selected block

Block type 1n AWG -
Mesh size I 0

¥ Let Triangle choose Mesh Size

Cocrait D Joir -

Mesh size I 0

¥ Let Triangle choose Mesh Size

In Circuit
Mumber of
Turns
Magnetization
Direction

Maagnetization |:|
Direction
In Group I

™ Block label located in an external region
™ set as default blodk label

In Group

™ Block label located in an external region
™ set as default blodk label

K@H Cancel

Cancel




g Air

s AITOAOXH YAIKON
- | B Y THN AIATAZH (2)

-80]

.10 AWG|| -
[Coil 2:-8




AHMIOYPTIA
NAETMATOL

@ Created mesh with 8987 nodes




EKTEAELH ANAAY2LH2

£l 56566_Project01_1 - fkern

Status
z0lving...
FProblem Statiztics:

2987 nodexs

17612 elements

Conjugate Gradient Saolver

M eswtan [teration5) Relax=1

INNNENNENEDR 3




EMNRKOMHXH ATTOTEAELMATON

Ds| | [= 2% nlrl3] SN

[¢le[«]= [wEole |

| |

RE

FEMM Cutput

Title: 56566_Project01_l.ans
Length Units: Centimeters
2-D Planar (Depth: 1.cm)
Frequency: 0 Hz

8987 Nodes
17612 Elements

g 56566_Project01_1.FEM 7> 56566 _Project01_1.ans




SN

Dialeg pd

Title: 56566 _Projectl1_1.ans
v Show flux lines

Length Units: Centimeters
2D Planar (Depth: 1cm)
Frequency: 0 Hz

| Show stress tensor mask

Mumber of contours | 12

8987 Modes

17612 Elements
Lower bound -0,002891

Upper Bound 0.070833%

i

Restore Default Range

(04 Cancel




Dialeg

v Show flux lines

| itle: 56566 _Projectdl_1.
| Show stress tensor mask Length Units: Centimeters

Mumber of contours | 30 Fraquency: OHz

BBBBBBBBBB
lllllllllll

EEEEEEEEEEEEEEEEE

EEEEEE




ZHTOYMENO 1 (T1A 50 AYNAMIKEX TPAMMEX)

Dialog

¥ Show flux lines

[~ Show stress tensor mask

Mumber of contours I a0
Lower bound I -0.002891:
Upper Bound I 0.0708383

Restore Default Range

(84 Cancel

FEMM Cutput

Title: 56566_Projectl1_1.ans
Length Units: Centimeters
2D Planar (Depth: 1 .cm)
Fregquency: 0 Hz

3987 Modes
17612 Elements




'O g Oa mepIgevape, ol SLVAMIKES YPAHMES

OLYKEVTIPWVOVTAI HETA ATTO TOV METAAAIKO TTOPRvVa M-
50, o ommoiog £x&l TTOAD KAALTEPES HAYVNTIKES IS1IOTNTEG
ammo ToV agpa (MIKPOTEPN HAYVNTIKN avTioTaon).

1 ONMEIA TTOL Ol YPAHUHES OLVAVTAVE TOV
JYHd TTOL




OI TigEG TToL Sivovral yia opia
o) MOAD KaAd

Dialeg
Plotted Value | Flux Density (T)
v Show Density Plot
v Show Legend

| Greyscale

Reset Bounds |

1.07477015333432e-005

Lower Bound

Upper Bound

1.96042981358267




Y

1.862e+000

1.764e+000 :
1.666e+000 :
1.568e+000 :
1.470e+000 :
1.372e+000 :
1.274e+000 :
1.176e+000 :
1.078e+000 :

0.802e-001
8.822e-001
7.842e-001
6.862e-001
5.881e-001
4.901e-001
3.921e-001
2.941e-001
1.961e-001
9.803e-002

» =1.960e+000
1.862e+000
1.764e+000
1.666e+000
1.568e+000
1.470e+000
1.372e+000
1.274e+000
1.176e+000
: 1.078e+000
: 9.802e-001
: 8.822e-001
: 7.842e-001
: 6.862e-001
: 5.881e-001
»4.901e-001
» 3.921e-001
» 2.941e-001
» 1.961e-001

<1.0753e-005 ; 9.803e-002
Density Plot: |B|, Tesla




METIXTH TIMH TOY B

1.862e+000 §
1.764e+000 @ 1.

