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PREFACE

This special report containg detailed instructions on the use of

two computer-aided design programs for use in designing the energy-storage

‘reactor for both single-winding and two-winding de-to-de converters.

Step-by-step procedures are given to illustrate the formatting of user
input data. These procedures are illustrated by eight sample design
problems and computer rums which include user input and computer program

output.
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INTRODUCTION

1.1 DESCRIPTION OF PROGRAMS

DC1DC is a program for the computer-aided design of the
reactor element and/or the evaluation of the steady-state
operating characteristiqs of any member of a family of single-
winding energy-storage dec-to-dc electronic power converters.
Any one of the three converter circuits shown in Pigure 1 may
be coupled with any one of three types of conirollers--constant
frequency, constant transistor on-time or constant transistor
off-time--for a total of nine possible systems,

DC2DC is a similar program for the design of the reactor
element and/or the évaluation of the steady-state operating
characteristics of the two-winding voltage step-up/current step-
up converter cirenit shown in Pigure 2. This converter circuis
may be coupled with any of the three previously mentioned types
of controllers to yield three distinet converter systems,

The design of the reactor and the steady-state evaluation

of the coanverter are based on models of the converter cirecuits

-which meke certain simplifying assumptions., These assumptions

are given in Seetion 1,2,
‘User inputs to the programs include the type of converter/

controller combination desired and a set of design requirenants

which the system-must meet. In executing a design or evaluation
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request, the program makes use of a stored data base consisting
of a ecatalog of magnetic core data (usually from manufacturers’
catalogs) and a table listing available sizes of megnet wire.
The reactor design(s) produced by the program include core
catalog information, number of turns, wire sizes muifarhnm
other design parameters.

In addition to the reactor design routineg, an algorithm
is included in the programs to assist in the evaluation of
certain steady~state operating characteristics of the coanverter/
controllier combination, This evaluation algorithm may be used
to automatically evaluate the computer generated design(s) or
it may be.used independently to evaluate a previously generated
design or a design computed by hand. Ouiputs from the evaluation
algorithm inelude: miﬁimﬁm,'maximum; average and RMS values for
+the reactoﬁ current(s), the RMS value of the current through the
capacitor, pulse widths and frequency of'opefatidn, power losses
in the various components and the converter efficiency, These
output varisbles are computed over the user'specifiéd operating
range of the converter in increments of input voltage and output

power also specified by the user,
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1,2 DEVICE MODELS

The design and evaluation algorithms used by the programs
are based on eircuit models which make certain simplifying
essumpbtions [l] . ‘The following discussion of device models
applies to all three converter cireuits shown in Figure 1 as

well as to the two-winding circuit shown in Fighre 2.

1.2;1 Tranéistor.Model

qu the design algorithm, the transistof collector~emitter
is modeléd as & switch with a constzﬁt forward voltage drop
(switech closed) and infinite reverse resistance {switeh open)
as indicated by the equivalent circuit and V-I characteristic
shown in Figure 3., It is further assumed that the transistor
base current is.négligible.. buring the tfanéistor on-time
(T ON) the switeh is closed. A%t the end of this interval, the

switeh opens and remains open during the transistor off-time

(T OFF)., It is assumed that switching takes place over &

negligible time interval,

For design evaluation purposes, the transistor qollector-
emititer is modeled as 2 lumped linear éaturation registance as
shown. in Figure kb, The power loss in the collector is computed
by taking the prdduct of the saturation resistance and the

sgquare of the RMS value Qf_the gollector current.
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1.2.2 Diode Model
Both the design routine and the evaluation algorithm
assume the diode acts as a constant voltage source in series

with an ideal diode as indicated by the eguivalent circuilt

and V-I characteristic showa in Figure 5., Again, it is assumed

that switeching takes place over a negligible time interval,

1.2.3 Reactor Elemenit Model

It is assumed that the magnetic core'is-operatéd in the
linear range of constant permeability as shown in the B-H
characteristic in Figure 6., The design routine is carried
out assuming that winding resistance is negligible, The
evaluation algorithm aséumes a lumped lineer winding'resistance

(equal to the product of the computed windaing lengih (meters)

and the resistivity (ohms/meter) of the wire size) in caleulating

the power loss in the winding(s). The winding losses are
computed by multiplying the winding resistance by the square

of the RMS value of the current in the winding. Pover losses

in the magnetic core are approximated by use of Legg's eguation
[2] . Tatal core loss is computed as the sum of three frequency
dependent componenfs, hyéteresis loés, eddy éurrent loss and

residual loss, These three loss components are related to the

gore loss resistance by Legg's equatiorn in modified form:

i}

2
= : +
Rae er. (aAB 10 T+ ef +oef )
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10
Where:!
'Rac = gcore loss resistance
”r = relative permeasbility
L = inductance (henries)

2 = hystereais loss coefficient

c = residual loss coefficient
e = eddy current loss coefficient
AB = flux density excursion (tesla)

£ = frequency (Hz)

