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Transfomer

Transformer 5

Frequency
Volts Avg Specified
AC Current
DC Current

Frequency:

Volts Avg Specified:

Vavg=Duty Cycle

AC Current:AC DC
AC RMS 2
Irms
RMS Waveform
Waveform Pulse
AC

.707

P-P
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DC : DC

0 10A 50%
5 Adc
DC
DC
Magnetics Designer
Bac Bpk Max ldens
Magnetics Designer
Waveform - Sine/Pulse AC
( 50%)
AC (100th harmonic
Sine Pulse sine
pulse
Magnetics Designer AC
Bp(max) :Bp(max)
Bsat 80%
( Bp(max))
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Bac(max) :Bac(max) AC flux excursion

Idens(max) : Idens(max)

Flux Swing:2 flux excursion

flux excursion

flux excursion

Full Wave Bsat B=0
AC
HalT wave (Br) Bsat
Trise(max):Trise (Thermal level Tlevel=0)
Trise 40 70

( )
Kwindow(%) :

Kwindow  100%

Kwindow
55%

Bobbin 45%
Kwindow 100%
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Transformer Inductor
User Data
(User Data : )

Adujust Margins for aBobbin

Magnetics Designer Bobbin ( pot core)
Heavy
Apply Using Field( ):
Rac AC
Bobbin
abort

LED  Options
LED

“ LED"

Options ):
Options Options

1.0
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Options

Magnetics Designer

G )
:Tab Enter
Apply
Tab
View Tab right
Tab/Shift
Windings: ( )
32 Magnetics Designer 1
AC DC
Sector:Bobbin 1 32
Bobbin
Bobbin
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Volts Avg Specified:

Magnetics Designer

Wire Type: Magnetics Designer

Litz
pcb printed circuit boad)

G )

Magnetics Designer

HF  heavy formvar SF  small formvar Sq square Dsq double square Pcl

Pc2 loz 20z.copper
Nef  nehf formvar  Heavy formvar
Eur formvar
wire Notes:40kHz Litz
AC

Litz
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TURNS:

Wire AWG:
(AWG American Wire Gauge )
Litz pch
pch
PCB ( )
(pwbl.w pwb2.w File_Name.pw)
2
PCB PWB
Wire height,Wire width : square
AWG(Wire AWG)
Options
Wire strands: ( )
28AWG 5
Wire AWG 28 Wire Type HF Wire Strands
5
fill
Number of Layers:
2 10 20
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DC Resistance DC

AC Resistance: AC
AC VS

Waveform AC

Proximity Loss

Proximity Loss
Apply Using Field

Start ID,Finish ID:ID
MD

startlD finishlD
finishlD  StartlID
1000
ID
ID

start ID ID

ID

Primary/secondary:
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Primary/secondary

Primary 1 secondary

AC

Min Strands(multi-filar):

multi-filar

Transformer

IsSpice  multi-filar

Pitch:
1.0 Multi

multi-filar

multi-filar

Insulation Layer, Insulation Wrapper, Insulation Margin:

3

.025(10 mil)cm

creepage distance 1000
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User Configurable Data
Leakage Ind. next,Winding Capacitance,Capacitance to next

User Data
Cn

Magnetics Designer

Transformer Inductor
II<< >>II
<< >>
>> <<
New
Add
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button)
2
New
New

(

1D

Split

Magnetics Designer

Split

Split

<< >>

delete
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2 1 Start 1D

Volts Avg Specified AC

Start 1D

"History of Core Trials"

Geometry

Core

Transformer Inductor

Magnetics Designer

Finish ID

DC current 2
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New

Core

Lock Geometry

core trials

Finish ID

"what-if"

Apply



"History of Core Trials”

Wire type

(Litz foil ) ;
New Apply
User Data Max Strands
(New Apply
Wire Strands
Apply
1
1
S [ Busbbin lengrh =2 x margin) :
hatis Sigpenm [ Wire Dicmerer)| Parallel Strands] piict
1.1
2
(.1 and.7 )
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(AWG

1 2 ( 2
3 )
2 24AWG
Litz
Litz
Litz
AWG
28AWGLiItzZ 28AWG
Litz
AC
(
ASCII foil.w

1 21AWG

Typel single bundle

Litz

28AWG Litz

( 10%)

foil.w

fpil
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User Data

Transformer Inductor User Data

Trise

Max Strands

User Data

Button Name( )-Description Equation Units(
) and/or Default

e || ounpus | | Bl
Button || fiald [listec
a M
K oz i c =
T
Au Tu - I'I—

-crdled  NFAT
_—
“wa e 1L0m
T Turs THH 0N

carsmail 1AL
Bpuad | I
etpe Ll )
iz o rr
BT R ' Al
In ."]:.:I'I J
Trise -
( 4
Equation( variable name)=Trise, Unit=Celsius

Winding fill %-
% 100

)

Equation( variable name)=Kfill

38
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Tlevel( ) - Magnetics Designer

Equation( variable name)=Tlevel Default=0

Total weight -

Equation( variable name)=CopperWt+CoreWt Units=pounds

Copper Loss -

Core Loss -

Bac(max) : Bac(max) AC excursion excursion

excursion

Bac - AC

Equation = Bac

Qutput Power - 1 (lac*Vavg)

Equation=

Pout=0

for(winding=0;winding<Nmax;winding=winding+1)
dp=lac[winding]*Vavg[winding]
Pout=Pout+isSecondary(winding)*dp

Core weight - Magnetics Designer
core

Equation=CoreWt Units=pounds

Efficiency -
Equation = 100*(1.0-(Pcu+Pcore)/Pout)

Calculator -

39



Equation=2+2
Gap ( ) -

Equation = gap,Units = cm

Max Strands ( )-

Equation( variable name)=Nsmax Default=2

Lmag-
Equation-Lmag

Min. Turns ( )-

Equation=MinTurns Default=1

Round Coef( ) -

.99 Volts Avg Specified .99

.5

Volts Avg Specified

Equation=Kround,Default=.99

Winding pitch ( ) -

Equation=pitch,Default=1

Primary turns( ) - 1

Idens(max) -

40



Bp(max) -

Bsat  80%
Bp(max) )
Window Fill
%
100%
Magnetics Designer  100%
( )
2
Magnetics Designer
Magnetics Designer Adjust Margins for Bobbin

POT PQ

41



Heavy foil

User Data eg.( ) Vvdrop2 Ploss
Vterminal Jn
User Data
User Data
user.eqgs
User Data
Magnetics Designer User data
Edit Add Buttons
Equation Wizard
Make zelectionz and fill in data, then press »>Mexts>
to add custom Button Equationz. S
¥ Faor each winding [T For hductors ﬂl
[ For input [~ For Transformers Help |
Description:

[Inits
|Defau|t ices) ;I

Button Label

Button Label
Next

42



Equation Wizard |

'u'u'ritE HOLIF equ&atilnns uzing elobal variables entered from
the “wariables” ligt; the scope of each variable name wou Cance| | 2 Mextl I

add iz alzo global. Mote: for data to be displaved in the

winding properties form, it must be pozitive. Help | <4 Back<< |
variables I ;I

Equation:

my button = 777 :l

Next
Finish
User Data
Transfomer .

Edit Arrange Transformer Buttons

Arrange Tranzformer Buttons
=8
Winding fill %
Tlewel
Tatal Weight Cancel |
Copper Lozs
Ciore Lozs Help |
Bac(max)
Biac Delete |
Cutput Power
Calculator
Giap Mowve up |
Lmag
Max Strandsz Move down |
Min. Turnz ;I

User Data

"Move down"
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frrange Transformer Buttons

Winding fill %

Tlewvel
Tatal Weight
Copper Loss
Core Loss
Bac {max)
Bac

Cutput Power
Calculator
Gap

Lmag

Max Strands

Min. Turnz ll

] 4
Cancel
Help
Celete
Move up

Mave dawn

s

Ok

Transformer User Data

User Data

User Data

User Button

Trise

Trise

IJzer Button
variables j
Equation
Trize ;I Cancel |

KT

Dezcription

Help

rill

[~ Data hput

Temperature rize
above the ambient level

ﬂ Precizion |4
Button Label I Trize
Evaluate ”U

Llj Uit |Defau|t ices) ;I
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User Button

B(Appendix B)

(half wave secondary or primary )

(getGauge 1isPrimary windingArea )

Equation

Description
Button label User Data

Units 1
( )
( )
Data Input
(
Max Strands,Tlevel ,Min.Turns Round Coefficient
User Data
Options Use Current Equation
Magnetics Designer
User.Eqgs
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USER.EQU

_begin [Button][token] -

_end - ;

_tab - bit-wise sum

;core=1 taransformer=2 inductor=4 core and transformer=6

wire=8
15
_name - Design Info User Data
_equation - ( pply )
_description -
_input TRUE|FALSE - Apply
FALSE
_units - cgs
(User.egs
cm2 in2
g/cm2 g/in2
USER.EQU Transformer
User Data (Efficiency ) 1
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lzer Button

variables I J

Equation

100 # (10 - ¢ Pcw + Poore ) 4 Pout) ;I Cancel |
Help |

T

] 3
Description [T Data Ihput
Percent power delivered ﬂ Precision |4_

Button Label I Efficiency
Evaluate ”-1.EIEIEIE+'I nz

ll Llj Units IDefauIt ices) LI

_begin button

_tab 2

_name  Efficiency

_description Percent power delivered
_equation

100 * ( 1.0 - ( Pcu + Pcore ) / Pout)

_end

USER.EQU
( //symbols )
IJzer Button
variables
Equation I J : :
area = fz/? ;I Cancel |
Rthermal = 254/ area*Kins
Tr= Pcu * Rthermal + Trize Help |
4] _>I_I
Description [T Data Ihput
= . I—4
#dd thermal drop between core J FEEson
and ztack I—
to Trice. Button Label Tr
BN
ﬂ LIJ Units IDefauIt cas) LI

_begin button
// for transformers
_tab 2

47



// name in button

_name Tr

_description

Add thermal drop between core
and stack

to Trise...

_equation

area = As/2

Rthermal = .254/(area*Kins)
Tr= Pcu * Rthermal + Trise

_end

Transformer
User Data Calculator

User Datta e

IR Drop Copper Loss Loaded Voltage

User Data

Magnetics Designer

Mathematical I1f-Then-Else For-Next

User Data Button

48

Inductor

User Data

Current Density



Formats

Math Equations : Variable=Expression or
Expression
If-Then-Else : Expression?Expression:Expression or

Variable=Expression?Expression:Expression

Expression then Expression else Expression e
Expression v “ <
For Next: for(initial value;test;end condition)
equations
For-Next
Examples

Math Equations

100 *(1.0-(Pcu+Pcore)/Pout) (Efficiency)
Myvar= cos(log(Ac)) - Acmin+Bac Cost

Flag :

Ac>AcMin ? 5:.1

My Temperature Calculationl
Kins*(1.0-(Pcu+Pcore)/Pout)

Temperature Calculation?2
Kcond*(1.0-(Pcu+tPcore)/Pout)

for(winding=0; winding<Nmax;winding=winding+1)
Cs(winding)=Cs(winding)+2p

lac*Vavg
Pout=0
for(winding=0;winding<Nmax;winding=winding+1)
dp=lac(winding)*Vavg(winding)

Pout=Pout+isSecondary(winding)*dp

49



abs(x) IX1
acos(x) cos-1(x) (result in
acosh(x) cosh-1(x) (result in
asin(x) sin-1(x) (result in
asinh(x) sinh-1(x) (result in
atan(x) tan-1(x) (result in
atanh(x) tanh-1(x) (result in

absolute value

radian)
radian)
radian)
radian)
radian)

radian)

cos(x) cos(x) (x in radians)
cosh(x) cosh(x) (x in radians)
exp(x) ex exponential
In(x) In(x) log base e
log(x) log(x) log base 10
sin(x)  sin(x) (x in radians)
sinh(x) sinh(x) (x in radians)
sqrt(x) x1/72 square root
sgn(x)  sgn(x) signum, £ 1
tan(x) tan(x) (x inradians)
tanh(x) tanh(x) (x inradians)
(

In sqrt 0

In 0

Magnetics Designer
faild"

50
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Magnetics Desginer

2 Volts Avg Spec.

r PR

H lan

llzwd oz 1T
wrweeih A
Mw=av 2iA

I re T
v T L

User Data 2 Magnetics Designer

Min.Turns Magnetics Designer

1 5V 12Volts
Min Turns 2

2 Round Coef
.5

Volts Avg Specified .99
Volt Avg Specified .99

(Loaded Voltage) Volts Avg

(Loaded Voltage)

User Data Primary Turns help
Volts Avg
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User Data Primary Turns

lzer Button

variables I I
-

Equation

zhapeFactor = 1.0
wIFin = shapeFactor * Iac{l)*Rac ()

; Cancel |
|

wIFout= shapeFactor # lacili*Fac(1) — Help
MY % (dzpecill - vIRind / Ovzpec() + vIRout) + 5 -

'] Ny

Description [T Data Input
Adjust turns for loading - Breciz |4
Bzsumes winding 0 is the primary... J FEEISIon

and winding 1 the secondary to compenstate I Pri T
wow can set M[0] = .. and press apply Button Label | Frimary furns

zeveral times to get an ~ automatic™ calculation Evaluate | EOOE
o -
lI LIJ Units |Defau|t ices) LI

N(1)*(Vspec(0)-vIRin)/(Vspec(1)+vIRout)+.5

user Data

( ) "NEO)="

N(0)=N(1)*(Vspec(0)-vIRin)/(Vspec(1)+vIRout)+.5

Apply

Turns IR
Turns
Turns

Primay Turns eqution

52
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shapeFactor=1.0

vIRin=shapeFactor*lac(0)*Rac(0)
vIRout=shapeFactor*lac(1)*Rac(1)
N(0)=N(1)*(Vspec(0)-vIRin)/(Vspec(1)+vIRout)+.5

90
0 Magnetics Designer
1 Loaded Voltage
Primary Turns equtions
Transformer Loaded Voltage "o