1.666e+000 : 1.764e+000
1.568e+000 : 1.666e+000
1.470e+000 : 1.568e+000
1.372e+000 : 1.470e+000
1.274e+000 : 1.372e+000
1.176e+000 : 1.274e+000
1.078e+000 : 1.176e+000
9.802e-001 : 1.078e+000

8.822e-001

7.842e-001

6.862e-001

5.881e-001

4.901e-001

3.921e-001

2.941e-001

: 9.802e-001
» 8.822e-001
» 7.842e-001
: 6.862e-001
: 5.881e-001
» 4.901e-001
v 3.921e-001

1.961e-001 : 2.941e-001
: 1.961e-001

.803e-002

EAAXIXTH TIMH




OI1 TIgEG TTOL SivovTal yia opia TPoadiopilovy TTOAD KAAQ TNV eAAXIOTN KAl

MEYIOTN TIMN TOL B, aAAd Sev gival akpIPBG iSiEC Pe avTéG. ALTO cLHPAIVE

YIaTi OLOIACTIKA YiVETAI KATNYOPIOTTOINON TGV (TTAKETOV) TV TIHOV TV B

Kal Ta§lvOunNon avTaV O& OCLYKEKPIPEVO XpwHd. Av Sev yivoTav avTo, 6a

ETTPETTE KAOE 6|a|(pm'1 TIUN VA TTapioTaral amo SIapopPETIKO XpwHa, rrpc':ypa
Apa, oTTe¢g Oa Soups Kal oTnV srropsvn Siagaveiq, urropouv va

DEG ATTO ALTO Tou eeoaus WG MAvw 6pIo

QLTO TTOL BEcape oog




Point: x=-1.006, v=5.4996
A =0.0591191 Whjm

|B] = 3.47823T
Bx =-2,38984T
By =-2.5272T

IH| = 1. 10294=+006 Afm
Hx =-757312 Ajm

Hy =-301365 Afm
mu_x= 2,50958 (rel)
mu_y = 2.50956 (rel)

E =730133 1/m~3

1 =0MA/m~2




To éyxpwpo ypcupnpa pag £66d0¢E TO i810 ouunepaapa
DAUMES, OCOV agopda TNV TTLKVOTNTA
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1

Point: x=-4.5, y=13
A = -0.000632026 Wh/m
|B|] =0.25050] T <

Bx =0.177204T

By =-0,177185T

H| = 199414 A/m <=
Hx = 141014 Ajm
Hy = -140999 Afm
mu_x= 1 (rel)

mu_y = 1(rel)

E = 2493556 Jfm~"3
] =0MA/m~2

2

Point: x=0, y=11.25

A =0.0356563 Wh/m
|B| = 1.99567 T 4=
Bx =-1,99556T

By =-0.0202531T

IH| = 25737.5 A/m <=
Hx =-25736.2 A/m

Hy =-261.262 A/m
mu_x=51.7033 (rel)
mu_y = 51.7033 (rel)

E =4228.43 1/m"3
1 =0MA/m~2

3

Point: x=0, y=8.5
A =0,0695925 Wb/m
|B| =0.312517 T <
Bx =0.292299T

By =-0.110594T

H| = 2485693 A/m <
Hx = 232600 A/m

Hy =-33007.8 A/m
mu_x= 1 (rel)

mu_y = 1 (rel)

E =388560.41/m"3

] =39,5062 MA/m"2
Winding Fill = 129,96%

NN



4

Point: x=2.73, y=06.5

A =0.03338314 Wb/m
|B| = 1.83262 T <=

Bx =-0.013931T

By = 1.83257T

H| = 8706.57 A/m ¢
Hx = -66.1845 A/m

Hy = 8706.32 A/m

mu_x= 167.501 (rel)
mu_v = 167,501 (rel)

E
]

= 1665.49 1jm~3
= 0 MA/m~2

5

Point: x=-1, y=6.5

A = 0.0555305 Wh/m
IB| = 1.03255 T ¢=m
Bx =-0.00305918T
By =-1.03254T

IH| = 821675 Afm <
Hx =-2434.42 Afm
Hy =-821672 Afm
mu_x= 1 (rel)

mu_vy = 1 (rel)
E =424210 1{m"3
1 =0MAm~2

6

Foint: x=-2.73, y=%4.5
A =0.0337095 Wb/m
IB| = 1.98663 T ¢=m
Bx =0.00377387 T
By =-1938667 T