The hysteresis, residual and eddy current loss coefficients

are available from manufacturers! dzta sheets, Power loss in

the core is approximated by multiplying the core loss resistance

by the =zqguare of the RMS value of the fundamental component of
the winding current, Legg's eguation is strictly valid conly
under the conditions of sinusoidal flux and low flux~density
excursions. Although these conditions are seldom met in the
converter operation, Legg's equation is the best approximztion

given the presently availeble core data,

l;E.h Capacitor Model

It is assumed that the capaciftor is so large that there
is“negliéiﬁié ripﬁle voltage at the cdhvértér'oufﬁut. ‘To
appfoximate power loss in the capacitor, the evaluation

algofithm assumes that the capacitor has a lumpéd linear

effective series resistance (ESR). Power loss in the capacitor

is approximeted by taking the product of the ESR and the sguare

of the RMS value of curfent.through the capecitor,
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1.2,5 Controller Model -
The controller 15 assumed to be ideal in that it draws no g?
'current from the load and it operates with negllglble time .
. , !
f delay., _ _ S = ® 4
% 1.2,6 Input Vo}tage_Magnitﬁde : o : o ;-““'g
| Therminimum input vol#age is assumed to be always larger ‘ ; g
than_the transistor_saturation voltage drop, ? %
' 1.3 THE DATA BASE S - . _ _ i é' .%
é The dats base consists of two sectiqns, & core catalog ?E %
:g and a yire-size table. The brograms use the data base along .
i : : i
5 with the design—requirement data in executing an assigned task. :g
5 Unlike the design-reguirement data, the data base will be T |
modified infrsguently. Thus, once the data base is constructed * 2
§ and stored in some fashion which allows the compufer to eccess T; %
f S | the information (i.e, cerds, magnetic disk, ete,), the user e ;
? need not concern himself with the data base untll such time as _2 %
| ‘he desires to make rev151ons or addztlons to thls data.. Part' ' ”?§ |
II of this manual deals with construction and reV1510n afthe -
data basa. . ' R o B : R - ;éi . “.§
, i N
i 1.3.1 The Core c’at‘alég:" L T T S
5‘ The Core- Catalog consists of daua concernlng the ava11able __§€ ___;§
\ | ”magnetlc cores, It contalns core dlmen51onal data, manufacnurers' [ |
catalog numbers and loss coefflclents (see Sac»lon l 2, 3) for 7 | ;Eﬁ' _' ;
' ' -
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the values of relative permeability evailable, The data in *he

core catalog is usually obtained from manufecturers'’ core

catalogs.

1.3.2 The Wire Table

The Wire Table gives the eross~sectional area and resistivity
of the available sizes of magnet wire., The area of each wire

size is listed for bare wire as well as for single, heavy,

 triple and quad synthetic insulated wire, The wire-table data

is usually obtained from wire manufacturers' data sheets..

A e a2




14

PART T —-— USE OF THE PROGRAMS

PRELIMINARY INFORMATION

Phe designer, in u51ng either Program DCLDC or DC2DhC, must

input a set of design reguirements whlch the program will use

along with a stored dabte base in e&ecutlng the a551gned task,

Part I of this menual deals with the use of the program for

carrying out design and evaluation problems and centers on the

E input of design-requirement data. T+ is assumed in Part I that

the stored data base_is.already availatle for use, Part II

deals with the construction of the data bese.

2,1 PROGRAM PROCEDURES

DCL1DC and DC2DC offer three design/evaluation procedures

to the user. Procedure DSHN1 produces a 1ist of up to fifty

usable resctor daesigns for & given set of design reaulrements,

and evaluates as many of these designs as the user desires,

Procedire DSK2 allows the designer to have 2 single design

! computed and evaluated wsing a specified magnetic core. The

third procedure, EVAL, may he used to evaluate any'previously

completed design.

|  2.1.1 Procedure DSNI

In Procedure DS N1, the user lnnuts to the program uhe type

of converter/controller comblnatlon de51red and a set ol

_speclflcaulons for the system. All cores in the core catalog

are checked by tne nrogram for W*nuablllty under the constralnts"

L Y L -
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imposed by the desigs specifications. A list of up to fifty
usable designs is printed out, inecluding manufacturers'! core
numbers, value of relative permeability, value(s) of induectance,
number of turns, wire size(s), winding faetor, and various
operating paraﬁeters. Beginning with the smallest volume core,
each of these designs, up to & user specified maximum, is
evaluated under steady-state conditions over & user specified
range of input voltage and ocutput power., Outputs include:
minimum, meximum and RMS values for the winding current(s), RMS
value of the vapacitor current, pulse widths and freguency of
operation, power losses in the core, wire, itransistor, diode and

capacitor, and the estimated converter efficiency.

2.1,2 Progedure DSN2

Under Prccedure DSN2, the user may specify that a design

be computed and evaluated Pfor 2 specifie core. The designer
simply enters the integer core number from the core catalog
along with the relative permeability and the design reaquirements.

By entering dimensionzl information, the user is also allowed

to request that a design be generated for a core which is not

in the cdre catalog., Also, if a value of relative permeability
other than & catelog value is required, the user may enter loss
coefficienﬁ'infofﬁation and request a design for a2 particular
core having the_entered value of relative permeability. If
loss coeffiéienﬁs are.not suﬁﬁlied, defaunls falues will be
assumed (see Section 3,4.3), The outputs under Procedure DSKH2

are tne same as those under Procedure DSN1l, except that cenly

o

Po
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the specified core cen appear in the windable core list. IZ

the core entered should fail to meet the design specifications, )
s message to this effeet will be printed by the programs, .
2.1,3 Procedure EVAL A . | =
_;;
Under Procedure EVAL, the user may enter a completed design o
of & reactor element and reques%.that an evalﬁatioﬁ be ??
: Ll

performed, The evaluation is performed under steady-state
conditions over s specified range of input voltage and output
power., As in Procedure DSN2, the core size and relative

permeability heed not be in the core catalog in order.for a

design to be evaluated, However, the wire size used must be in

the wire table. To use Procedure EVAL, fhe designer must iaput

the core number_(integgr)_of the core used, the relative”_
permeability of the.core, the number(s) of.turns, the AWG wire
size(s) and the number of cores in the stack., If a core wﬁich

is not in the ecatalog is used, dimensional information must be ié
supplied. Similarly, if a value of relative permeability ﬁh}ch “I
is not in the catalog is used; information of the-loss,coefficientsil
may be given. If loss coefficignﬁs are-not_supplied, default - e
values will be assumed (sge Section 3.,4%,3). The outputs from 1 o
Procedu;e-EVAL include: miqimum,-ma;@mum_gpé_BMS”values Tor ﬁhg' %%
winding current(s), RMS value of the capacitor current, éulse |
widths and freduency fo_opaf&tibn,;pgwetﬁlosSes,in_the various = éJ

components and the converter effjisiency,
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2.2 INPUT FORMAT