PR LY
5 B
|
eIl veoe | o
Gl o R NI A T T j J
£ BRCEEL - B R RS Tl ¢ PEFREN & R SUR, Hep
LR T ER H BT R EEC T TR | -
! | |
e [ N
T ] | e o
S S i
BUT B CERTEER-" N FEREECT T
LT o T T T S o IR T PO T E"“"L“dl et
QESLTESI TET LY IO 1 THY [ [ e T T TR =
1] Lesipze | 177
Wiaminal| 1) = Yepee] ) e
MylRdispPi = k(1) Facil] ! 81 I e [a drer -
tor) wandirg = 0 wonding < Mera ; wandirg = wandings+1 | 4
Wimepiwinding) = leciwnding) * Recleiding)
windingl (0)
Inductor
Magnetics Designer
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Edt Winding #1(Volt-Sec):Edt 1 1
30Vpk 50kHz

Edt=Vpk/21=30/(2*50*1073)=0.3*10"-3 volts-sec

Frequency,Waveform(Sine/Square),Bp(max),Bac(max) ,Max ldens,Trise(max),Kwindow(%)

Flux swing Tranfomer

Current Peak Specified
AC DC

DC Current AC Current Transformer

Minimum Inductance

Lmax Actual

flux flinging

Lmax (zero current) 0

Primary/Secondary
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Transfomer

(Bac  Bpk 100K

Bpk

Inductor

AC

fill

Magentics Desginer

AC
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10K)

Bsat

fill

Magentics Designer



DC AC

(Inductor )

Bobbin

Gore  Bobbin Transfnrmerl Inductnrl I=Spice | Ophnnsl Vendnrsl \ifire: |

Sector Dimensions
Add sector | Auta Width | S Exffae S000m Drawing Characteristics

Opti |
Delete sector | Current Sector Spees i T000m plions Gare - Set Color
Number of Sectors |1 LI Bobhin T ¥ Tranzformer Bobhin Set Galar
00m

IT Thickness € Inductor Wire Set Golor
Width 1% ) 50 & Tpri=0 Help
Scale to fit Disable £ kec=0 nsulstion [N St Colo ]
I oreen L_J=ter=m Width G} [04037 Close
Export
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Transformer Inductor

Bobbin

100%

45% ” ”

kWindow% 55 New Apply
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172

"Disable Redraw"

"Scale of fit screen"

Export DXF
DXF

"Add sector"

"Auto Width"

Bobbin

(.762mm)

Magnetics Designer

"Current Sector™
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4.x

"Add sector™



,Space before,space after,width
options
Transftomer

Apply

"Delete Sector"

Transfomer/Inducor

Bobbin

Bobbin

Transformer Inductor
fill fill

Bobbin
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Field Status

Completed

lterations I 3 \ Cloze |

Proerezz per iteration

Bobbin

Inductor

Iteration

Options

Magnetics Desginer 4.x

"Refresh Fields"

"Apply using fields"

progress

progresshar iteration

Permeabi lity Correction

Abort

Planar Foil

Foli
Foil
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IsSpice

Maenetice Dezigner tezign Info

Core I Bobbin I Transformer I Inductor  1=5pice |Opti0ns I Wendors I Yifire I

‘ * Tranzformer " Thductor ‘ Windineg: 1 2
Primary: (= '
Schematic Symbal: Secondary: e o
1 3 | ] 3
: : IeSpice Subcircuit Listing
&0 3

SUBCKT Untitled 12 3 4

*#SRG=Untitled; Untitled Transformers; MAGMHETICS, 281 a
2 4 #5' M= Untitled
+MAGMETICS, POT  Ferrite, F-LF-100C, 28mm x 23

K KA A

C11 H41 2 2215p

Rdc1 M41 MG 07445

Lmag 41 2 11.07m

Roore M41 2 47 26k

Racl M1 1 1282

Lacl M1 1 17040

Ls12 M41 ME12 234 4u

R312 ME12 ins2 7445m -

4| | 3
LI Add to Library Help I Cloze I

IsSpice 4

Transformer/Inductor

Schematic Symbol
Start ID Finish ID 1
: « )

ID (sideways T)

IsSpice Subcircuit Listing
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+V) Paste (
netlist

SPICE ;

Add to Library

&dd to Librar W

Transformer Maodel Mame:

|t itled

Schematic Symbol Format:
|SpiceMet 7.6 =l

Schematic Symbal File Mame:
|L|r'|titled SYM

Subcircuit Library File Mame:
|L|ntit|eu:| LIE

0] 4 I Cancel

SpiceNet

OK

ICAP/4 SPICE4 PR
SPICE4 SN Symbols
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+X)

IsSpice

IsSpice



BETSBHC [p = & cH

|7 Mizc-pr A 5dfxxlib A Tdacact lib A Tdhet lib A A
BOwrnd3sLIE 3] 54hetxlib 3] Talslib 3] T4z.lib 3] Ad
5400 lib 3] B lib 3] T4as lib 3] T lib 3] Ad:
Edactxclib 2] 54lz.lib 2] T4 lib 3] Tvhe lib 2] Ad:
AL lib 3] 54 lib 3] T4 lib 3] Abtmbn.lib 3] Ad:
Edazlib 2] 7400.lib 3] Thelib 3] Actuelec.lib 2] Ad:
I ICi|
71BN trans.LIE Erey I
IPANLDIERTY:  [Library Files Gelib) =] Py |

IsSpiced

Save Symbol Az

BESTBHMO [ 5ymbok ] cf|

o] BlwrndEs.zy m | Gookbook. v m o] Db dr 5 o] LIN-TC 2w m o] e

3 Actuelec.sym 3 Citr lpr 5 3 Drivtrfzwm 3 MathFunc.54 o] Me

SactubydrSYM [ Gtrltask SYM ] ELEGaym | MATHIMP=ym 4] Nis

a fdcawvm a devicezym o] Giround. 5 a MATHML 2vm | pro

E Battery 5% M E digitalzvym E Hydr 5% M E mechpbuz.5YM ] p

| Chris.sym ] DrivelecSYM 4] inducSYM | MEGHPLAMsym  [+*] Ser

1] | |

774 LN [Tranz1I5YM {RTEE |

e IleDIEERT ISymI:u:uI Files &.gym) ;I £p047)) |
SpiceNet
1
(.Lib)

1 1
IsSpiced ICAP/4
(*SYM & *SRC lines)
SpiceNet
IsSpice ICAP/4
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Transfomer  Inductor IsSpice

IsSpice
Transftomer Inductor
(Options: )
Magnetics Designer Intusoft IsSpicesd
SPICE
( )
SPICE 2G.6
OrCAD  Protel ;
DOS ISSYM.EXE
C:>issym<Intusoft ><0rcad ascii >

;issym ec35.sym ec35.asc
symbol_name.Asc
OrCAD SDT OrCAD SDT OrCAD Capture
Schematic3

OrCAD SDT Intusoft ASCII

.Asc

{De-Compiled Library}
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PREFIX
END

ec35.asc

Options

Options

(Examples directory

iener (TM} - Dezie

Ciore I Bobbin I Tranztormer I Inductar I IsSpice Options |‘-.|’enc|0rs I Wire I

— LINITS
Temperature Flux Dengity eight Magnetic —— ~Wifindon
v Celzius * Gauzs * Grams * cm om 2 cm'3  cm oom 2 cm™3
" Fahrenheit = Teslas ™ FKiloerams O omom 2 m 3 omom 2 m 3
Er. Bzat, .. £ Pounds " in, in"2, N3 % in, in"2, in"3
Default Units | Core Weight Core Area Length of turn
Tranzformer Wi, Fath length Winding Area
—DEFALLTS
Trsulati —Wavefarm
zulation :
: i+ Sine ifire Type HF >
Marein |1 0.00m Y-
Yitapper IE.DDDm Ambient Temprature |55.EID
L I— —Flux Swine
e 1.000m = Full Wave Data Precision |4
% Half Wave
Standard | [~ Use Gurrent Equations
Apply I Help I Cloze I
Unit
Unit Core Transformer/ Inductor
Temperature Trise(max)
Flux Density Br,Bsat,Bl Bp,Bac(max) (max)
Weight CoreWt
Magnetic Ap,Ac,As,MPL Max ldens
Window Ap,Vol,Acmin,Min,gap Insulation items Wire width
ID, Hw,Lw,MLT Wire hight

User Data Fields Note:Otions

User Data Fields

UNITS  Transformer Inductor
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User Data

Insulation Transformer  Inductor
Waveform flux Swing Transformer  Inductor
Wire type Transformer Inductor

Wire type

Ambient Tempreture

Data Precision Magnetics Designer
digit ; Standard

Number of elements in 1/2 turn:

1/2

Number of current regions:
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Far Dia:

Far
Dia
Rel Tol:
Field Status
Max lterations:
Rel Tol
Simple model:
geometrical
shadowing
10%
Use B and L
Bannet Larson
box Transformer  Inductor / LED

Gap location:
50
Gap Coefficient:

.5
.5
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MD

MD

1u

Ciare | Babbin | Tranzfarmer | Ihductor | [=Spice | Options  Wendars I'U'u'ire |

— Transformer Manufacturers

—Care Manufacturers

Manufacturers [T Manufacturers  |PHILIPS Spa. Onmpol:l
Wendor Mame  |Amecon, The. Wendor Mame |PHILIPS Spa. Componen
Contact  [All Mohsenion Contact
Address  |1900 Chris Ln Address |V LeF . Testi, 327
Ciity State Zip  |Anaheim, G& 92805 Giity State Zip  |20162 Milano
Mail Stop Mail Stop
Telephone  |714-G34-2220 Telephone
Fax Fax |02} 6752 3300
E-mail E-mail
K 12 D B
—Core Distributors —Wire Manufacturers /Distributors
Distributars  |Dexter Magnetics ;I Marufacturers | The E. Jordan Brooke;l
Wendor Mame  [Dexter Magnetics Wendor Mame |The E. Jordan Brookes C
Contact  |Carol Wilton Ciontact  |David Gastaneda
. Address (48460 Kato Rd, Addrese  |6601 Telearaph Foad
Ciity State Zip  |Fremont, Ga 94538 Ciity State Zip  |Los Aneeles, G& 50040
Mail Stop Mail Stop
Telephore |00} 345-4082 Telephone  |(213) 722-8100
Fax  |6310d 407-5241 Fax  [213) 888-2275
E-mail E-mail
«| v < I B
Ventors
particular(Add,Change, Delete)

Magnetics Designer

New

exit
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I
Charee
Delete

Help

Cloze

exit

dil




Save

Vendor
Change
Close
Delete |
Close
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Close

Save

Delete



Wire

Maenetics Des

Core | Bobbin | Tranzformer | Ihductor | IzSpice | Optiohs | Wendors  Wire |

Winding |1 vl Wiire type IHF ,I
el Width Height  Ohms/ft |a|

0.2690 0.2690 1.019m
0.2400 0.2400 1.286m
02150 02150 1.620m
0190 1o 203%m
010 01A0 2578m
01530 01580 3.250m
01400 01400 4.093m
01260 01260 6166m  —
01120 01120 6.515m
01010 000 8.212m
9010m  9000m  10.33m
8080m  B080m  1302m
T220m  7220m  1656m
6490m  64890m  2070m
5240m  5840m  2616m

b2 40m 52 40m 33.10m -
| >

% Transformer Ihductor

Plot of Impedance ws Freauency of the selected windine Help I
Wire 2
AC
winding
( 4 AC ,AC Resistance )
AWG ( ) Ohms/foot
Wire Type
Magnetics Desginer foil
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width

PCB Magnetics Desginer
width pch (
)
pch
Reports
1 Apply Transformer Inductor Apply
Magnetics Designer Repots Transformer

Summary  Inductor Summary

Design Info ( )

Toggle Design Info

Design Info

1 Apply Transformer Inductor Apply

Magnetics Designer Repots Transformer

Winding Sheet Inductor Winding Sheet
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Edit

iew Beports  Help

D[(Q| (2] =[]

TRAHNSFORMER PERFORMANCE SUMMARY

Design Name:
Date/ Time:
Notes:

TRAHSFORMER DESCRIPTION

07/27/00 14:46:48

Designer:

Project: SOwrnd.mag

|»

72

Core Family: POT Ferrite Core Weight (Grams): 40,00

GEOmELEY: Z8mm x 23 Total Gap (cm): 3.315m

Material Name: F-LF-100C Spacer Thickness (cm): 1.658m

Manufacturer: MAGHNETICS Window Fill (%): 41,07 =

CORE DESCRIPTIOH

Eff. Core iArea (cm™Z2): 1.z80 Min. Core Area (cm™Z2): 0.59580

Winding Length [(cm): 1.650 Winding Height [(cm): 0.4558

Avail. Window {cm™Z): 0.8011 Area Froduct (cm™4): 1.025

Min. Core Gap (cm): 450.0u Volwoe (cm™3): 6.320

Inside Dismeter (cm): 1.264 Surface Area (cw*Z): 31.98

Mean Length Turn (cm) : 5.496 Winding Shape: Found

Max. Permeability: 2.500k Max. B, linear u (Gauss): 1.500k

Sat. Flux Density (Gauss): 3.450k Fes. Flux Density (Gauss): 1.850k

Mean Mag. Path Len. (cro): 4,930

TRAHSFORMER PERFORMAHNCE DATA

Flux 3wing Type: half wave Input Waweform: pulse

Duty Ratio (Pct.): 50.00% Current Rise/Fall (Pct.): 0%

Jutput Power (Watts): 55.00 Magnetizing Ind. (Henry): 11.0%m

Pk. Flux Density (Gauss): 3.220k Core Loss (Watts): 0.3618

AC Flux Density (Gauss) : 595.2 Copper Loss (Watts): 1.011

Irrhient Tewmp. (deg C): 55.00 Core ALwlc (cr*4): 1.025

Tewp. Rise jdeg C): 30.49 Freguency (Hertz): 40. 00k

Volts/Turn: 1.833 hd
J ool
For Help, pres= F1 ’_IW 4

7
Reports
File Save Report
ASCII




Report

Edit Select All
+C Edit Copy
Design Info
View Design Info

Magnetics Desginer

Magnetics Designer
Mtl . XIs

Material B-H
Geometry

Core Loss Permeability

Magnetics Designer
Mtl.Lib  Geo.Lib
Material  Geometry
ASCII
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Mtl.XIs  Magnetics