H| = 24125.2 Afm 4= Z
Hx = 45.8293 A/m

Hy =-24126.1 A/m
mu_x= 65,5283 (rel)
mu_y = 655283 (rel)
E =4004.39 1/m"3

] =0MAm"2




BAETTOLHE TGS OTA ONUEIA TTOL BpioKovrql péoa oTOV
psrq)\)\u(o rrupnvq Kal HAaAIoTa 00O TIOo Kavrpu(q ueEoa
g€ ALTOV, N 'ITl)KVOTI‘]TCI ™G payvnﬂKng pong B civai
MEYAALTEPN. ATTO TNV a)\)\n, TTAPATNPOLUE OTI N EvTaon
TOL uayvnnl(ou mediov YIV£TCII TTOAL uaya)\orapn (o} 5
anusla aKTog TOL rrupnva OIS TO 3 AAAA KLPIWCS TO 5.
Baivel yiaTi EKEl TO rr£6|o avnpsroom{al v

a1 Apa TO PELHA «rrpoorraea!
® NTIK

4

/



[HTOYMENO 4 — OPIZONTIA TPAMMH




[HTOYMENO 4

P

5

Length, cm



BAETTOLE TG OTA onpaia oL PpioKovTal HEoA OTOV
m&nponupnvq N TTOKVOTNTA TNG payvnnKng pong B
alvTtepn. Emiong, n mokvoTtnTta Snploupyel Eva
EVTPO TOL SIAKEVOUL, YIATI EKEi Ol
OAO VA

)







[HTOYMENO 4

3 —

2.5

2

1.5

1 —

0.5

0

PN

0

5

Length, cm

10

N NN\ L



BAETTOLME TG OTA ONUEIA TTOL BpPioCKOVTAlI HECA OTOV
ONva, N MLKVOTNTA TS HAYVNTIKAS pong B
HIOLPYOLVTAI SVO TOTTIKA

Y




[HTOYMENO 5 e

Mame

M-50

B-H Curwve

Properties  Mesh  Analysis

Monlinear B-H Curve

—Linear Material Properties

=

Relative M

1

Relative LU y

Materials > By 1 ces

iﬁh? , deg

Boundary
Point

—Maonlinear Material Properties
Edit B-H Curve

| @

hmax , deg

—Coercivity

Property Definition H_ . Afm

Electrical Conductivity
|7 O, M5/m

2.51

Property Mame — Source Current Density

( @ 3, MAjm~2

0

—Sped i : Lamination & Wire Type
Add Property Laminated in-plane

Delete Property Lam thickness, mm‘l i F Lam fill factor ‘

‘
ndiﬁr Property Number of strands

0

Strand dia, mm

=]

0

()




[HTOYMENO 5 — OPIZONTIA TPAMMH

P

5

Length, cm



TAPXEl HIA TTITAON O0TO B 0TO £0TEPIKO
11 KAADTEPQA Kal ATro To txt




[HTOYMENO 5 — KATAKOPY®H TPAMMH

2 -

0.5 —

NN\

VAN

5 10

Length, cm



B)\snouua Kal 5@ OTI urrapxsl HIC moocn o10 B 010
.PIKO TOL TTLPENVA, KCITI TTOL (PCIIV£TCII Ka)\orapa Kai
OTA N TITOON €ival Aiyo




ALKHXH 2 .

——

—~
:Hdnen,’-ynﬁ'; P -
A ——
rhiFes 40 'Hm{,.-
. j/ B




e

o ~ e N

7 HoFad 40 {J/f,}-: i (O 71y =
e oo 0,77

'(
7
- 5 =4 S
7 -~ ¥ o .__.--"'” ¥ L1
S A g HdFeB 40 MGoe [ 12
- Py a, - L/ L
7 f -~ o
ri
o A/ /
¥ 4
Y, _?
."’ "-
7 /
;

L HOFeB 40 MGoE

ot - i s
; i 4
ol o ; s
- o ryhidFel 40 MGOe
i - s
o
- -

2X. 2. 0Wn tne efetalopevnc tonoloyiac (ALKHIH 2).