The input data for the programs is entered in the form of
eighty-~character records. In the instruections for preparing
~ the date, each such record will be refered to as = "card"

although the input data may not necessarily be in the form of

computer cards, For example, it may be convenient %o store the

data base on magnetic disk or tape to reduce the number of

punched cards which must be hendled, Each record, or "card”,

F’ is divided into a varying number of data fields with each data i
J field containing the value of a particular variable., The field :i
]: descriptor, or format, indicates what type of data is contained Q
- in & particular field. The fieid'descriptors for each of the 3;
J; variables on a card are glven in the 1nstructlons and are one ?
5:1** of the standard FORTRAN IV field descripiors dlscussed in the |
_ i

following gsections [?] .

2.2,1 1 Format

The form of the I format is: Im where m is an integer
H; greater than Zero. The 1nueger m 1nd1cates the number of SPaces
i .

allocated to the fleld. Varlables whlch take on 1nteger values

_1n the nrogram are read in under the I format., Any column

wmthln the flEld whlch is left blank w1ll ‘be read as & zero.. F
Thus, it 15 1mnortant that all varlables read in unaer the I :
i

B —

format be rlght Ju 1ed. Characters other than dlglts, plus

ey

_and mlnus are 1nvalld in 1 flelds.__qu,an example .of the use

of the I format, see Figure T.
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2,2,2 F Format:

The form of the F format is: Fm;n.where m is an integer
greater than zero and n is a integer greater than or egual to
zero. The letter F indicates that this variable is a fixed point
decimal number. The integer m_indicatgs the number ﬁf Spaces
allocated to the field and the integer n inﬁiéates the number
of decimal places present in the number. Placing a decimal point
ﬁithin the field ovérridés the value on ﬁ and is suggested. Use
of 2 decimal point allows the placement of the:nuiber anyvaere
within the m épaces. Characters other than digits, plus, minus,
and decimal point are invalid under the F format, For an example

of the use of the F format, see Figure 8.

2.2,3 E Format

The form pf_the E format is: Em.n where m is an integer
greater than zero and n ié an integer greater than or equal to
zero. The E ' format is used to read floeting point decimal
numbers'vith integer exponents, The integer m Zives the number

of spaces allocated to the field and the integer n indicates the

- number of decimal places present in the aumber, Use of & decimal
P ,

point within the field overrides the value of n and is suggested,

EZxponents are entered by placing either an "E" or a2 space

. betwéen the mantissa and the exponent. Blank columns ere read

as zeros, so the exponent should be right justified in order for

its velue to be read properly., For an example of the use of the

E format, see Figure 9}
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2.,2,4% A Format

The form of the A format is: Am where m is an integer
greater than zero. The letter A indicates that this is an
glphanumeric field. ALl keyboard cherascters are vaiid under
the A format. The integer m gives the number of sPaEes
gllocated for the field, The A format is used to input
variables which are words or groups of symbols, such.és the
name of a2 magnetic core manufacturer, For an example of the

use of the A format, see Figure 10,

2.2.5 Cheracters
Use of charecters within designated fields other than
those listed below will usually result in severe errors which

will either terminate the program or give invalid results.

FORMAT _ VALID CHARACTERS

I Digits, +, =

F Digits, +;, =, decimal point

E Digits, +, -, decimal point, E

A | ' A1l keYBoard charasciers
2.3 THE DATA DECK

The Data Deck is the total set of inputs to the program.

and consists of the data base and the gontrol cards. The

programs read.the data base'first, fdllowed'by'the control cards

as shown in Figure 1l. Section 3, discusses the control cards,

It

o
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Under An AL Format
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CONTROL CARDS

The control cards are read immediately after the data
base and are the means by which the user inputs converter design
speeifications and indicates which of the thrée'proérém'
procedures is desired. There are seven Lypes of control cards,
although ali geven.types neéd not be used on a given run. The
nemes and order of the control cards are shown in Figure 12.
Sections 3.1=3.5 give instrﬁctions for preparing the control

cards for Program DC1DC. The number, order and function of

the control cards for Program DC2DC are the same 25 those for

Program DC1DC. However, in several of these cards~-specifically

the Type/Procedure Card, the Design Specification Card and

-the EVAL Card-~there are slight differences between DPrOgrams.

Sections 3.6-3.9 glve jnstructions for preparing the Control

Cards for Program DC2DC..