Magnetics

Windows

Enable Macros

Mel . XlIs

Core Databaze

Familix | =

-Material —Geometry
Wendar [ Gieometry | =

Material | frea Iﬂ'

=l
—
m | Care frea | Wirido
Coreloss Caloulat | | Care | Wirdaw

kp Caore I Turn
Min. Core I Inner

ESat MPL | MLT
» usat] Surface I
Permeability Calou oI E— Min Ciore |— Cinzt ID
11
¥ GapOk
B |

Add Materi | Add Geametryl

Material Geometry
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material geometry Fami ly Name

material  geometry

save Mel.lib Geo.lib

Add

Family Name

and/or

Material Geometry

and/or

Add Material and/or Add Geometry

Family Name Magnetics Designer

Family

Material Geometry
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ESC Save

Material  Geometry

Microsoft Excel

Intusoft
Intusoft

material  geometry Fami ly Name

Family Name

save MagneticsDesigner
Excel Exit
Material
Material (B-H )
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i -mzyEEBE TR AN EE A

] Anal
|E] FRAI4E! ERE BT BAY EFD S-AAD TR PN T =dt
IDEHs SAF| kBT c-~ @ Erdil s -0 |
oz = mliz

mE B . [ = B_J E | F | G i i d K
1 | Family Rame Wenidor Harmss Easarizl Haime it L] Kp Baad Bi {1} B i
2Cx Al Shall A CRETICE Otheonal 1.26 137 SME11. 14800 15000 140000 11000 7S
P (Ca© 1mil Shell il FETICS Pemnalay B0 1.482 186 4. 16E14 700 E200 2=000 000 1B
GG Imil Simple Ik GRETICE Orttaonal 1.26 137 S24E11 460015000 140000 110000 7S
ST G 1mil Simple Ml SRETICS Pemmaloy A0 1.492 1.86 4. 16E-1a 100 B0 ZE000 a0 187
RS © 2mil Shell RAGHETICT Qrthanal 1.4 128 S53E-11 5000 150000 140000 110000 75
TACe C  Imil Shall MAGHETICS \Pemnaloy G0 1.79 1.52 BO3E-14 T400 EIO0 ZE000 000 1B
8w Imil Shell M GRETICS Supemnendur .M 131 Z88E09, 0002000 Z0o0n 18000 1
Sk C 2wl Bimple WA EhETICE Oithonal 1.4 128 SS8E11 15000 15000 14000 11000 75
| 13{Ce ¢ 2mil Simple MAGRETICS Prrnaloy B0 170 152 GO3E1d V400 EJO0 2S00 5000 167
TS G 2mil Simple RAGRETICS SRR .31 131 283E03  21000. 21000 300000 15000 11
| X8 |Ce G dmil Shell WA GHETICS Supemmendur 1.25] 139 193610 21000 21000 300000 19000 11
[H3a © dmil Sinple 4 GhETICS ST e 1.25 133 193610 2100021000 300000 159000 11
ME  Powdarad Iren |MICROMETALS 1B [<SHHI)
[i_4 /% b ik naby Lira i
e == P N e e

Family Name Geometry
Material
Family Name
Family Name material geometry
Family Name Material Family
31
Family Name “ Toroid MPP125u”
Family Name 125u MPP
Vendor Name
Fami ly Name

Arnold Engineering Amold
Ferroxcube Ferroxcube
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Thomas & Skinner Thom & SKin

Material Name

Magentics Designer

Material Name

Material Name Region of use
3F310K50K_100C 10KHz - 50KHz at 100
3C85-HF-25C Below 100KHz(LF) at 25
m,n Kp

Pcore=Vol*Kp*B~n*fm

Pcore ( ), Vol ).B
T Hz ,Kp n B
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LOG(Pcore)=L0G(Kp)+nLOG(B)+mLOG(T)

Bl

LOG(P1)=LOG(Kp)+nLOG(BL)+mLOG(F0)
LOG(P1)=LOG(Kp)+nLOG(B2)+mLOG(F0)

n=(LOG(PL)-L0OG(P2))/(LOG(B1)-LOG(B2))

m=(LOG(P1)-LOG(P2))/(LOG(F1)-LOG(F2))

Kp=P1/(B1 n*F1°m)

Core Loss calulator

Core loss caluculator 3

100kHz, 1000

50kHz 200kHz 500 2000

Bsat
25 ,10 15

79
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B, =dbidh{Bsat)

Bﬁdt__._,- /_;

v

B1 —p . =do/dn(BT)

Br A !
o
L
P
1
Pl
P

Bsat
15

100 ,1

25 3000

Bsat

Br

Bsat

Bsat

4300

B-T

(Br

25

2400

80

(
1
Bsat J (Magnetics)
2400
,100 2000
100
DC )
Br



B-H

(He)
(Hc 0

U1

Magnetics Designer

Magnetics Desginer
B-H
B-H

molypermally

umax

Bl
B-H

81

Br

Br

Hc

(10

Transformer/Inductor

200

Bl



DC

Bl B-H Magnetics Designer
DC Permeability
calculator B-H Calculator
DC B-H (B1 ul Bsat usat)
H1
B-H (B=uH)
H1 H 1

u(H)=K1(er(-K2(H-H1)))+1

molypemalloy
Usat Bsat Bsat H-=1
Usat 1 B-H
20 100
B-H 50
B-H DC
Bsat permeability calculator
10%
Bsat
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Geometry

Geometry

1mil Shell
1mil Zhell
Tmil Shell

1mil Shell

Tmil Shedl
Tmil Shel C
1mil Shell niC 1165001 S
Trnil Shell RACOOOT 001 5
Tmil Shel WGSBS
1mil Shell b 1 200H001 &
1510015
Tmil Shell A 10001 E
Tmil Shell MBS0 E

Family Name

fiberglass tubing

Family Name

Material Material  Grometry
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Family Name

31

Family Name

Geometry Name

Family Name

7mmx 4mm

Geometry Name

Area Product

Area Product

Geo.lib

Effective Core Area

Core volume

Family Name

Magnetics Designer

Magnetics Desginer

84

31



Magnetics Designer cgs

Core Weight

Magnetics Designer

Weight User Define Button
User Data Input/Output

Window Length

Magnetics Designer

Lb=Awin/Hb

Window Height g

Turn Multiplier

circular

Minimum Core Gap

85

3.14



Al Al

gap=(.4tmt Acore* 1072 )/Al-lcore/ur

Al
Al R 56 25
25 uvsB
P 2020PQ 2.41H/1000 (25
5 ) Al 4.54cm  alcore 0.62 Acore, 2600 (25

gap=.41 (.62)(107-2)/2.41-4.54/2600=1.49(10"-3)cm

Magnetics Path Length(MPL)

Magnetics Designer

Br
Inside Diameter
Magnetics Designer
4
1Db=(H+(0D-1D)/2)/2
(1Db) 1/4

Surface Area
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simpler

simpler

Asuf=(710Pdiss)/Trise

Asurf Pdiss

Asurf=1t /2*Dia”2+1t DiaHt
Dia=0D+0.2751D

Ht=H+0.551D
H oD
MLT
MLT
MLT
MLT
(ID)  55%

MLT=0D-0.3161D+2H

Mimimum Core Area

87

ID

Trise



POT

OK
1
0
1
Cost 0
GapOK

Magnetics Designer
GapOK Magnetics Designer Transformer

User Defined Buttons
( User Data Input/Output
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Inductor

OK



Magnetics Designer

Family

Magnetics Designer

AC
Core Loss Calculator
Core Loss Calculator
n
B(

s )

B 3] | -
(ERRORS"2)
(ERRORS"2) 0

OK

Pcore=Vol*Kp*(B"n)* (" m)

) T(Hz
cgs
(Pclac)
calculator

89

)

FALSE

Kp,m,

PL



Enter

oft Excel — milxls

JF'.riaI - 10 BIg|§ |§%,
|E] Z71E REE R #A0 BR0 U0 F-20 DoEuw LT =8|
DA @Ry s~ @z ssld@d ™ -0,
B12 = =|150
B

m = 1.6795875955
n = 2.758019545
Kp= 4.05E-18
Z (ERRORZ*) = -6.00E-06

f Powar Prale

[Hertz) MWattsfom™3)  (Watts/cm®3)
25000 0.0001] 9.94172E05 Celulei
25000 0.01] 0010058619
50000 0.0007| 0.0007042653
A0000 0.05|_0.059536358 Ay
Cancel
Enter 3 to 9 points.
I T T 1
|44 [p [p[*Dialog] £Materials Library {Geometry Library % Goreloss £ Permeability / 1K} 0
= | [ 0 MO | [
Calculate
(ERRORS"2) 0 Apply

calculator quit

Cancel Material

Permeability Caculator

Permeability Calculator B-H
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ur %  H( ) -

(ERRORS"2) ur
(ERRORS"2) 0
calculator
(ul Bl usat Bsat) DC
B-H
(K1 K2 Al H1) (B>B1L H>H1 )
DC

u(H)=K1*K2*er(-k2*(H-H1))+1 or u(H)=Aler(-K2*H)+1
B(H)=B1+K1(L1-e"(-K2*(H-H1)))+(H-H1)

H  u@@ %

91

%



oft Excel - mtlxls
JF'.riaI =10 =

B I H|§|§§|§%s

|E] 27 REE FT0 FAD ERO UL FoRO oM AL

Rz AU @B 0.

D2Ee gRY|[s=ado
G12 v =10

ul= B0 k1= -5456.3756
B1= 1473.14545 K2=-0.010813
usat= B.50E+HI0 Al= 76539835
Bsat = B556. 52676 H1 = 245524242

2 (ERRORE"2) = 0.063001

H % of

Calculated

[Oersteds) ufd) % of u(@]

10 100 [116.757192 Gl
40 a7 84.8733635
a0 A3 55 6570539
100 a0 45 1572971 Apply
200 15 164166458
Cancel
Enter 2 to 9 points.
4[4 p M Dialogl Materials Library fGeametry Library £ Goreloss b Permeahilit 1
Y I .
Calculate
(ERRORS"2) 0 Apply
Cancel
1992 Ferrite
F
40kHz ,100
cgs

Family Name
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Fami ly Name Family

Name Fami ly Name Fami ly Name

Family Name

Family Name

“ Pot Core Example”

Vendor Name

“ MAGNETICS”

Material Name

Magnetics Designer

Material Name
40kHz 100 F
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Core Databaze

Familiy |F‘|:|t Core Example |
—Material —Geometry
Vendor  |MAGNETICS ]| | Gesmetry  [26x16A =
Material | F2BR0K_100C | fres FTREE
t |1 G733 Core frea |.931 Wilirdioy i)
Corelozs Caloulat h |2_|"58|:|2 Care IEE YWindow A1793
kKp I#DEE—1B Ciare |ED Turn 214
Mir. Core 0583 Innet 128
BESat | 2400 MPL 376 MLT h242
s S II5at | 140 Surface |222?1
SHESBER S B[00 Min. Gore  ]0.751 Gast [0
2600
v GapOK
Er |1EDD
Add Materi | fdd Geumetryl

Save

25k 50k 40k
F25-50k_100C

Material Name

F2550k_100C

B L Power
150 25000 0.0001
800 25000 0.01
200 50000 0.0007
1000 50000 0.06
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m,n Kp Calculator

Core Loss Calculator

150

25000 Tab

Watts/cm3 .0001

Enter

Calculate

Apply

Core Loss Calculator
(ERRORS"2)

m=1.67987595
n=2.75801955
Kp=4.0529E-18
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DC

Bsat Br ul Bl usat
B-H
uvsH
Bsat
25 10-15
F 4900015
B-H
100 1 100 Bsat
Bsat 3400
Usat
Bsat B-H
usat 140
Usat 140
Bl
Bl B-H
(
B-H 1700
B1 1700
ul
Bl B1 B-H
B-H 2600
ul 2600

96

3400

25

B-H



Br

H O
B-H He( )
B-H 1800
Br 1800
Material Family Name
Add Material
Material
Family Name Family Name

POT
Geometry Name
26mmx 16mm
Geometry Name 26x 16A
Geometry Name
Geometry Name “ 26X16A”

Area Product

97



.931
Core Area .931
Core Volume(Vol)
3.5
Core Volume 3.5

Core Weight(CoreWt)

20
20
Core Weight 20
Min.Core Gap(MinGap)
gap=(.4m core*(10n-2))/Al-1core/ur
Acore=.931 AI=6350 MLP=3.76 u=2500
F 2616
,25
0.589cm
Min.Core Gap .589
MPL
MPL 3.76cm

98

Al

WaAc
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MPL 3.76

As(Core&Bobbin)
POT

Asurf=2*1t r"2+1t DH

D=2.52cm r=1.26cm H=1.61cm

Asuf=2*Tt (1.26)"2+1t (2.52)(1.61)=22.721

22.721cm

Surface Area 22.721

Min Core Area(Amin)
.751cm™2

Min.Core Area .751

Window Length(Lw)
1.102cm

cm  Window Length .1.102

Wondow Height(Hw)

0.4865cm

cm  Window Height  0.4865cm

Turn Multiplier(Bobbin)

99



3.14

Turn Mult. 3.14

Inner Diameter(ID)
POT 1.148cm

Bobbin ID 1.148

MLT
( ) .173ft
MLT 0.3048

.05242
cm  MLT 5.242
GapOK

OK Magnetics Designer

Pot
Magnetics Desginer  Gap

Cost

Magnetics Desginer
0

Add Geometry

Add Geometry

100



Magnetics Designer
Mtl.Lib  Geo.Lib

Save

save Magentcis Designer MIt.Lib

Geo.Lib
MIt.XIs Excel

1992
MPP60u 40kHz, 25

Magneics Designer

cgs
Family Name
Family Name

Family Name “ ToroidMPP60 Example”

Family Name

"Toroid MPP60 Example™

Vendor Name

101



Vendor Name

"MAGNETICS"