*(26-22)







TEAIKH TEQMETPIA
210 FEMM

I'ﬁskNdEl 40 MGOe

Iﬁg\Nd EB 40 MGOe




| TEAIKH TEQMETPIA
yTO FEMM (ME




AIEYKPINIZH TTA EIZAFQIFH MATFNHTQN
~aNAF€B 40 MGOe '

7~ NdFeB 40.MG0e

Properties for selected bleck

-
Mesh size I 0

v Let Triangle choose Mesh Size

Properties for selected block

o
Mesh size I 0

v Let Triangle choose Mesh Size

In Circuit
Mumber of
Turns

Magnetization @
Direction
In Group I 0

In Circuit

Mumber of I 1
Turns .
Magnetization '
Direction

In Group I 0

™ Block label located in an external region
[ set as default blodk label

™ Block label located in an external region
[~ set as default block label




O1
. [PAMMEL)

FEMM Output

Title: 56566_Projectll_2.ans
Length Units: Centimeters
2-D Planar (Depth: 1.om)
Frequency: 0 Hz

13780 Modes
27198 Elements
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[/HTOYMENO 1

AYN.



ZHTOYMENO 1 (25

AYN. TPAMMEL)

L

—

N




EME=HIHXH T1A
[HTOYMENO 1







2.091e+000 m

1.981e+000

1.871e+000

1.761e+000

1.651e+000
[ | 1.541e+000
| | 1.431e+000
1.321e+000
| | 1.211e+000
[ | 1.101e+000
9.907e-001
8.806e-001

2.204e-001
4.403e-001
3.303e-001

| 1.101e-001

| K=3.802e-005D1.101e-001

Density Flot: |B],

Z.705e-001 :
605e-001 :

2.202e-001 .

» 2.091e+000

» 1.981e+000

» 1.871e+000

» 1.761e+000
» 1.651e+000
» 1.541e+000
» 1.431e+000
» 1.321e+000
» 1.211e+000
» 1.101e+000
: 9.907e-001
8.806e-001
J.705e-001
: 6.605e-001
» 5.904e-001
» 4.403e-001
3.303e-001

» 2.202e-001

Tesla

‘ METIETH TIMH TOY B




FEMM Qutput

Foint: x=0, y=0
A =-1.91453e-007 Wh/m
S Bl =0.0002582152 T
Bx =0.000244093T
By =0.000141522T
IH| = 224.53 A/m
Hx = 194.243 A/m
Hy = 112.619 A/m
mu_x= 1 (rel)

N\

mu_y = 1 (rel)
E =0.0316758 1jm~3
1 =0MA/m*2

EXElI YITOAOTIXTEI XQPIX NA YNAPXEI
KOMBOL :TO (0,0). AN BAAOYME

KOMBO BTAINEI |B] = 0.000451036 T






[HTOYMENO 4

0.2 —
|B|, Tesla

0.15

0.1

0.05

0 10 20 30 40 50

Length, cm




BAEMOYME 'OTI H MYKNOTHTA THL MATNHTIKHX EINAI METAAYTEPH
1TO AIAKENO AEPA, KATI NOY ®AINETAI APKETA MEPIEPTO, A®OY

O AEPAL EXEI MOAY XEIPOTEPEL MATNHTIKEL IAIOTHTEX AITO TON
MYPHNA M-50. AYTO OMQXI MMNOPEI NA EEHTHOEI AITO TO
FTETONOL OTI AOIQ rEQMETPIA, TIATI OAEL Ol AYNAMIKEL
FPAMME}: MEPNANE AIMTO TIX AKPEX TOY MYPHNA, KATI NOY OAHTEI
MEL B EKEI KAI NMOAY XAMHAEZ TIMEL B LE'OAATA
OETA, Ol AIFEZ AYNAMIKE}:




[HTOYMENO 5

Oc+ 004

Se+004

Je+004 —

6e+004 -

S5e+004 -

de+0049

3e+0049 -

2e+004

1e+004 -

/

AN

0

10 20 30 40

Length, cm

50

[H], Amp/m



BAETTOLUE OTI HEOA OTO HAYVNTIKO METAAAO, TO METPO TOL H £xel oxedov
MNSEVIKEG TIUES EVR OTA ONMEia Ye agpa avePaivel TTOALD N TIMA TOL, OTTWE Kal