Tn the instructions whiech follow (Sections 3.1-3.12),

sections which epply to only pone of the two programs will have

titles which include the relevent program name as illustrated
in the title of Section 3. 1. Titles of sections which apply
to both programs will nod contain any reference to the program

name as seen in the title of Section 3.1.2,
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3,1 TYPE/PROCEDURE CARD-~PROGRAM DCLDC

.The Type/Pfocedure Card is the firét card in thé control.
deck,. It specifies the type of converter/conuroller comblnatlon
desired, controls the listing of the catalog, Speclfles the
program procedure desired and gives certain parameters used
in the design evaluation algoritﬁm. Phe format of the Typé/
Procedure Card for Progran DCLDC is given below (see alsc

Figure 13). A sample card is shown in Figure 1k,

COLUMNS FORMAT PARAMETER
2-5 Al Converter/Controller Type
7-8 N A2 Catalog Print Fezture
10-13 AL - Program Proecedure
14.20 IT Meximum Number of
Evaluztions to be
Performed (DSN1)
21-25. F5.0 7 Input Voltage Increment
: ' ' ' S - : {volts)
Output Power Increment

26-30 F5.0
_ ( watts)

e el . _
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3,1,1 Converter/Controller Types—-Program DCIDC

The +type of converter/controller‘combination thet is to

be designed and/or evalusted is indicated on the Type/Procedure

Card by the use of the proper converter/controller code, DC1DC

may oe used to aid irn the design of any one oY the three circuit

configurations shown in

Figure 1 in conjunction with any one of

three different types of controllers. The correct converter/

controller code for each of the_nine possible converter systens

is given below.

CODE

rQVU

THVU
TEVU
FQCU
THCU

TFCU

CONVERTER TYPE

Voltage
Voltage

Voltage

Current

Current
Current

VYoltage
Current

Voltage
Current

Voltage
Current

Sfepnup

Step-up

Step—u?
Step-up
Step-up
step—up

Step-up/
Step-up

Step-up/

Step-up

Step—up/_

Step-up

CONTROLLER TYPE

Cdaétant
Constant
Constant
Ccnétant

Constant

Constant

Constant

Constant

Frequency

On-time
Off-time
Frequency
On-time
Off—timé

Frequency

On-time

Constant Off-time

A

il
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3,L.4 Evaluation Paramebers

The Tnput Volitege Increment and the Output Power Increment

determine the conditions under which the design ﬁill be
evaluated., First, the input voltage_is.set to its minimum value
and the design is evaluated firsf for the minimum oufput.power,
- then for the minimum power plus the power increment. The power
is incremented until the maximum output power is reééhed or
exceeded, Then, the input voltage is increased by the input
voltage increment and the process 1is repeated, When the inpub
voltage reaches or exceeds its maximum value, the evaluation
routine is terminated., If the Input Voltage Increment apd/or
+he Output Power Tnerement are set equal to zero, the progran

will assume a defsult value. The default velue for the Inpui

Valtege Tnerement is one third of the specified input voltage
range and the default value for the Output Power Increment is
one fifﬁh of the specified output powér TANEE. The minimum

and maxlmum values for the input voltage and the output power

are SU&leled on the De%zgn Speclfl-aulon Card. R ' . !:
3.2 DEBIGHN SPRECIFICATION CARD~-PROGRAM DC1DC

The second card in the control deck is the Design

Speclflcatlon Card. The de51gn speclflcatlons are entered on

+his card in the Iormat given below (see also Flgure 15). A o
sample De51gn Speclflcatlon Card 15 shown 1n Flgure 16, .The
meaning of the design speclflcatlons is dlscussed in Secflon .. '; o

3.2}1-

"



COLUMNS

i-5

6-1.0

11-15

 16-20

21-25

26-30

31-35
36-40
hl-hs
46-50
51-55
56-60

61~T0

72-75

T6-80

3.2,1 Design Specifications

FORMAT

F5.0
F5;0
F5.0

F5.0

F5.0.

' F5.0

F5.0
F5.,0
F5.0
F5.0
I5
i5

E10.3

AL

I5

PARAMETER.

Output Voltage (volts)

‘Mipimum Input Volbtage (volts)

Maximum Input Voltage (volts)

Minimum Output Power (watts)

Maximum Output Power (watts)

On-time, O0ff-time or Freq.
(depending on Controller)
 {MNsec or KHz)

Residual Flux Density (tesla)

Minimum Flux Density (tesla)

Maximum Fiux Density (teslz)
Maximum Winding Faector

Min., No. of Cores im Stack

- Max. No. of Cores in Stack.

Reciproca% Current Density
{m®/ampere)

Wire Type

ﬁin. No. of Strands of Wire

The maximum Pflux density speeification sets an upper limit

for the flux excursion,

The computer design algorithm is such

that the peek flux density of 2 computed design will reach this. -

#ditage'énd'outpﬁﬁ7powér..7 -

specified maximum at some point within the design range of input

e i L B e g : . ST
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The minimum flux density esteblishes a lower limit for

the flux excursion. The design algorithm insures that the
ninimum instantaneous Fflux density of a2 computed design will

exceed or equal this specified minimum at every point within

the design range. This specification may not be chosen to be

less than the specified residual flux density of the magnetic

material, If the minimum flux density specification is chosen
to be greater than the residual flux deansity, 21l computer
generated designs will operate in Mode 1 (continuous conduction
mode) over their entive design range. However, if the minimum
Tlux density specification is chosen to be equal to the residual,
then the generated designs may operate in Mode 1 over the entire
design range; or, in Mode 2 (discontinuous conduction mode) over
the entire range; or, in Mode 1 over some portion of the range
end in Mode 2 elsevhere, It should be noted nowever, that while
it is possible to force completely Mode 1 operation by choosing
the minimum flux density specification to be greater than the
residual, it is not possible %o force the program to generate
designs which operate in Mode 2 over the entire design range of
input voltage and output power,