Material Name

Magnetics Designer

Material Name
40kHz

10k 50k

25

40k

10K50K_25C

Material

Core Databaze

Familiy
—Material
Wendor |MAGHETICS =1
Material |‘I 0EBOE_26C B
t |1.EQEEQ
Corelozs Galoulat n [PaeEsT
Kp |4.39E—9
BSat | 650683
. A II5at |69
ermeability Calou B W
1|60
Br I'IEIIZI
Add Materi |

|T|:|r|:|i|:| MPPED Example |

fidd Geo metryl

~Geometry
Geometry {55151 -
frea 0ooe3s s
Core frea 1286 Wi o A615
Ciore I.EII31 Window 0635
Core 244 Tum 4
Min. Core  [1EF7 Inner 247
fPL 1.06 MLT 1.242
Surface I‘I a0
Min. Caore 0285 Cost IIZI
¥ GapDK

Save

10K50K_25C
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200
400
200
500
200
400

10000
10000
20000
20000
50000
50000

Kp

MPP60

Core Loss Calculator

Power

.3593

1.711

1.2832

10.266

3.422

17.110
Calculator
Tab

Watts/
Calculate
Calculator

Apply

103

359.3

200



DC Bsat Usat Bl
ul

Permeability Calculator

Bsat Usat Bl Ul Peameability Calculator
u(0)
MPP60 60
u(0)
60
DC
H % of u(0)
10 100
40 87
80 63
100 50
200 15
Calculate

104



Apply

Usat Bsat ul B1
Br

100

Core Database

Add Material

Family Name
Geometry

Family

Family

Br

25

100

MPP147 MPP125

105

60u

Add



Core Family

Geometry Name
u 60MPP

55181A

Geometry Name

WaAc

Acore

Core Volume

cgs

g/cm3

1992
60u

.244gm .94

55181
MPP60
“ 55181A”
0.0285cm"2
0.0285
55181
.26

106

cm™3

125u

MPP60

.26



.244 7.896gm/ MPP60

0.031
0D H ID H
Core Weight
R MPP125
MPP60
MPP60 .244

Minimum Gap

1E-7

Surface Area

Geometry Library

Asurf=m /2*Dia”2+m DiaHt

Dia=0D+0.2751D

Ht=H+0.55ID

Dia=.521+0.275*0.193=0.5741
Ht=0.33+0.56*0.193=0.4381

Asurf=mt /2*0.574172+1 *0.5741*0.4381=1.3078

Core surface Area 1.3078

Minimum Core Area

107



0.0285

0.0285
MPL
1.060cm

MPL 1.060

Window Length
(1D)
Lw=3.14159*ID
0.6063cm 0.193cm

Lw 0.6063

Window Height

Hw=(0.55*Awin)/Lw

55%

Hw  0.02654
Core 1D
(I1Db)

108

0.02654cm
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1Db=((2*Ht)+(2*((OD-1D)/2)))/4=0.247

ID 0.247

MLT
ID 55%

MLT=0D-0.3161D+2H=1.2420

MLT 1.242

Turn Multiplier

GapOK

Cost

Add Geometry

Magnetics Designer MIt.Lib  Geo.Lib

Save

109

Save



Magnetics Designer

Manetics Designer

Round wire  .RW
Square wire .SW
Foil -Fw
PCB -PW

Foil(foil.w)

Short Name,Long Name,# of entries First entry

Kwire,

gauge,height,width,copper area

Short Name

Magnetics Designer
Magnetics Designer
Long Name
reports

Magnetics Designer

Magnetics Designer

110

PCB(pch.w)

Esc

ASCII



# of entries

First Entry

Kwire
1 ,Ar
Awire
Kwire=Awire/Ar
gauge,height,width,copper area
Gauge
AWG
Height
H
Width
W
Copper Area
Formvar
10/94 New England Electric Wire Corp.

111



NEF,New England Corp. Formvar,2,8,.764
8,.335,.335,.084
9,.299,.299, .066

Formvar Magnetics Designer

“ NF,New England Corp.Formvar”

Magnetics Designer

“ 2,8”

Kwire=Awire/Ar

Kwire=tt (dia*2.54/2)"2/((0Dnom)*2.54)"2
Kwire=mt (.1285*2.54/2)"2/(.1305*2.54)"2
Kwire=0.762

( ) ¢ 0.764"

112



“ 8”

cm

“ .335,.335 "

cm

“ . 084”

“9,.299,.299, 066"

Magnetics Designer
-RW

Magnetics Designer

NF_.RW

Foil

113



Foil Wire Thickness = 2.5cm/in
50m

20m

5m

2m

Im

-1m

Magnetics Designer

Magnetics Designer

cgs

Magnetics Designer

Magnetics Designer

PCB
PCB

PCB Thickness = 2.5cm/in
Thickness of copper = .0033
Minimum trace width = 0150
Minimum trace spacing = .011
PWB Thickness = .1250

cgs

cgs

PCB

114

cgs

cgs

Magnetics Designer

ASCI1

-Fw



PWB

4

Magnetics Desginer

Magnetics Designer

Magnetics Design

Magnetics Designer

Magnetics Designer

115

.PW



CGS

Magnetics Designer  Options

Appendix 2
Hi=dx NI 41
Ik k nj
m "
Y Hdv=Ar 3 Ni; 4-9
.d.' = I. Jl = I
H
B o dB
T oo i = 41
e=N 2, = FAr— 4-44
fr et
\ (
(Ac)
AC excursion
Vove = 4N Ac f Bae = 1077 4-48
Vave AC

116



Vave

jﬁ-l v e
Vitvg = ———

B-H

(®)
H ( (Ho)
(
B
(Bp)
Hp = Br + ZBac

)

AC

B-H
Q)

B-H

117

Br



Br

AC

DC

)

TN

BH Loop
Mo Gap

Bac

BH Loop
With Gap

H

Bac

AC

B-H

(41t x 10"-9 Henry/cm)

118

B-H



Br

Brlegt = ———
e T
I+—=—

4-5

( 4-4) ( 4-5)

Kr= rho + rhoTc * T 4-6

rho=1.59*10"-6

rho=2.41*10"-6

Aluminium

Peore = Kp Bac” " vl

rhoTC=6.77*10"-9

rhoTC=1*10"-8

d-7

(10kHz 100kHz )

119
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AC

Penetration depth

Bennet  Larson[48] Maxwell
Fr f DC AC

. (K H )
Fr=a[Fl142——== F3
= Hi" ] als

- Inf FI

L

)
mppf

1p =

F3=(sinh(x)-sin(x))/(cosh(x)+cos(X)) F3

F1=(sinh(2*x)+sin(2*x))/(cosh(2*h)-cos(2*x))

H1  H2
Hi “ ”
rectangular
Jongsma[1] Fr
H1=H2=Nisum/(Lw) I
I*1*Fr*Rdc
1=0

" Nisum w pitch |
P“r:[”: :RI’:‘[' ¥ M F3 481
L N Lw

120



ampere-turns

“ negative”
(N1}, =~Kg g, SN
W L
SNI
0
Kg
H(X) u(eff) Kg
u(eff)
u(eff)
MMF
MD AC

NI/Lm

U(eff)
Fr

Magnetics Dsigner

Dauhajre[24]

121

Magnetics Desginer



AC

_—P -
= idixy

il ST 482
Maxwell quasi-static
fringe
Transftormer/Inductor
“ Apply using fields” Bobbin “ Refresh fields”
2
AC

Magnetics Designer

pulse duty rise
50%duty Orise

rise

122



AC

Rac

Ploss = [15+H1 + |3%+R3 + I15%+A5 + ... = Irms*+Rac  4-Ha

F  Tranformer
F,3F,5F /
Irms AC RMS (lac-rms)

4-8a
DC

sine/square

Ploss = (11501 + 135%HT + 15%H1 + ) =R (N + 13 + 15+ ) 4-8B

and since 137 = {|173)F, 157 = [11/5),
Ploss = R1 + (17 + N59 + 11325+ ..}
= [15R1=1 + /9 + 1/25 + 149+ )
4-8C

Designer Rac

Ploss = 1.2287 117« R1 4-8BC

R Rac

Ploss = 1241 + 13%4H3 + |55 H5E + .
11%«H71 + [1%+H3% + 1*+R5%25 + ...
11%+{R1 + R3/0 + B&/25 + . Anf{n=n} + ...} 4-80

4-8D 4-8D

123

11/R1

Ploss=

13/R3

15/R5

Rac

Magnetics



= Ime?=Racsq = 112=(R14+A3'04+R5254 . Rnfin=n)+...} 4-BE

and Ploss in eg 2.0 = Irms®»Ract = 1.2287 12 = R1 4-BF
and divide 4-8E by 4-8F, we gel

4-8E  4-8F
Racsg/Racl = (R1 + R3O + AS25+ .. Bnfinsni+.}/ (1.2287=A1) 4-8G

11 Irms Rac1=R1
Racsq = (A1+R3/0+A525+ . Br(nen) + ) /(12287 ) 4-8H

Mow let R1 = Kr1 such that R1 = kR1+Rdc, then

Raczq = (Kr » Roc « Kr3 » Rdod 4 K5 = Rdoi25 4 . Km o« Rdo{nen] )/ (1.2287 )
=Hdc = (Kr1 + kr3'® + Kris/25 + . Kmf{nen) + ) /(12287 ) 4-81

4-8l ( )

Magnetics Designer 99

Magnetics Designer

4-5 4-2

124

AC

Rac



o
L=N—x10"
di

4-2(

m
¥ odHh

k=1
AT N

di =

4-9  di

—8
i 4gn2|2@x10

m
¥ Il
k=1

2 —&
ArN= =10
Lo AN x0T

=

MmohdHe M L dH
.
=1 {m k:-l.-'!hrf“.*

interest Ac
4-2

4-9

element path) di

Bmax

Bmax

125



il #

S Hi b= AT XN Ipk
k=1 j=1

H 4-3

i ]
A T

k=1 # j=1

M ‘I. Ir f
¥ ~=—dAr TN Ipk

moo il
DY =4r XN Ipks
gl AR G

D R=A4TY N Iph

¢ =Bpk Ac

i
Hpk Ac B=dx TN Ipk
i=l1

n
Ax XN Ipk

-
Bpk = —
Ac R
¥l
AxNp ET Ipk
j=1
Bk =
t Ac R

4-2

4-2

Bk

Bpk

d-12

126



DC

Kr (T hwire

Awirg

Ride =

_ Kr(TY MLT: Ny
L Awire

R

MLTj

(Awire)
Awire

frms
Awirg=——
)

(Ar)

( Kr
4-13
MLTj
RMS
RMS (IRMS)
4-14

127

(MLT))



Kwire

Awire
Ewire = s
Ar

Kw
NJ
Aj
AN Ar = N Awire, N :f.rm_'.'_-
Kokwire Ko Kwire J
" (Abob)
A BN Avive
Abob= T A= ¥ m
|r.=1 _.':lx“h“-l'rt'
4 N Trms ]
Abob= ¥ | ———
le[x. Ewire J 4-16A
Np
i T frms; )
Abafr=Np ¥ [.—l
! _|'=1'L,'*:"' Kwire J | 4-168

(I"2)*R
Pru= i [h"f—‘ﬁj R_.]
jml
4-13 Rj

nof . b N
Pey= L Lh"llrr.l;,-j w]
jml

(J x Awire) Irm

Awire

&

i ;
Peu= 1% 3| Awire Kr [T} MLT; N)|
i=1

128



MLT

n

MLTj

Frir= .F? Kr|T)V MLT % Awirei N,

4-16A

j=1

i
¥ N Awirer = Abob K. Kwire

i=1

4-18

4-17

Pern=J 2 Kr | T MLT Kwire Ko Abob

4-18

Ar=

Cedr %108 edr %108

RMS

df Np " 2 Bac MNp

4-19

Ar=

n
ArNp T fpk

[=1
Bpk R

Bsat

4-12

Pcu

4-17

4-18

4-16A

(  80%)

4-20

129



172

1/2
Magnetics Designer
“ intrgrated”
4-16B 4-19
Ac  Abob
[ I N | B
AwAcl ='—MJ_ ¥ T Trms, _—m'rx 10
| K Kwire d j=1 i 2 Bae Np
| " | E
edt) ET frmyg | x10
| i= | A
dihi] s AI L 4-21
2 Ko Bwire J Boc
J Bac 4-21
4-21
4-20

130

4-168B



il i i i
Np ¥ Tidms | drNp T Ipk

.49,.)1{'2: Jl:l | ,I'=]
Ko BEwire S | Hpk R
| R H |
3 ¥ Tifrmy ET Iph
AwAc? = ARN"p I | i
K ,. Ko Kwire S Bpl
| . 1 n |
Lp| ETirms | ET: ipk x10°
— Lji=1 1j=1 4-22
AWALCZ =
Ko Kwire I Bpk
4-22
Bill Muldoon(Ref2)
( AC )
B(n)
Peore 2 i
F= =— r
Peu " A2
Pcu Pcore r Pcu Ptot
Ptot = Pcu + Pcore
Ptot = (I+r)Pcu

Piof = Pou + Peora

Prot = (I + r}Peu

Prot
P ==
R e
r Ptot Pcore

131



Peorg = Prot

1+ r}

Magnetics Designer

4-23

Magnetics Designer

4- 26

4-25

4-23

2/n

AC NOT
4-23

Kgap

Stephen[11]

132



4-26
g .