Oa B¢Aape. Emiong, oTo Siakevo avaueoda ota 2 yeTaAAa n Tiyn tov H
ekTofeveral. AbTo cLMPaivEl YIATi ALTOG 0 SPOUOG HAYVNTIKOV YPAUM®YV Eival
«urroxpsoonkég» yia va rrspc'lcouv aurég, EVQ OTO KEVTPO Ol SLVAMIKEG

o aupag kai va MTITOLVE Sev £XOLV KATTOL va Tmave. Me aAAa Aoyiq, To

al MO KOVTaA oTOoLg MAYVNTES Kal apa o€ LYNAEG TIMES TOL
aAgiTal va oxnuartioel peyalovrepo H oore




ALKHXH 3




[EQMETPIKH ANAAYXIH TOY XXEAIOY T1A
[TPOLAIOPIZMO TON LYNTETATMENQN TON YHMEIQN
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TEAIKH TEQMETPIA LTO FEMM

J10AWG |
[Coil 2:200]




TEAIKH TEQMETPIA
yTO FEMM (ME
OPIA)




[HTOYMENO 1 (25 AYN. TPAMMEL)




ZHTOYMENO 1 (25
AYN. TPAMMEY)







BAETTOLME OTI OI SLVAUIKEG YPAMHES TOL TTESIOL TTOL TTPOKAAEITAI ATTO TA
TTnvia Kal amo Tov uqur'lm Ta§|6£l')ouv MECa AQTTO TOV TTLPRVA KAl 6|a|.|éoou

oL payvATn. lMNa CIDTO TO 1TEdio gival TTOAL TTI0 EVTOVO OTA OnMEia TOL TTVPRVA
a1 Ao Ta mnvia.




[HTOYMENO 2

2.288e+000 :
2.167e+000
2.047e+000
1.927e+000
1.806e+000
1.6860e+000
1.565e+000

 2.288e+000
» 2.167e+000
» 2.047e+000
» 1.927e+000
: 1.806e+000
: 1.686e+000
: 1.565e+000
 1.445e+000
» 1.325e+000
 1.204e+000
: 1.084e+000
: 9.634e-001

8.430e-001

: 7.226e-001
: 6.021e-001
: 4.817e-001

3.013e-001

: 2.409%9e-001

: 1.205e-001

Density Plot: |B|, Tesla






ZHTOYMENO 3

0.9 . |B|, Tesla

0.8 —

0.6 —
0.5 —
0.4 —

0.3 —

Length, cm



BAETTOLME OTI N TTOKVOTNTA APXIiZEl ATTO TTOAL XAUNAEG TIHES OTNV KOPLYPN TNGS
6|c'ﬂa§r|g Kai ao§c'1vara| OLVEX®G, uéxpl TNV KATG TTALLPA TOL HAYVATN. ATTO
£K£I n 'ITUKVOTI‘]TCI EICEPXETAI OTOV TTLPNVA Kal apXilel va JEIVETal, YIGTI
: DIOKETAI OTNV Ba)\ﬂom Siadpopun TV Sovcu.uKoav YPOAUHGV.

01 Ao TNV KAtaypadgn TS MLUKVOTNTAG TNG

Y



[HTOYMENO 4

Circuit Properties Circuit Properties

—Circuit Mame:
Coil 1

—Circuit Mame
Coil 2

—Results

—Results

Total current = 200 Amp ' _ . Total current = 200 Amp ' . '
Voltage Dmp Mréoon r1dong oTo mMnvio Voltage Drop Mréoon tdong oTo mMnvio
Flux Linkage = 0.0393099 Webers Flux Linkage = 0.0897512 Webers

Flux/Current = 0,000449049 Henries

Flux/Current = 0.000443806 Henries
Voltage fCurrent = 0,0131024 Ohms 'u'nllﬂz-ﬂr Chms . '
poner = 524,097 Viats TOVOAIKES GHIKES ATIAEIE PowerC= 524.097 Watts> JUVONIKES GHIKEG QMOAEIES

x| x|




[HTOYMENO 5




[HTOYMENO 5

Integral Result

Block Integrals
Evépyeia Tov

Can::n.:l HayVvNTIKOL TTESIOL TTOL
AVATITOCOETAl OTO

E0WTEPIKO TOL TTLPNVA
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