The maximum winding factor determines which cores are

acceptable designs. The winding factor is computed by taking

the area of the winding(s) (based on the cross~sectional ares

of the insulated wire) and dividing by the window area.of the

magnetiq core. This corresponds to the fractional part of the
core windowrwhich is filled by the winding(s); Cores which

require winding factors greater than the specified maximum are

!ff_ | E‘ﬁif‘”f j,-- l o :  A‘}__mm_-“"fufmw_1if,ﬂf“mmwwiﬁMi_ R




¢ et vy

37
rejected. This parameter is ignored in the evaluation portion
of the pregrams, Winding factors greater than one are not
allowed in Procedures DSN1 and DSHZ2,

The mipimum number of cores in the stack and the maximum

number of cores in ithe stack 2llow designs with staﬁked cores
to be genersted., If fifty usahle designs are not found for
the specified minimum core stack, the stack height is auto-
matically increased by one and the design procediure is repecated.
The stack height will be increased in this fashion until Pifty
designs are found or until the specified maximum number of
cores in the stack is reached.

Often, it may be desired to use more than one strand of

wire for the core winding{s). The minimum strands of wire

parameter(s) allows designs to be made with stranded wire.
It the largest wire size in the wire table will not meet the

reciprocal current density specification with the specified

minimum number of strands, the number of strands is aunto-
matieally increased by the design algorithm until this spec-

ification is met, There is an internal default value of ocne

for the minimum number of strands. When using Procedure EVAL,
the minimum strands of wire parameter must be set eaual to the

number of strands actually used in the design being evaluated.

'In Program DC2DC, there is a minimum strands of wire specification

for both primary and secondary windings of the two-winding

‘reactor (see Section 3.7).

)
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3.2.2 Wire Types

Four types of wire coating are asvailable in the program,
The user selects the desired fype by entering the correct wire
type code in the field provided for this purpose on the Design

Specification Card. The wire type codes are given in the table

below.

CODE | | WIRE TYPE

SING Single Coating--Synthetic Film Insulation
HEAV ' Double Coating~-Synthetic Film Insulation
TRIP Triple Coating--Synthetic Film Insulation
QUAD Quad Coating--Synthetic Film Insulation

3.3 ELEMENT LQSS CARD

The Element Loss Card gives parameters used to calculate
approximate pover losses in the elements of the converter
circuit other than the maghetie core, The formét'fdr'thié
card is given in the table below {see =alsa Figure 17). A
saﬁﬁlezElement.Ldss‘Card'is.shOVn'iﬁ Figure 18: Section 1,2
discusses the device models and power loss caleulstions, If
any of fhé'Paraméﬁérs ﬁniﬁhé'ﬁiéﬁenﬁ"LQSS Card are entered as

zero (or left blank), the program will assune that the corres-

‘ponding device is lossless,
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COLUMNS FORMAT PARAMETER

1.5 F5.0 Transistor Saturation Voltage

{(volts)

Collector Current for above
{amperes)

6-10 : F5,0

11-15 "F5.0 Diode Forward Drop (volts) .

16-20 ‘ F5.0 Capscitor Effective Series

Resistance (ohms)

3.k DSH2 CARD AND EVAL CARD

3.4,1 DSH2 Card

Iﬁ Procedure DSH2, the program attempits to compute a-
design using a specified magnetic core, The DSN2 card is used
only if the DSN2 procedure has been specified on the Type/
Procedure Card (see Section 3.1). It contains the integer size
number and the relative permeability of the core for which a
design is desired. %Yhe integer core.nuﬁber mey be obiained
from the catalog listing produced by the progrgm.j This infor-
mat;on is found on the catalog listing under the heading "SIZE
¥0.", The format of the DSN2 Card is given in the'table*hglow'

(see 2lso Figure 19), A sample DSH2 Card is shown in Figure 20.

COLUMNS FORMAT ' PARAMETER

1-5 A 15 Core Sizé Nﬁmhér'ffoﬂzcataiog

i1-15 15 Number of Cores in Stack

Relative Permeability of Core

I T T
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3.4.2 BVAL Card--Program DCLDC

In Procedure EVAL, Program DCLDC evaluates a design ii
entered by the user., The EVAL card is used only if the EVAL
procedure was specified on the Type/Procedure Card (see Section
3.1}, The EVAL Cerd contains the integer size ﬁdmbér of thé
core, the relative_permeability, the number of turns,_wi?e
size and number of coﬁes in tbe.stack. The infeger"éore number
may be obtained from the catalog listing produced by the program.
This ihformaﬁion is.found oﬁ the catalog listing under tﬁe.
heading "SIZE N0,". The format of the EVAL Card for Progranm
DCLDC is given in the table belﬁw (see also Figure 21), A

sample EVAL Card for Program LE1DC is shown in Figure 22,

COLUMNS FORMAT ' PARAMETER

1-5 IS Core Size Number from Catalog

.