[ 2xIw
Keapfigl=1+ .J.l—lngh ]L'L]
A g1y

Ig cm Iw cm

Magnetics Designer

empirical correction

Partridge[17]
Pe=1Txl0=ETFRO RO AT AT = Om LR
d t ocm

Magnetics Designer
User Data

Severns[12] 2

133

Ac

Total Power Loss

annulus

1/4



1
2
» X
T Ris
i :
i1 %
Magnetics Designer AC

using fields”

134

“Apply



’:%H 7l

Dauhajre[13]

Dauhajre

135



Pkt e
wingiag |

Hafiat for
winEng i

[EF] P 02
[ I:::J
winding 1
L NS Fae
i

Cumvmmety el mmdns]s

TR
Hefird e
i & L5

Carracis ief wndngs
(R T

COLLINS[16]

Collins

5

sl |

Ten Tea
T B I
To2 T3
F1 RATIC
EV A&
=

136



Magnetics Designer Start ID Finish 1D

Finish ID

Magnetics Designer

2
| L [ ; .
I L2 I v -
3 oS0 i . Vi
Sl — w0000 n e ki gy W
Finish peoooe oepooa L2 _ . 03
—t | — 11—
( D
En0 Enl L1 0 L2 1

-KT VI{X-2L+L1)
i

K2V1X

L
<
Start Finish EnO
Vil it i i i i i Crinxd
vi2-)=0 1 DA B 1 o Eikd=-HaN1)
vid-3=0 1 A o 1 C C3| = | Eix3=m
vit-3)=0 i g: 9 il A 4 E{K3=1]
vit-)=0 1 1 B A a0 05 EikI=1+MN2N1)

where: A= (N2MI1F
B = (1+M2/M1)y
C={1-N2HN1P, and C1 = C1l + Ceelf

137
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I

) O00000 -— Start
129 G0 Ci e e e

 »OOCOO0C ODODOD
[— 11 —I

Fimish

KT VIfX-L1)

K2 VIX
I

4

IsSpiced

SPICE
L-C
1/3

AC Wire

AC

AC

IsSpice

“ Primary”

138

AC

AC

AC

1/3



DC AC

References[14] [15]

swinging”

(Ref.2)

AT = TPt i
Asurf

P
[}

thermal
model Tleve=0

thermal model 1 2
fans,thermally conductive,heat paths, oil filled

containers, water cooling

User Data

139



Transformer inductor User Data
2 User Data Input/Output

MD 3

User Data Tlevel

User Data

Thermal Model Level 0,Tlevel = 0

Trise
(
(As))

Kconv ( 710)

Kconv

Keany
Poore«Poopper Lf K‘.T.-"I ; :\ -,_ :P\?::.Ihtl-;m;é;:.urr
g=h(Ts-Ta)
q= N

Ta
T=(Ts-Ta)=Ptotal/(Asurf*h)

0.5m 2.5m w/ C
25.0m(w/  C)

1.4m(w/ C) , 710 c/w)

A T=(Ts-Ta)=710*Ptotal/Asurf

140

Ts

2.5m



Magnetics Designer Ta (Options
1/Kconv )

Ptotal

Pcopper

Thermal Model Levell Tlevel 1

Trise incorporate

Kins (Kins=2E-3) /

thermal model 0

Stack hot spot Cora Surface
Kirs
Paopper _ __ e R I | bl Arribband
Poopper.Z282_ 1 I 1 | Tempariura
AT > [ or Mounting
Peoppar o _____1 1 Plats
=%
Peore _____________|
—>

- Trise

Thermal Modellevel2,Tlevel = 2

level 1

User Data Trise

Tcore=Trise+Kuserx Pcore

141

Pcore +

Magentics Designer

Kconv ( h =



Prapra

3 Peopperi --c-J 1 :irl.rnl:-i:!'ll
Poopter? - Eoo- |1 | amparatura
Thermal Model _L_ JFH_’ | I
Lewvel 2 Prapparn B AR 1
+ Trhse -
pcopper#
Kuser / Kuser x Pcore
level 2 level 1
Magentics Designer Transformer  Inductor
“ pseudo code” Apply

142



While the design lemparalure rise is higher (han specilied
IT the core s not locked
It it's the first pass, pick the smallest core based on low

Irequency copper les
Othverwise plek the nest largest core in the family

Seloot the current density and Mux density

Do untill @it conditlons (llsted belaw)
Calculate the tums for asch winding
Caloulate the area available for each winding
Do until the temperalure is slable

For each winding
Far each atrand number
Cabzulate the build and resistance
Estimaie AC |osses
Save datla lor lewest loss conliguration
Select the best strand count
Calculate the buitd paramaters
Caboulate power loss

Eraak out of this loop after 15 Herations (@xit conditions)
Adjust ihe current density 1o make the winding il egual
Lo thir specilication
FAurdjust the flux density to make the coreicopper less ratlo optimum
Adjust the cora/ooppar loss ratio for minimum fotal loss
Ewaluate special break sonditions

D2 until sxit candition
For each winding
Make wire smaller [! power loas decreases
Break cut atter 3 passas
Adjust area par winding
Readjust strand and build caloulaions

If no more cores, break out of the loop

AC

maximum strand

LOW
10AWG

143



AC

100vdc 100kHz  500W

sustain

single ended
DC

cross-regulation

Magnetics Designer

Magnetics Designer

RMS

144

DC

Transformer

15vdc

Inductor



Inductor

Fizlds

-y s

Inductor
Edt( - )
‘o
User Data
AC
(Max Idens) (Bp(max))

(Kwindow % )

Options

145

AC

excursion[Bac(max)]
(Trise(max))



500A/ 400A/

400A/
600A/ 500A/
- Edt
Edt AC excursion
DC AC
(Pcu)
Pop = Ide"Rele + Tue" Rae + J":“ imlhy
Rdc DC Rac DC

AC DC RMS

AC

146



Transformer

et

:" : | wunet |

:; om:dopzad |

E z B T

- Wpn

e Lt —rdw = in

prf— i S

Transformer Inductor
3
DC AC ‘o
User Data
Inductor

Flux Swing
Frequency AC

family  material

Volts Avg Specified

AC DC

147



Start ID Finish ID

DC AC
AC

AC DC

AC DC

Magnetics Designer

RMS

DC AC

T
Iave =]
0

I udr
T 4-1

( DC)

148



| =~

I | T
- ——cosl il ) [~
ff.l'f'=Tmm_ﬁ_”m = = 0
i ! )
2
Howaver, &' = ?.Tharefnre.
—L :--;“Uﬁ.{_?f] - cn.ﬂ[ﬂ]- 1
fde = —- =
T "
Ity
e 112 ——] I
Half-Wave Rectified Sine Wave
RMS
T
| 1y dr
Irms = 11 3 M
T
1(T) T 1
RMS
Y R
| sin={ax)dt
frmy = g -
!
B
1 1 EX
[—: — —sin{2ar} |2
2 LYo _I[]
Irms =
T
ir
whara & = ? Tharafora,
1 T . 1
—(F=0y - —i=ni2a)—smi)
E 8 |
Irms = =
T
@n) ) 0
Irms=1/2
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DC AC
I1(t) = Idc + lac(t)

RMS OC  AC

-.|| .IrE:’.II-I" + I]ru'[nrn‘:l

Irins =

RMS AC

7 il
lacimis) = 1,||.f‘."H.'.'.'—!‘r.’c

DC ( 0)
I T 2 2 2 2
iy = —|l+—cos{w 1)+ —oos 2w 2 — —cos{dw i )+ —cos(bw, 1)~ —.|
i R e R I

Parseval ( 5) RMS
)
v o] g dami Lodar B2 h 1 i
s i Tz Tl Rl talast
Ty = 49903
RMS
RMS
DC AC
RSS Irms ldc lac
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RMS

RMS

AC

RSS(2

(RSS)



Vavg Vrms Edt

ar

1l A
D - O JE:I: x.lu
: & N
{
Edt
Edt
Edt 1
( )
||‘.l' X
- ] -
= f .;_;f
(100
E.:,!',r = & = 5x|t]_4Tﬂ!‘r—.‘icc
(20100 KHz)
Eidr = b}}kli'r'}[l.], _ Ik
Il ¥

T
flvi l“]|n’.r
]

Vive =

7

FET

151

100Vpk 100kHz



Edt

Vave = 2 f Edh 4-38

100kHz Edt 10

20100610107 = Zvalty

Virve

{1-D
1]—1-315w|<— (1-D) Taw —!4

Duty Cyele Madulated Wavefarm

RMS RMS
TV 2 (i
Vims = [ 4-4
I:I T
AC  DC

DC

152

AC

DC



DC ( )

DC
AC
DC
28Vdc EMI
DC
EMI 10Adc  20uH
AC
AC AC
AC Edt AC

Edt(volt-seconds)

(Hz2)
(Amps)
DC (Adc)
AC (Arms)
20vdc  5Vdc

153



L=37.5uH  ocs vde

T

|.—-

oOvVdg| | — i+ W1 —T
i CO—’r r\_ »

0 Ado
10Apk
(
P-P
K & 1':.-""‘-"- _ (Vi =Ve)DJ F
S T L
o . AS25000000)
Al = T =1 Ampi p—p})
A ramp Ip*sqrt(D)) RMS
Edt
3 ; 0 L 5
Edi = iVin=Vo)—=20-5 )
F 1O
Edt = 375x107"volt - sec
Edt = 37.5u volt-sec - (Edt Winding#l)
= 100KHz
= 10Apk - ( )
AC = 0.289%Arms
DC = 5A
Min.Induct = 37.5uH - ( )
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5Adc

.577x 1p=.2891p-p=.289Amrs



Magnetics Designer Inductor

family material
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LI L
== Feor =N L
1:M ] - i :
= )I
.:\_' _-"' I
. i, L
Vpri @ o n
i _—
e e Iz , |_1

Transformer

Transformer

95 to 135 Vrms
24 _3Vavg at 135 Vrms

= 60Hz

= 8 to 80 ohms
Transformer

Flux Swing  Full Wave
RMS 2
. VZii
Ko
24.3 Volts(avg.)

RMS
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& Vive
i 243
5 ._3 L= i(243)

Viemye = 2697 Vave

Vims =

Therafore, the oulpul pawer 5

Po= Eﬁ: : = 19 Warty

60Hz

RMS
i
Vave= L _ﬂ__ Jrr"r'ﬁ'i‘.\
85.5 121._5Volts
85.53 121.54Vavg
17.1 24.3 Volts

| A T
g |
DC

AC

2,
Iy = o JIB =477 =152 Adr
T
AC RMS

fm_{."rrj.x} =

I {mg) = | =184 Army
[ |
(Ns Np = 24.3/121.54 =.2)
0.954Amps(.2%x 4.77)
AC AC RMS
0

0.707x Ip=0.674Arms DC
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90.9 Watts

= 60 Hz

Pri. = 121.5 Vavg - (Volts Avg Specified)

Pri.AC = .674 Arms

Pri.DC = 0A

Pri. = 24.3 Vavg - (Volts Avg Specified)

Pri.AC = 1.84 Arms

Pri.DC = 1.52 A

family material Transformer
(=12.15V)
Finish ID Start ID

DC
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ar 5%
g |1 ] =
1 it
s RERS
DS
‘i
ey :
—_ I8
-
Tranglarmer L

Rectifler: Capacitive  —— <7
Load ,

Vp2

(D=T1/T2)
RMS

Translormer Reclilfier

Equivalent Girsuit

— A

> ||,
7 HRT -0
R1 -

Vpp/Vp D Irms/lavg Vpp/Vp

IsSpiced

Vit
Winth

.

l=it)

T

P-P
Irms/lave (DC)
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AC RMS

1. 2003 £ 0000 Transformer
Reclifier with a
Capacitive Load

Duty Cycle and Durty Cyale

BOLO0M 3 0000 AMS Current Plot
1 H b

; ; Irmadlavy
] 10000 E

400 008
EE 20 o o 720,00 ET]
Transformer
= 115Vrms
= 50Hz
Avg. DC = 100V
= 16.2Vp-p
= 1000hm
DC
100w 50Hz
DC 100 volts(avg) 16.2Vpp
108.1
68.8Vac(2/m x 108.1)
Vpp/Vp=.15(16.2/108.1) Idc Irms 2.52
DC 1Adc
RMS 2.52Arms
DC 0
162.6Vpk(V 2x 115Vrms) 103.5
volts avg([2/m ]x 162.6)
1.5(162.6/108.1) RMS

1.68Arms(2.52/1.5) DC Transformer
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Pri.
.AC
.DC
Sec.
.AC

Pri

Pri

Sec

Sec.

DC

100 W

50 Hz

103.5 Vavg - (Volts Avg Specified)
1.68 Arms

=0A

= 68.8 Vavg - (Volts Avg Specified)
2.52 Arms

0A

DC VA

VA(Vrmsx 1rms)

VA
L-C

DC

200 Vrms
400 Hz
50 Vdc
15 ohm

161

(192.5VA)



Tranalormer Rectifier H—— oy pr f"\ f\\

Inductive Load Jg ﬂ‘lﬁ U U

—-

pri oy Ipn
1

_l - I | | e
T Sl x
Wor 1 Ele py Vo
Pk T
Esm . 0
ZF 2% M— A A e
p 0

167W(502/15)
50vdc 50 Vavg
( ) RMS
3.33Arms
DC
198VAC .84Arms
= 167 W
= 400 Hz
Pri. = 198 Vavg - (Volts Avg Specified)
Pri.AC = 0.84 Arms
Pri.DC =0A
Sec. = 50 Vavg - (Volts Avg Specified)
Sec.AC = 3.33Arms
Sec.DC =0A
VA 167w 185VA
DC
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D1
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Output voltage: Vo = [k 5 Vin

Vo D
Kt
-1 '
P-P Inductor Current: A, = %[Vn + Vfivdd )
IL P-P Vwd
L
Vv

Avg. Inductor Current: [-or=1, = X

lo Ro
.TJ"Ir".r
Max. Edt (Transformer primary): E“r"lluj.-; ™ F
iw
Fsw

. | I [
Max. Edt (Inductor): Edf, =V + vﬁi'd (1=t

Magnetics Designer
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300 vdc

= 100 KHz
= 17.7 uH
Viwd = .7 Vdc
= .38
(Kt) = 1/20
= 5 Adc
P-P
1= _ [1-3845.7
ml Y Vg | T
o f,|.“.i_| P + Viwu [ |'|':'|':'|K||1T.T‘H H
IMJ = 2Ap-p
6Apk DC
AC .577Arms(lpp/2V 3 )
DC
Inductor
Edt #1 = 35.5x 10"-6 Volt-sec
= 100KHz
PK , Ipk = 6 Apk
AC ,lac = .55 Arms
DC ,1dc =5A
= 17.7 uH

28.5 watts(5.7Vdcx 5Adc)
4-3B
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v ZILREH?DUﬁ—L::]]AVuhﬂu\cﬁ
Leve i 2[] |

A DC

_ e+ Im)
de 2

T Ch B
il 7

RMS

frarrn':_JlJ(f ) +L{.F -1 ]3]
o P TR

:¢mhw4+%m-4ﬁ]:1m3
DC  RMS AC

F{.-(. = 1 -’2-":;';'.'-' = fz-f-'lt'

o= 31032 192 = 2454
[/l

228Vavg. (20x 11.4Vavg.)

DC 0.095Adc(1.9/20)
AC 0.123Arms(2.45/20)
Transformer
= 100 kHz
Pri. = 228 Volts avg - (Volt Avg Specified)
Pri.AC = .223 Arms
Pri.DC = .095 A
Sec. = 11.4 Volts avg - (Volt Avg Specified)
Sec.DC = 1.9A
Sec.AC = 2.45 Arms
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Inductor

954A
(400v) (Lp=1mH)
Kl = 1001 .
£ _lliz Wio=1ENdC
a R lsea L : .t
Ve o =
Vin= " |: I.I
anovas L |
0= 167 I r
%: .—Jﬁus —| Flyback Regulator

AN

Wpri

— 0 Tum
9454

10:1 -

167



10

(Kt2Lp)

Edt

Edt=V_1 =¥, BT

(L ki W

Eef =400 2362107 = 944 x 107 volt =sec

66.7kHz(1/15sec)

A Idc lac
i 157
= — - L = ({}7
i Iy 5 [944)= 0743
ll.H .
_,l'{”_ = .flr:l .Tli]—...".nU:I

- 137 ey
I =845, |—(1-75 = 1537) = 203 A rmis
i 3

9.44Apk

Iy R
frlrf_»g, = =9 fpk = TF‘J.LM} = | RE A

Dl

jl
! =#:%ﬂh3ﬂ?1
L]

(11N

T
I =944 =L

(1=75= 398) = 288 Arms
a¢ 3

Edt #1 = 9.42x 10"-4 Volt-sec

= 66.7 KHz
PK = .944 (Primary)
Pri.AC = .203 Arms
Pri.DC = .0743 A
PK = 9.44 (Secondary)
Sec.AC = 2.88 Arms
Sec.DC = 1.88 A

DC

168

-944Am

1mH

10uH((Kt"2)* Lp)

p_

AC



fact

W.J.Muldoon(

)
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AC

DC



)

B-H

0 (Br)

(Ho)
®) M) B-H
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DC

( B-H
AC
B-H
1

150 ¢ 750 C

( )

50Hz  60Hz

.004  .014
18K 3%
2000Hz
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10kHz 2k .014

Watts/Ib
DC ( DC )
10kHz
Grain-oriented cold rolled steel
(He)
C
)
non-oriented
DC AC
EMI
(30kHz ) 60 400HzAC
750
Iron-Cobalt (Supermendur)
Supermendur - -
.004
)
.002 Supermendur  20kHz 1500Hz
.004 Supermendur 20k 750Hz
Permalloy 80(80/20 Nife)
Permalloy 80 non- oriented80% 20%
.001 .002 .004

.004 .006 .014

Permalloy 80

172

grain orientation

10kHz

AC

K

100

(.001

.002

22k

7500



(30kHz ) DC

(100kHz )
(100kHz ) Permalloy 80
460
Orthonol (50/50Nife)
Permalloy 80 Orthonol 15k
Orthonol 50/50
.001 .002 .004 .004 .006
.014
.001 .002 .004 2000 4000 8000kHz 10k
DC Orthonol  40kHz

Orthonol 400Hz

Permalloy 80 zinc
3 5k
.001 Permal 1oy80
POT El EE ul
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Core LF
100kHz

500kHz

Powdered lrons

14

EMI

¢)

El

HF 100kHz

100 300
- (Permalloys)
(@ 10k
550
DC
Q
low
El  EE
/
Permalloy 80 Orthonol D)
2
CutC
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Torold

Typleal Core

Geomatries

Pot EE(
ED) Cut-C EP

Pot EP  EE(

ED)

profile
EE El
EE EI DC
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Ralalive Parm Ty pacal Core
Material impadance | @ 1 | Operating Application Information
WCurls Temp) | KG. | Freguency Geomelries
i - G4 inch thick mabsral
Sdlicon 2000 50 Hz 1o EILEE. LI, | Primanby wzadl i kow frequency power
Sneal 20,000 22 1: Hz = L Troem B - VNG e Msa uselul in DG
dUnonented) | {-T3000) Laminabions | chokes, sudo iarsiomess, and
powes line AL iInduclon.,

. 004 - 04 inch thick material, Used
E,_';"":I'" 1han | 50 Wz E' IFF B Y in iow #oguency power trom 60 - 1kHz
oo FE e HE s Used In 05 chokes, audic
\Cingiecl) Laminations Irarsformarns, powe lina Indumiors

50 Hz 1o 0R-012 inuh Ihick materesl, Primariy
10,8 1 kHe =2 Cul S, ussd in low beguency power
Sl I-_-'I.-%.-, 1 13-18 Toraid, 3 applcations lmom B0 o 1000 He. 51
IOrenled] . {F Hz 'k Phaza E inch Ihick maleral scmelimes B oosed
I ke 2 Tr D chokes at begup o 30 K
50 Hz 1o Cutc. 3 0= 04 in thich matarial An
ron-Cabal | 30,000 29 2kHz "y it d;: EE mapenEye raleral lhal peioms
Superrmandar | (~8E0C) 5 Hz o _"Itil'i T better than sicon sleel (» Best, ko
Az 2 i GOl ossses)
LOCS- 044 Inch thick material A gond
Hz 1o matarial for o [0as kw Iecuancy
Cxthanod MK 10 &Hz “1 LA, 3 (505000 HY) P r anstormers and
|GIUGD 14-1F Phasa EE, | saturabla raaciam, high perbammanca
MiFa) S0 Hz 10 Torakd Ao ranelemand, Fagh power ok
50 bHz 2 Iraretorman, and DG chokas with &
afnal A fiie (e 50 KHE)
P G00E- 004 In deck malaial. An
E:L:.-Ié I."I" CalC 3 o bnn | material for powsr
Parmallay 7 o th__; EE Iransformars and sorablo resciors.
2l &0 Hr 1o Taroid i high perl. awdio ard high power pulsa
1::” Wz 2 . Iranstormars, and DG chokes with o
» - moias| A T {in 100KHz)
FRalatke pammeakilby yanas as a

Barmalkoy 14-550 ja | 1EHzm Torald, EL hinction af tha particular powdes

Powdar I e I R 200 kHz EE Cian uasd in M Tiers s swiching
et Chiokes:
Prefalive panmeabibty vanes Irom 4 -
o U0 A% A lunclion ol T pariculs
1= 4- 100 i 100 kHew | -
11 araid powder. Most olfen used in HF
[ 3
el fAr) 260 Mz applcatians as EMI ligers and high &
luned drcufts
Panmreabilly yanes as a function of
matarial chioks. Bacausa of halr wary
O - EE. El. Pod. | kow cone kssas at high fraguenciss
— 15,0060 2.5 1 kHE Iix Foargkd, PO, | Ferrilas ara the mast common
s =150 45 | 1oomHz | EG E1D | meteriale used in swhching requisior
45070 B3 powes aind diiva Inarelcimes, Famie
aneg ara oiten gappaid ard uesd in
DG inchuctiors and AF fllens.
*1 High AL fiux applications.
*ZHigh DG flux with & small AS flux superimposad. 203

176



2.
3. “Apply” Magnetics Designer
4.
5. SPICE
50 W
10 Adc  5Vdc
110vdc duty cycle 50% 5.5Vdc
2 11Vpk(Vo/duty) 50% duty cycle
11Vavg 10
0 DC D x Ipeak=.5x10=5 Adc
DC 5Arms  RMS 10Ap-p
Br Bmax
50 55
40kHz 3000
(Core Type)  =POT
=F(Magnetics).

=50

177



(Amb. Temp) =55

= D=50%
=55
=40kHz
Vpri =110Vavg.
Idcpri =_.5Adc
lacpri =_5Arms
V(5v) =11Vavg.
Idc(5v) =5Adc
lac(5v) =5Arms
Bmax <3000

& Magnetice Desiener

IrbEr REE  LEYMD A% a7

HEeh (T I BB I EMRIE | Contents Igetting Startedl
50 W Forward Converter Transformer Design
Example
H
. [
KN v
®
o Magnetics
° F-LF-100C (<100kHz, 100 )

178
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) - Desien Info

Care I Bobbin | Transfor mer | Inductor | IzSpice | Optionz | Wendors | ‘Wire |
| % Transtormer £ Inductor
Family IPOT Ferrite ;l Material IF—LF—1 oG _:_]
!—Oare Browser { Trize = 50 Deg, G ) . IMP.GNETIOS _,‘,'J
Frequency IE Piwwer ID
| Geametry |28mm = 23mm =]
| Auto Select “
| [ Lock Geometry
—Core Material and Geometry Data
Vendar [MAGNETICS Br [1.850k MPL [4.930 Carelit [40.00 Huy 04855
Material |F-LF-100C Esat [3.450k fic |1 280 fiemin |0.9550 Lw [1.550
Muimax |2.5EIEIk E1 §1 800k W Gap OK  Min gap |45EI.Du Bz 131 83
| Pc=Kp* B % f'm* val Cost ’ﬁ“‘“— 1D [1.264 MLT |5.496
I n |2530 Kp |6 500f Winding Shape
I I ép [1.025 & Round Reztore | Bpply |
m {1190 | Wal IE.SZD ' Square Help | Cloze I
® “Design info”
° 40K (40kHz)
[ J
AC Magnetics Designer
o Bp(max)
3k
® Flux Swing
o Add
o Volts Avg Specified
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110(110 volts)

o AC S5(.5Arms) DC

® AC 5Arms

[ ) Trise

Temp) 55

Apply

Hiztory of Core Trials i
- Gieo metry YWirdowe Fill Trize
WA 22mm x 13mm a1 103

2admm x 17 mm 71 ]
26mm x 16mm g2 )
28mm x 23mm a7 a0z
Hintz:

Winding 1 may benefit from using litz wire
Winding 2 may benefit from uzing litz wire

Magnetics Designer 4
28mx 23m

® History of Core Trials ( )

180

5

5(.5Adc)

DC

57%

OK

5A

50

5

(ambient

30.2



Gore | Bobhin  Transformer |Induc:t0r| IsSpice | Options | Wendars | Wire |

Windines [ 1] <1y | 2 | 3 . 4 . ] & Trizelmax) ~User Data———
Sector |2 1 1 ’ED.DD Mazx Strands 2 |
Volts fve Specified &= 1100 11.00 =
N . foramey | Mot [
Lrren ] ] —
DG Current [+ 05000 5000 I | 6 il | I
Wire type | HF HF Flux Swing Care weight 4000
T T D e
wetme |15 % 5 | Full Wave | Efficiercy | 9753
Wire heieht | 6" 3750m 01010 | Half Wave Round Coef, | 0.0000
Wie midth | eg” S750m  04di0 e 4
‘fire Strands e 2 2 finding pitch 1.000
Number of Layers  |@o® 2778 08333 [Tt T [ 2Ee |
D Fesistance & 03240 4614m Primary Turnz &
AG Resistance &g” 09764 1382m Idens (maxh 1000k
Proximity Loss g 0 1] —_i
Start 1D A 1 2 Bpimax) 1000k
Finish D |2 2 4 Fi (Hz B
Primary or Secondary & pri sec (RS IrE Wdrop2 m
Min Strands (multi-filard (2= 1 1 |4U-UUK Ploss 04609 ha|
Pitch - 1000 1.000
Ihsulation Laver & 2540m 2540m Waveform
Thsulation 'Wrapper &= 5080m 5.080m f
Thzulation Margin Ze 5A0m  2540m IPU|SE vl Duty Ratio (50.00 Pct
Leakage Ind. Mext gu”’ 1248u 1]
Leakage (L -» sectar) &' 0 0 Current Rise/Fall |0 Pet
Leakaee (zector <- L} g’ 0 1]
Winding Capacitance G’ 26.49p 1.655p I Adjust Margins for Bobbin
Gapacitance to Mext &g 7058p 1]
Leakage (5 - sector gg” 0 a Use Edt Opti Hi
e maximum flux density = - -— T for Bac &I I~ Hew
IR Drop e 04877 6911 F—_— ,—I
Copper Loss  ||G= 03251 04600 Edt Winding #1 Apply usine fields | fipply
Inaded Viltaee  Jgs 1100 1088 2
split | el | << | > Q4] | _.rl [f Help | Close |
® Apply using fields AC
Field Status Close

31.84

28mmx 23mm
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Sector Dimenzions

fddsector | Auto Width |

Space Before

Delete ssctor | Current Sector Space After

Refresh Fields |

I Ta.20m
Options |

[z

Draming Characteristics

Core Set Golor
[

Number of Sectors |1 LI . i+ Tranzformer Eabbin | set Golar

|1— .Thicionﬂjslg I 7620m C I:f“d?r_u Wire : mll

= Seale to fit Wléih b I 10 o ]]zrg:: 0 Thsulation - Set Oolorl ﬂl

screen Width {em) I1.498 ——
AC DC
Lits History of Core Trials
)
[ ) (“HF) Lits
[ ) Lits
o Lock Geometory
Lits

[ ) New box
® Apply
® Magnetics Designer
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Gienmetry Wiindow Fill Trize
28mm x 23mm a9 25

Hintz:

® History of Core Trials

Gore | Bobhin  Transformer |Induc:t0r| IsSpice | Options | Wendars | Wire |

OK

Pitch

Thsulation Laver
Thsulation Wrapper
Ihzulation Margin
Leakage Ihd. Mext
Leakage (L -» sectar)
Leakage (sector <- L)
‘Winding Capacitance
Gapacitance to Mext