6-10 : F5.0 Relative Permeability of Core |

[N

ro

11-15 I5 ' Number of Cores in Stack

<l

16-20 IS5 Number of Turns of Wire E

21-25 15 Wire Size (AWG number) -

e
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Figure 21, EVAL Card--Program DCLDC .
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3,h,3 Procedures DSN2 and EVAL with Cores not in the'Catalog R

If either a core size or a relative permeability value

(or both) is not in the cabalog, it is still'possible to use

Procedures DSN2 and EVAL.. Slmnly enter a zero or blank for

k9 the core size and/or permeebility on the DSNE or EVAL Card. If

8 zera (or blank) was entered for the core size number, an

additionsl card must be added immediately following the DSYB or

EVAL Card which gives_the_aimensional information for the core

used. If a zero {or blank) was entered for the value of relative
permeability, an additional card must be added giving loss coeff~

icient information on the entered core =and its value of relative

P —
[ A—
e Tt N L

permeability. If both parameters are entered as zerc {or blank),

+hen both extre cards are needed, The dimensional data card

- follows the DSN2 or EVAL Card and.the loss coefficient data card

follows the dimensional data card. The formats of these extra i

cards are the seme as those of the Core Geometry Card (Section:

6.4.2) and the Loss-Coefficient Card (Sectiom 6.3). The loss

- coefficient informatibn'is used only in the evaluaulon algorithm,
}4 If loss coemflclents for an entered value of relative permeability

are given as zero (or left hlank), the Drogramns will use values

from the catalog which ere for the cataloged value of relative ]

lﬁ 19 . permeabmllty whlch is closest o the ertered value. - | L 8
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3,5 QUIT/CONTINUE CARD

The final.car& in the control deck should have & zero in
column one, ILf more than one design and/or evaluation is
desired on a given run, use a éard with 2 one in colﬁmn one
follQWed by another set of control cards, This may be repegated

for as many design and/or eveluation requests as desired.

PROGRAM DC2DC

3.6 TYPE/PROCEDURE CARD--PROGRAM ncanc

The Type/Procedure Card is the first card in the Control

. Deek for Progrem DC2DC. It specifies the type of controller

desired, controls the listing of the catalog and gives the

desired design constraint option and -the design constraint.

In adéition, the Type/Procedure card lists the evaluation

parameters described in Section 3.1,4. The formaet of %the Type/

Procedure Card is éiven in the table below {see also Figure 23).

A semple Type/Procedure Card for Program DC2DC is shown in

Figure 24,

© coruMms FORMAT PARAMETER
2.6 AS Converter/Controller Type
g-9 . o oo AR Catalog Print Feature
11-1L . T Ak Program Procedure

-




praMle e

el
[

- ] ! I f sk 3
L9
COLUMNS _ FORMAT : : PARAMETER.
15-20 i6 Design Constraint Option

21-25 75,0 Design Constraint Value

26-30 15 Max. No. of Evaluations to
be performed (DSN1) . e
31-35 F5.0 Input Voltage Increment
(volts)
36-L0 F5,0 Output Power Increment

(watts)

3.6,1 Converter/Controller Types-~Program DC2DC

Program DCEDC'may be used for the design of the reactor
element a2nd/or the evaluation of the operating characteristics
of the two-winding voltage step~up/current step-up converter
coniigurasion sﬁown in Figure 2..'This converter ciréuit mey

be coupled with any one of three tyves of controllers—-—constent

frequency, constant transistor on-time or constant transistor

off-time., The cdnvertér/controller code indicates which of
these three possible systems is to be designed and/or evaluated,
The correct converter/controller code for each possible type of

controller is given bhelow.

CODE PYPE OF CONTROLLER

FQ2UD R o S : Constant ?reqﬁéncy
THN2UD . Constant On-~time
TF2yDd | ' Constant 0Off-time
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3.6.2 Catalog Print Feature

On request, Program DC2DC will print out a listing of the
core catalog and wire table. The use of this feature is
jdenticzl to that of the Catalog Print Feature in Program DCLDC

and is discussed in Section 3.1.2.

3,6.,3 Program Procedure Codes

The Program Procedure Codes indicate which program procedure
is desired.. These codes are identical to those for Program DC1DC
and are given in Section 3.2.4k. The Program Procedures afe

discussed in Section 2.1.

3.8,4 Design Constraint Optioﬁs-—Program DC2DC

FPor the two-winding voltage step-up{current step~up circuit
éonfiguraﬁion éhown in Figure 2,'knowlédge of the éonvérter.
oyerating range and the magngtic core parameters is not sufficient

to uniguely determine values for NS and NP [h] « This provides

an additional degree of freedom in the design which may be useful

4o the designer, Progrem DC2DC makes use of this exira degree
of freedom by 2llowing the user to select any one of ten Desizn

Constraint Options. Each of these options places & constraint

on the allowable values of ceriain converter system parameters.

The scitual numerical value of the particular constraint is

jréfered.tc a5 +the Design Consitreint Value. The user specifies

the desired Design Constraint Option by entering the integer
option number from the list below in the field provided on the.
Pype/Procedure Card (see Section 3.6). The Design Constraint

Value, Ui’ is also entered on the Type/Procedure Card,
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DESIGN CONSTRAINT OPTION .

-
Duty Cycle Centered a%b Ul
Minimum Duty Cyele = U2

Range of Duty Cycle Variation

Max, Transistor Collector-Emitter

Voltage = Uh volts

Max Reverse Diode Voltage = U

Max. Peak Transistor Current = U6 amps

Mzx, Peak Diode Current = UT

Meximum Duty Cycle = U8

n
=4
4

Total Number of Turns

Turns Ratio = NS/NP = UlO

the total period.

3.,6.5 Evaluation Parameters

Mhe Evaluetion Parameters consist of the Input Voltage
Increment and the QOutput Power Increment, These Parémeters are

discussed in Section 3,1.4 and serve the same function in both

transistor on~-time %o

Program DC1DC and DC2DC.