1.000 1.000

TTT22E8E S NN O NEETD VT T SNINE S

iavetorm

!Pulse Vi

Windines | 1] 1 [ e | I 4 ] 5 .1 6 .| 7 «|  Trizelmax —Uszer Data —
Sector |2 1 1 I Trise 2496
Volts fve Specified 1100 11.00 M e
ks Ave nog 11m Kwindow (0 i il || R
urrent 05000 5.000
DG Gurrent 0500 5000 fioo L e
Wire type Litz Litz Flux Swing Total Weight 01027
Ti I 5
Wire AN D Rl | Gopper Loss [ 075
ire height 41.20m 0.17a0 Core Loss 03618
Wire width 41.20m 0.17a0 BT
WWire Strands 2 1 Bacimax) 1000k
Mumber of Layers 35249 08571
DG Resistance 06036 B316m |G ] |
A Resistance 0R936 8316m Output Power 5500
Proximity L 1] 0 i
roxlmlgtaﬁsIsD 1 3 Caloulator 4000
. Finish ID 2 4 Frequency (Hzl Gap 3315m
Primary or Secondary sec
Min Strards (multi-filer) 1 1 Ja0.00k Lmag  [1107m

Jsal

Duty Ratio [50.00 Pet
Current Rise/Fall |0 Pet

I™ Adjust Margins for Bobbin

Leakage (G -> sector) Use Edt .
2 n?aax?rﬁuem fluz tj:r?s?try -— -— — for Bac _QEEEEE“J ™ Hew
IR Crop 03468 4158m i #ppl
Copper Loss 03462 04152 Edt Winding # Ll
| naded Wnltage 1100 1092 2
Split | Del | << | 5> 4] | _.r‘l [f Help | Close
15% Lits
Litz
HF
Foil
Magnetics Designer
AC
. 1
® View Design Info
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"Design info” Magnetics Designer

] Trnasformer Summary

i Untitled - M
Eile Edit Miew Beportz Help
D|S|E| (8] =[2]
Y
TRANSFORMER. PERFORMANCE SUMMARY
Design Name: Designer:
Late/Time: 03/14,/00 15:02:50 Project: Untitled
Notes:
TRAHSFORMER. DESCRIPTION
Core Family: FPOT Ferrite Core Weight [(Grams): 40,00
GeEometry: 28w 23 Total Gap (cm): 3.315m
Haterial Name: F-LF-100¢C Spacer Thickness (cm): 1.6558mw
Manufacturer: MAGHMETICS Window Fill (%): 89.34 |
CORE DESCRIPTION
Eff. Core Area (cm™2): 1.280 Min. Core Area (cm™2): 0,.39580
Winding Length {cm): 1.650 Winding Height f{cm): 0.4555
Avail. Window (cwm™Z): 0.2011 Area Product (cm™4): 1.025
Min. Core Gap (cm): 450.0u Volume (cm*3): 6.320
Inside Diameter (cm): 1.264 Surface Area (cm™2): 31.98
Mean Length Turn (cm) : 5.496 Winding Shape: Found
Max. Permeabilitcy: Z2.500k Max. B, linear u [(Gauss): 1.5300k
J3at. Flux Density [(Gauss): 3.450k Res. Flux Density [(Gauss): 1.5350k
Mean Mag. Path Len. [(om) @ 4.930
TRAHSFORMER. PERFORMANCE DATA
Flux Swing Type: half wave Input Waveform: pulse
Duty Ratio (Fet.): s50.00% Current Rise/Fall (Pct.): 0%
Cutput Power (Watcts): 55.00 Magnetizing Ind. (Henry): 11.0%7m
Fk. Flux Density [(Gauss): 3.220k Core Loss (Watts) : 0.3a618
AC Flux Density [(Gauss): 895.:2 Copper Loss [(Watts): 0.7626
Ayhient Tewp. (deg C): 55.00 Core Awlc [cm®™4): 1.025
Tewp. Rise (deg C): Z24.98 Frequency [(Hertz): 40.00k
Volts/Turn: 1.833 -
4] |
For Help, press F1 |_|NLIM |_ 5
File Print Report ... Save Report...
® View Design Info

(Adjacent sector)

EMI
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o Add sector
e 2 Auto Width
® 45%
Current Sector Current Sector 1
® 55% Space After 10m
1

Disable Redraw

® New Apply

Hiztory of Gore Trials

Gienmetry Wiindow Fill Trize
28mm x 23mm a9 275

Hintz:

® History of Core Trials OK
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Gore  Bobbin | Transformer | hductor | IsSpice | Optiors | Wendors | Wire |

- Sector Dimenszions ——————— Refresh Fields |
fd sector I fiuto Width I Space Before I 30.00m

Ciptiohz |
Delete sector | Gurrent Sector Space After I 10.00m

Number of Sectors I‘I LI Bobbin ' Tranzformer

I 2 Thickness I 3000m ' Inductar
iWidth %) I [ & pri=0

1 C kec=0

Drawing Characteristics

Core - Set Colorl

Eobbin Set Color |
e Set Golor |

Thsulation - Set Oolorl

Seale to fit
p FCreen

Width (i} ID.SW 88
Expart .. |

Help |
Close |

° Min Strands (multi-filar) row

® New Apply

Gienmetry Wiindow Fill Trize
28mm x 23mm a0 208

Hintz:

® History of Core Trials OK
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New Add

Volts Avg Specified 110 AC 0
AC DC
New
Split
>> (Split )
Insulaion Wrapper
15m
Insulaion Wrapper 5m

Insulation Margin 10m Insulation Layer 5m

Adjust Margins fo Bobbin

New Apply
History of Core Trials OK
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® Apply using fields Field Status Close

Gore | Bobhin  Transformer |Induc:t0r| IsSpice | Options | Wendars | Wire |

Windines [ 1] 1 2 | 3 | <#r | 85 | & 17 _a] Trisalma -~ User Data —
Sector |2 1 1 1 2 I Trise EINE
Volts fve Specified - 5500 1100 BR.00 11.00 M R =
volis Ave g SO0 1100 oo00 110 Knindow ) Windine fill § | 6544
AC Current 1] 1] 1] 5.000 I‘“““‘“‘“‘“‘“‘” 0
DG Gurrent &= 05000 1] 0.5000 5.000 100 &—
Wire type |2~ Lite HF Litz Litz Flusx Swing Total Weight | 9671m
Ti T _ P T
Vire ;wé gg Eg gg 262 | Full Wiave 1| Copper Loss 0.8562
ire height g 4380m  9800m  4120m  9400m Core Loss 03618
Wire width go” 4380m 9900m 41.20m 94.00m —_—
ifire Strands 2 1 1 1 2 Bac{mad 1000k
Mumber of Layers  |gg” 1875 08451 1875 3000 T om  [TmEr
D Resistance &' 05256 13890 07947 11.88m S e S E—
A Resistance go* 05309 1621 08027 1200m Output Power 5500
Proximity Loss gg” 3375m 2959m 2753m 1] WW
Start 1D |- 1000 5 1 3 St
. Finish ID & 2 g 1000 4 Frequency (Hz} Gap 2315m
Primary or Secondary & pri sec pri sec
Min Strands (multi-filar? |2 1 1 1 2 Jonook Lmag  [2765m |
Pitch - 1000 1.000 1.000 1.000
hsulation Layer  |&~ E000m  5000m  5000m  5000m Wavetarm
Thsulation Wrapper &= 1500m 1500m 5.000m 5.000m .
Isulztion Margin || #~ 1000m  1000m  1000m  1000m [Fuse =] Duty Ratia [F00 i
Leakage Ind. Mext o’ 5.340u 2356u 1] 0
Leskags (L -> secter) | g1 #0000 O 0 i Ourrent Rize/Fall |0 Pet
Leakage (sector <- L) &d" 0 0 i 1 #0e+000
Winding Gapacitance da” 8907 1.082p 2463p 1898p ¥ Adjust Margins for Bobbin
Gapacitance to Mesxt & 34.20p 35.20p 0 Use Ed
Leakage (G -> sector)  |gg” T147F 1888t 61821 i | stz 15 Opti [ M
e maximum flux denzity = - -— -— —= r for Bac -‘““E“‘I‘D-EE“J ‘) "
IR, Drop &= 0 i} i} 5999m - il |
Copper Losz | 01701  2050m 02262  D5980 Edt Winding #1 : [
| naded Wnltaes g 5500 1100 56.00 1094 h
L | _,j_! ID Help | Close |

Split | Del | << | 5

-
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Gore  Bobbin | Transformer | hductor | IsSpice | Optiors | Wendors | Wire |

Sector Dimenzions

fdd sector | uto Width |

Delete sector I Current Sector
Number of Sectors I‘I LI
I 2

Seale to fit
p FCreen

Width L %)

Space Before I 20.00m
Space After I 10.00m
Eobbin I o0m |
Thickness 3000m
I 55
Width {in2 IUST g8

Refrezh Fields |
Ciptiohzs |

' Tranzformer
" Inductar
& Tri=0
C kec=0

Expart .. |

Drawing Characteristics

Core
Eobbin
e

Thsulation

- Set Color |
Set Color |
Set Golor |

- Set Color |

Help |
Close |

50uH

(Amb. Temp)

(Peak Current)( )
RMS  AC
DC

Avg AC @40Khz

- (Edt)
Vave 12

Edt 300u

=POT
=77_10100K-100C
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2f 2 40k
Magnetics Designer
Magnetics Designer

New

o POT (Pot Ferrite)

Magnetics Designer

Pot Ferrite Fair-Rite 77 _10100K_100C

Magne: et (Th) — Desien Info

Care I Bobbin | Transfor mer | Inductor | IzSpice | Optionz | Wendors | ‘Wire |

| " Transtormer % Inductor

Family IPOT Ferrite ;l Material I'."'."_1 0100K_100C _:_]
- Core Browser { Trize = 50 Dee. C ) ———y Visrelar

i Frequency ID Poweer ID

| ———— Geometry I'."mm x dmm ;I
| uto Selec I

E I v Lock Geometry

—Core Material and Geometry Data

‘endar |Fair-Rite Br |200.0 MFL [1.000 Carelit |0.5000 Hiey 011445
Material [77_10100K_100C | Bsat 3800k A i'."EI.EIEIm fiemin [53.00m Lw 02890
Muimax |4.35EIk E1 iE.ISEIEIk W Gap OK  Min gap |45EI.Du Bz |‘| 0
| Pc=Kp* B % f'm* val Cost ’Er'm— ID J0.2950 MLT [1.351
[ nl2338 | Kp 44201 ap [E059m gingLrLgnghape Restore | [ Apply |
mf1.120 | Wal I'."I:I.I:IDm ' Square Help | Cloze |
[ ]
° 40K (40kHz)
[ ]
° Edt Winding#l
Edt ( ) 300u
o Current Pk Specified 3
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) AC 2
Minimum Inductance

o Trise

®

o (Ambient Temp) 25

®

Gore | Bobbin | Transformer  hductor IISSDic:el Optioris | Vendors | Wire |

DC
50u

8(8ApK)

SA

50

Windines [ 1] <13 | 2 ] 3 ] 4 5 [ ] Trize(mas)
Sector |2 i ’E‘U.UD
Current Pk Specified &= 8000
v 2 & L
Lt 1
Minimum Inductance = 000 100
Lmin &ctual &' - .
Lmax {zero current) e - Pl Swving =
Primary or Secondary Z pri E(: Full Wave |
Wire type A HF | £ Half Wave
TUTI']S —_ (e | User Data
Wire AWG -—
Wire height &’ -
Wire width &' -
ifire Strandz i 1 Calculator 4000
Mumber of Lavers g e
DG Resistance &' - Gap 4500
AC Resistance g B Hz 000
Proximity Loss &' - e A e
Start D |- 1 [40.00k Max Strands |2
Finish 1D & 2 S
Min Strands (multi-filar) |22 1 itaveform
Fitch &= 1000 .
Thsulation Layer & 2540m iPUISE :]v Duty Ratio  |50.00 Pet
Thsulation 'Wrapper &= B080m
Tnhzulation Margin Z- 2540m
Leakage Ind. Mext ad" -
Leakaze (L -» sector) & 1] I Adjust Mareins for Bobbin
Leakage (zector <- L} =58 0
‘Winding Capacitance g Opti 1
Capacitance to Mext &' - ﬂl Jin {22
Leakage G -» sectar) &’ 0 o
& maximum flux density [ Edt Winding #1 Fipply uzing fisldz | Fipply
TR Nrnn 5 A
add | el | << | > [ | _.|_I [3000. Help | Close

® Apply

Magnetics Designer
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Geometry Window Fill Trize

18mm x Tdmm a4 205
22mm x 13mm ita] 908
23mm x 17mm aa J85
Hintsa:

Winding 1 maw benefit from uzing litz wire

23mm X 17mm
Magnetics Designer Litz
® History of Core Trials OK
50uH
Apply using fields Field
Status Close

Gore | Bobbin | Transformer  hductor IISSDic:el Optioris | Vendors | Wire |
Windinegs [ 1] <airr | 2 | 3 [ P 5 | 5 I o| Trize(max) —User Data ————————————
Sector || 1 I Trise 756G -
Current Pk Specified - 3000 . RO
Dg gurren: i gggg Knirdow &0 Winding fill & ﬂ
Lrren ]
Minimum Inductance & B000U |1 oo &U—
Lmin fctual &’ 50.80u . Total Weight B540m
Lmax (zero current) &d” 5080u Flus: Swing e
Primary or Secondary Z pri E(: Full Wave | M
e boe (2 HE | Hek Wave | | Gor Lone | 0207 _
umns ———
WWire AWG e b Bacimax) 1000k
Wire heignt | e 8080 T Ba | TR
Wire width | g’ 80.80m B ] 10K
ifire Strandz 2 2 Calculataor 4000
Number of Layers g’ 3000 T an 0 eoiom |
DG Resistance &o” 1788m Gap 6010m
Pﬁgx?:if;stﬁonsc; % 0-10582 Frequency (Hz) Lmag 50800
Start D |- 1 [40.00k Max Strands |2 hal
Finigh IO & 2 —
Min Strands (multi-filar) |22 1 itaveform
Pitch &= 1000 .
Thsulation Layer e 2540m IPU|SE vi Duty Ratio  (50.00 Pct
Thsulation 'Wrapper &= 5080m
Tnhzulation Margin &= 2540m
Leakage Ind. Mext " 1]
Leakaze (L -» sector) & 1] I Adjust Mareins for Bobbin
Leakage (zector <- L} =58 0
Winding Gapacitance | gg” 2289 o Opti iy N
Capacitance to Mext &’ 0 &I ‘) LfHes
Leakage G -» sectar) &’ 0 Aol |
ROrop |+ 03164 Edt Winding #1 : L
Cionner | nes g 1080 -
split | el | << | > Q4] | _.r‘l T Help | Close |

192



Gore  Bobbin | Transformer | hductor | IsSpice | Optiors | Wendors | Wire |

Sector Dimenzions

Aedsector | Awtowidth | [ "o e T amom
Opti
Delete sector | Gurrent Sector S (iten 2000m plians | Core - Set Color |
Number of Sectars |1 LI Bobbin o " Transformer Babbin Set Colar |
|1— Thickness I - € Inductar Wire Set Galor |
Width (%) I 100  pri=0
5 P I & leec =0 Thzulation - Set Golor
~ cale to fit X . |
screen Width (in? ID.SQ'H

Refrezh Fields |

Drawing Characteristics

Expart .. |

Help |
Close |

MNumber of elements in 172 turn

Mumber of current regions

Far Diia I3

Rel Tal |00

Max Tterations I1 .