L ) |
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3.7 DESIGN SPECTFICATION CARD--PROGRAM DC2DC

"The design specifications ‘are entered on the Design
Specification Card as indicated in the table below (see also
Figure 25). A sample Design Specitication Card for Program

DG2DE is shown in Figure 26,

COLUMES FORMAT PARAMETER

1<5 . F5.0 Output Volitage (volis)
6-1.0 ' F5.0° Minimum Input Voltage (volts)
11-15 F5.0 Meximum Input Voltage {(volts)
16-20 c ' .~ - F5,0 Minimum Output Power (watts)
21-25 . F5.0 Maximum Output Power (watts)

On-timey Off-time or Freg.

(iepending on controller)
(ysee or Kiz)

Residuel Flux Density {(tesla)

36-40 | g | F5.0 Minimum Flux Density (tesla)

bi-45 o F5.0 ‘Maximum Flux Density (tesla)

k6-50 ¥5.,0 Meximum Winding Faetor

51-55 :' o I35 " Minimum No. of Cores in Stack-

56~ 60 . ‘15 Mexipum No. of Cores in Stack

6170 o - E10.3 '~ Reciprocal Curreht Density

_ (me/ampere)
72-75 Ak Wire Type |
Min, No. Strands--~Primary

79;86 | ' - 12

-
P
[
Sk
R
wd

Min. No. Strands-—Secondary -

W
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Figure 25, Design Specification Card
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3,7.1 Design Specifications

The meaning of certain of the design specifications 1s

discussed in Seceticn 3.2.1.

3.T7.2 Wire Types

Four types of wire coating are available in the program,.
The user selects the desired type by entering the correct wire
type code in the fleld provided for this purpose on the Design
Specification Card. The wire type codes are given in Section

3,2.2 and are identical to those used in Program DCLDC.

3.8 ELEMENT LOSS CARD

The Element Loss Card gives parameters used in computing
approximate power LOSS in the transistor, diode and capacitor.
The format of this card is given in Seection 3.3 eand is the sane

as that used in Progyam DC1DC.
3,9 DSW2 AND EVAL CARD

3.9.,1 DSN2 Card

In Procedure DSN2, the program attempts to compute & design
using.a specific magnetic.core. The DSN2 Card is used only if
the DSN2 procedure was_specifipd on the Type/?rocedure Card
(Seetion 3.6), The format of the DEN2 Card is identical to that

used in Program DCLDC and is discussed in Section I.h4,1.
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3.9.2 EVAL Card-~Program DC2DC - - - ) ? -
In Procedure EVAL, the program svaluates & desizgzn entered |
by the user. The EVAL Card is used only if the EVAL procedure 2
was specified on the Type/Procedure Card (Section 3.6). The f
BYAL Card give§ the integer size number of the cbré,nthe rélative
permeability, the number of cores in the staeck, the ?ire sizes, ) :
énd fﬁé nﬁmber of.primary aﬁd sécoﬁdary turas., The inﬁégéi core ;i -

size number may be obtained from the "SIZE NO." column on the

catalog listing produced by the program. The format of the EVAL

T T

Card is given in the table below (see also Figure 27}. A sample _?1 é 4i

EVAL Card is shown in Figure 28, ; '1

o

- . _ _ _ “ i' ji

COLUMHS FORMAT PARAMETER - -
1-5 o - . Is Core Size Number from éatalog . ﬁ
6-10 F5.0 Relative Permeability of Core .| |

11-15 15 Number of Cores im Stack .

16-20 I5 . Number of Primary Turns ' -g

21~25 ' I5 . Wire Size of Primary Winding . C

|

26-30 _ IS5 . Number of Secondary Turns . S i e

31-35 , 15 Wire S8ize of Secondary Winding ‘- |

: . i

i i

L |

|

1

.

1

o .

i |
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' 3.9.3 Procedures DSN2 and EVAL with Cores mot in the Catalog

T+ either a core size or a relative permeability value
(or both) is not in the catalog, it is still possible %o use

Procedures DSN2 and EVAL, The method foxr using this feature

" is identical to that used in Program DCLDC and is discussed in

Seetion 3.%.3.

3,10 QUIT/CONTINUE CARD

The fingl ca:d in the control deck should have a zero in

column one. If more than one design or evaluation is desired on
a given run, a card with a oue in column one may be used followed

by another set of control cards. This may be repeated if desired.

_This feature is identical to that used in Program DCLDC.,

3.11 ASSEMBLING THE CONTROL CARDS

- The Control Cards fqr-ProgramszDCch aznd DC2DC should be |

placed in the following order as shown before in Figure 12:

1, f%ype/Procedure Card -~ For Program desired (DCLDC or pcane) -

2. Design Specification Card -- For Frogranm desired (DC1DC or

pca2me)

3, Element Loss Card

4. DSN2 or EBVAL Card -- Only used if Procedure DSN2 or Procedure
EVAL was specified on the Type/Procedure

Card

‘5. Gore Geometry Card -- Only used in Procedures DSN2 and EVAL

¥heno the core size is not in the
Cetalog

o
J

4
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6. Loss-Coefficient Card--0nly used in Procedures DSN2 and
EVAL when the vaelue of relative
permeability is not in the catalog

7. Quit/Continue Card
3.12 ASSEMBLING THE DATA DECK

The data cards should be placed in the following order as

shown before in Figure 11:

1., Core Catalog Cards
C _ : : : o - The Data Base
2, Wire Table Cards h :

3. Control Cards

“
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PROGRAM QUTPUT .

Figures 29 and 30 show sample outputs from Programs DCipC

and DC2DC respectively. The values'pf the oubtput varisbles in

‘these Tigures have been replaced by integer note numbers.