30.00m
1.0

Cancel

[ Simple model
[ uze BandL

Help

e[

Gap Resolution

Gap Location

Gap Coefficient

l=ze thiz value for gap
flux denzitw enter 0 for
MD computed

e
A
-
-
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o Apply using fields

® Field Status Close

Gore  Bobbin | Transformer | hductor | IsSpice | Optiors | Wendors | Wire |

Sector Dimenzions
Add sector I Auta Width I S Exfte S0.00m Drawing Characteristice

Opti
Delete sector | Gurrent Sector S (it 2000m pians | Core - Set Golor |
Number of Sectors |1 LI Bobbin T : Transfor mer Babbin Set Colar |
|1— Thickness + Tnductor Wire Set Galor |
Help |

iWidth %) I 100  pri=0
5 . . ! & leec =0 Thzulation - Set Color |
~ cale to fit I Dizable 5 .
screen Redraw idth {in? IU-3971 Claze |
Expart .. |

1
Gore | Bobbin | Transformer  hductor IISSDic:el Optioris | Vendors | Wire |

Windinegs [ 1] <airr | 2 | 3 [ P ] 5 ] 5 | o| Trize(max) —User Data ————————————
Sectar |2 I Trize 974 -
Current Pk Specified &= 8000 T
Dg gurren: i gggg Kavindow () Winding fill & EEEE]
LFren .|
Minimum Ihductance &= B000u I1 o &U—
(szin P.c:tua:! e’ 50.80u Flusx Swing Total Weight B5.49m
Limax (zero current 6" 50B0u T Gomoer Loss | 2492
Primary or Secondary ra ori i Full Wav;‘ Copper Loss 2492
Wie boe |2 HE @ ikl e Gore Loss | 02607
urns B A —
fire AWG P # Bacimax) 1000k
Wire heignt | e 8080 T B | TR
Wire width | g 80.80m _Bx ] 10K
ifire Strandz 2 2 Calculataor 4000
Number of Layers g’ 3000 T an 0 eoiom |
DG Resistance g’ 2078m Gap 6010m
AG Resistance | o 04032 Fi (Hz BEET
Proximity Loss & 0 feduEney e Ll !
Start D |- 1 [40.00k Max Strands |2 hal
Finigh IO & 2 SRS
Min Strands (multi-filar) |22 1 itaveform
Pitch &= 1000 .
Thsulation Layer & 2540m IPUISE :lv Duty Ratio  |50.00 Pet
Thsulation 'Wrapper &= 5080m
Thsulation Marein &= 2540m
Leakage Ind. Mext " 1]
Leakaze (L -» sector) & 1] I Adjust Mareins for Bobbin
Leakage (zector <- L} =58 0
Winding Gapacitance || g 2289p j Opti N
Capacitance to Mext &’ 0 &I Q LfHes
Leakage G -» sectar) &’ 0 L
RDrop  |&= 00864 Edt Winding #1 Apply usine fields | feely |
Cianner | nes e 2407 Z
split | el | << | > Q4] | _.|_I [3000. Help | Close |
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Single Center-leg

® User Data
® Calculator
® FEquation
o

dzer Button

Bpk

Calculator

2+2

(3.8

User

Bpk peak flux density

varlal:u.les : T T o .IJ | oK I
Equation -
Bacmax  User Conztrained Bac max a
Bpk Bmax Flux denzity at the knee of B-H curve Cancel |
2 Peak flux denzity |
Bpmax Ilzer Congtrained Bp max Help I
Br Residual flux density ]
il Bzat Saturation fhux density
build Thicknesz of a winding L
Description |Cn Capacitance to next layer Data Input
Cinz Leakage T > zectar)

A place to p

Copperitt Weight of windings
Coredt  Gore weight

Cigion |4_

w | Calculator

cost Cost zelection factor
Evaluate ||4.EIEIEI
LI LIJ Units |Defau|t ices) LI
Equation
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® Evaluate

OK

variables

ink Peak flux denszity

Equation

Bk,

Kl

Dezcription

A place to play

[ Data Ihput
Precizion |4
Button Label ! Calculator

iE.EIEEIk

Units |Defau It ices)

[

3.020KGauss(

)

3.8KGauss

Gore | Bobbin | Transformer  hductor IISSDic:el Optioris | Vendors | Wire |

Iheulation Lawer
Thzulation Wrapper
Thsulation Margin
Leakage Thd. Mext
Leakage (L -» sectar)
Leakage (zector <~ L)
‘Winding Capacitance
Capacitance to Mext
Leakage (5 -> sector?
F. Drop

Gonner | nas

Split | Del | << | 5

-

!Pulse VI

Edt Winding #

_,ILI ISUD Ou

Duty Ratio (50.00 Pet

I™ Adjust Margins for Bobbin

Optionz | ) I Mew

fipply using fields |

fpply

Windinegs [ 1] <airr | 2 | 3 [ P 5 5 I o| Trize(max) —User Data ————————————
Sector || 1 I Total Weight  5549m = |
Current Pk Specified &= 8000
G Current |2~ 2000 Kirdow (51 Copper Loss 2492
DG Current &= 5000
Minimum Inductance Ze B000u |1 oo Gore Loss 0.2657
Lmin fctual &’ 50.80u . Bacimax! 1000 |
Lmax Eero current) &g B0.80u Fluz Swing — —
Primary or Secondary & pri g(: Full Wave
Wire: type LS HF | Half Wave i Galoulator
Tune |2 15 = =
fire AWG 2 byl Gap G010m
Wire heieht | g’ a0a0m T Llmee | BoBhu
Wire width &g 80.80m Lmag 50.80u
Wire Strands I 2 Max Strands 2
Mumber of Layers gg” 3000 .
DG Resistance g’ 2078m Min. Turns 1
AC Resigtance gu 04932 Frequency (Hz) Round Coed. 0.0800
Proximity Loss & 0
SartlD |2& 1 [40.00k Gore weight 2000 |
Finigh IO & 2 RS e
Min Strands (multi-filar) |22 1 itaveform
Pitch &= 1000
r
Z
2
&
&
&
6"
&'
&
=
L7l

Help |

CGlose
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Appendices

DC

A - RMS
B -
C -
D -
A -
Appendix A - Waveform Formulas
Wawveform Irms Idc lac{rms)
- Tele fdc £
I rr i
= | | I D I;r.f.l'l-:l - D]
fp— 7—
- T fpaef I 2 Tpr=d 12
S e
- ,/\ /\ i i Jrjquj;
Nt 3 '
I;J.I!I r fjl:.\{i
2 3
]
| 'r"'""lE :T I
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Appendix A - Waveform Formulas
Irmis Ide lac{rms)

Waveform

-'Pm

I3 | Tpy+ dame) =S
- of Iy ™="FIF

- 'l i
J2
i
fde .‘E
2 | 4
—in Ip.|———
- T ¢ 2 "
| 1
n 200
'y |r|rr — —[ |
= 2 R

cgs units

Abob

Ac
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Aj
J

element
Ak

Amin/Acmin

Ar

Asurf/As

Aw

AwAc/Ap

AwAcl

AwAc2

Bsat

AWG

none AWG

cm4

cm4

cm4

American Wire Gauge
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B1/B

Bac

Bacmax

Bpk

DC

Bpmax

Br

Bsat

Build

build

DC

Max B

AC

Bac
AC

DC

excursion

Bpk

DC

excursion

Q)

200

cm

AC

AC

Br



Center Tap

Cn

Cns

Copper Loss

CopperWt

CoreWt

Cost eligibility remove

Cs

CTflag

dB

Dp

drivenWinding Driven Winding
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Dsq

16AWG DS AWG  SQ

e Volts

Edt -

30 V. 10y sec Edt

Fl

Foil Foil

FlagFlux

Fr Rac/Rdc

DC AC

gap cm
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OK

GetGauge

gmin

gName

HF

Hw

lac
lac DC

Foil
h=mt /74

Heavy Formvar wire

RMS

AC RMS

Irms

RMS AC
P-P 2
.707
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cm

cm
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lavg
AC

Idc DC
Idc

Interleaved Windings

Interleaving AC

Ipk

Ipk

IR Drop

IRMS RMS
RMS

isPrimary

isPrimary(

DC

Ipk

Idc+lac
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Amps

cm

Amps
Idc

Amps

Ipk

Volts

Amps



isSecondary

Jmax

Jn

Jopt

Kac dc

DC

Kcond

Kconv

Kd

K

KFill

isSecondary

AC

Amps/

Amps/

Amps/

Amps/

Joules/Deg K

Rac/Rdc real

Watts cm-degC

1.108x 103

/watts degC
710

%
%

fill
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fill

Kgap
Kgap( )
Kins watt/cm-degC
Kp Watt-sec™m/  Gauss™n
Kr Ohm- /cm
Kround
Kw
packing fill
8 .95.
Kwire
1

5 .9

1 cm
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Litz
AC

Lj

Lmag

Lmax

Lmin

Ln

Lnom

Lns

loaded Voltage
0

Litz
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cm

cm

Volts



Lp

Lps
Lw cm
end end

m

L
min gap cm

.0005cm

Min.strands
Magnetics Designer
Min.Turns
Magnetics Designer
MLT cm
MLT] ] cm
]
MPL cm
mueff real
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muMax

musat

NextAwg

NL

Nmax

Np

Ns

Nsmax

Pcore
AC

AC

Bac

AWG

Max Strand User Data
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real

real

integer

integer

Watts

NL(



Pcore( T) Watts

Pcu Watts
Pcu( T) Watts
Pi Pi
Pi
Pin VA
pitch Wire Widths
Pitch real

0
prevAwg

Awg

proxLoss Watts
Ptot Watts
Pwndg Watts
Q DC AC
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Fr

r /
R Amp-turns/Maxwell
Rac AC Ohms
Rac
Rdc DC Ohms
DC
rho Ohm-cm
rhoTC Ohrm-cm/Deg C
S Interleave
s=.5
s=0
sd cm
sectors
0
SF Small Formvar

Shield,Electrostatic
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Foil

Sq Square
Heavy

Square

Tamb

Tleadflag

Tlevel

Magnetics Designer

(

th

thot

ti

tm

Ti
J
(Nj/Np)

Square
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cm

cm
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Tlevel integer
(0,1,2)

Trise

TriseMax Max.

tw cm

usekEdt
Edt Bac
Transformer Edt

volt-seconds Mag-amps

Vavg Volts

fsw

Vol
cm™3 Watts

watts

Vspec Volts
Transformwer/ Inductor

wireArea cm

wireArea( )

wireHeight
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wireHeight
wireHeighttx cm
wireWidth cm
wireWidth (
wShape
0

T
u
uc
uk

k
uo H/cm
(4t x 10"-9)
ur
( 1 )
usat @Bsat
B-H

(0} Maxwel s
p Ohm-cm™2/cm
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(

c -
Hi = 41 NI
s 2R Lo e
dr dr
AC
Vive 107

ac =N AcF whete Vave = 3 § EAs

i
Bp= i 1 2 Bae
in= g 1 |+ 2B
\ * e
M I
dr BN Ipk Az Np T ik
o i=1 _ i=l
Bpk=—7 7 —= Ac R
whars
LI T L W1 7 m fi
B=.Z ’m:: =L adm t A
k= k=1 k=1
i
_ATNS X107~
B I
where
L P modHe mo ok
REZogy = B e N
k= k=] k=]

AT = 710 Pr:-ar
Asurf

1.72x 10(-6))
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Fid
Peu =" pit)J* MLT K*wire Kw Aw

3 3
Pwndg = Ide™ Rde + lac™ Rac

Popre = Kpr R _f'm Vil

! 4Peyl AT)
| p(0) MLT K wire Kw Aw

Jopt =

Poorel AT) g
Bopr=| ————
O |: K.l" -Ir... I

(AwAcq - )

[last | g

EVi L sl

| .l' =1 |

T Ko K wire | Jopr Bope

(AwAcl - ) : Bsat

AwAg =

| ‘” |
ed| BT Troms | = IIffIﬂ
| f=1 |
2 Ko Kwire J Bac

AwAcl =

(AwAC2 - ) : Bsat

[ n i | P
Lp| £ Tidrms LT Ipk (210
[ =] Fom ] |
L s i) I
Awdcl = Ko Kwire J Bpk
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Peare 2
rm =

Pru "

DC Resistance of Winding |
o T MLTI N

ke Awirg;

whara

AT =rho+rhoTCxT

DC AC

HH
Fi =.1.'[.F1+]—[ = ! F3]
Hi®

H1  H2
Hi

"wire" boundry

- -’Nﬁ

fip

Hp= i -
g pf

Tha term F3 can be approximated by
F3 = (sinh(x)-gin(x) cosh{t)+eas(x))
While
Fi = (ginh{2"x) + sin(2"x) W cesh(27x) - eos{27x)))

H1 = H2 = Nisum/(Lw) I O
I*1*Fr*Rdc

Miseem w piteh |

Plf=0)=2Rdc x| F3
L N Lw 1
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