Section 4.1 relates the integer note number to the meaning of

the output varisble or symbol. The output variebles and

sre also defined in the Aﬁpendix. Many of the outpui wvar
have the same meaning in both programs, Thus, in these ¢
the particular variable in Figures 29 and 30 will be refa
to the same note number in Seetion 4.1, If a note applie

only one of the programs, the correct program will be cle

indicated in the text of the note. Otherwiss, program nemes will

not appear in the note.

symbols
iables
ases,
renced
s to

arly
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h.l PROGRAM OUTPUT VARIABLES AND SYMBOLS

OUTPUT VARIABLE

”Cdnverter/Coﬁtroller Code

Type of Converter/Control-
ler (Program DC1DC)

Type of Comtroller (DC2DC)

v OUT
v IN MIN
v IN MAX

® OUT WIN
P OUT MAXr

V SAT

I COLL

V DIODE

CAP ESR

T ON, T OFF or FREQ
{depending on. controller)

B RESIDUAL

Kbl —
g r—
|

——

NOTE

See Seetions 3.1.1 & 3.6.1

See Section 3,1.1

See Section 3,6.1

The regulated converter
output veolitage (volts)

The specified minimum
input volitage (volts)

The specified maximum
input voltage (volts)

The specified minimum
output power (watts)

The specified maximum

output pover {watts)

The transistor saturatlon
voltage (volts) '

The currént in the'colléétor

of the transistor at which
the saturation voltage was

|

messured {(amperes) T i
A 1

ok ‘ 1

The diode forward drop. A
(volts) T 1
The effective series - S
resistance (ESR) of the . — ‘gﬁj
capacitor (ohme) SO 1
The constant parameter of e
‘the controller, either i -*:i
transistor on-time, trans- G
istor off-time or freguency T
(Hsec or KEz) . . e
The residual flux density = ,,{3
of the core material —
{tesla) koo
T

o :i

o _
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QUTPUT VARIABLE

15 B MIN

16 B MAX

17 WIND FACTOR

18 MAX CORES

19 WIRE TYPE

20 RECIPROCAL CURRENT
DENSITY

21 MIN STRANDS

22 MIN PRI, STRANDS

23 MIN SEC, STRANDS

2l DESIGN CONSTRAINT

25 SIZE §O,

26 MANUFACTURER'S WO,

a7 MANUFACTURER'S NO.

B e (T TR
| i R

!(i

:

w
%
NOTE :
The specified minimum ;
flux density (tesla) :
i.
The specified maximum }
flux density (tesla) i
: . : i
The specified meximun E

allowable winding factor .

The specified maximunm
allowable number of cores
in the stack

See Section 3,2.2

The specified minimum
regipxocal'current-density
(m“/ampere )

The specified minimum no,
of sitrands of wire to be
used in the winding (DeCiDC)

N : ' Yy . o
! e o

The specified minimum no,
of strands of wire to be

used in the orimary wind-
ing (bc2pc) |
The specified minimum no. A

of strands of wire to be 5_
used in the secondary wind-
ing (Dcapc)

See Seetion 3,6.L {Dc2pc)

|
The integer core size no, jz'i
from the catzlog (see : a
Section 6.%) : i

The particular core number. pL

from the catalog of the

Tirst core manufacturer f
(in this case, Megnetics)

The particular core number ?.
from the catalog of the B A

Second core manufacturer

(in this case, Arnold

Engineering)

T T e e g e e 2 L
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NOTE HNO, QUTPUT VARIABLE NOTE «
23 MU k The value of relative

permeability of the core

P
29 N - _ _ The number of turns of ik
I I : ' wire in the winding (DC1DC)

30 NP ‘ The number of turns of :
Sl S wire:'in the primary wind- - o f:mm%
ing (bcapc) '

o 31 AWG The AWG wire size used in it
o] : o L : the winding (DC1DC) -

e 4

| 32 ~ AWG PRI, The AWG wire size used in
: the primary winding (DC2DC)
33 I | The computed value of
. induectance {mhk) (DCiDC)

i

3k~ . - PRI. IND - - The computed velue of pri- P )
: mary inductance (mh) (DC2DC) ; :

35 s _ The number of turns of w1re
o e ' in the secondary winding
(nca2oe)

36 AWG SEC, The AWG wire size used in
: : ' ' the secondary winding
(DCEDC) :

‘ 37 SEc; IHD _ _ The computed value of the Sk
2 _ . _ . | B _ secondery inductance (mh).
: - (pcape) : "3

38 WDG.FPAC S : - The computed value of the - i J

: C S ' T vinding factor, defined as L i
the ratio of the area of BE :

the core window filled by B %

the winding(s) to the total ' |

window area of the core B i

39 DSN MODE The mode of operation whieh

S : R TE S - ocelurs- at the design point - R

in the PO-VI plane [4] . 5

A "1" denotes Mode 1 oper- o

ation (continuous conduc- -

_ N . _ tion) ‘and & "2"implies . . - !

{ , ' - : - Mode 2 (discontinuous cond- -
£ ' : ' : uctlon) operation. (DCiDC)

E o o R , (see Seection 3.2.1)
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QUTPUT VARIABLE

0P MODE

IB MAX

IBP MAX

IBS MAX
IXRMS MAX

IPRMS MAX

ISRMS MAX

~peak reactor current takes

'RMS reactor current takes on ?'

renge of the converter

NOTE

A value of "1" for this
variable indicates that

the converter operates in
Mode 1 {continuous conduc-
tion)} everywhere within i
the design range. A value :
of "2" indicates that the
converter operates in Mode

2 (discontinuous conduction)

at least somewhere within B

the design 1-a'.nge
The maximum value that the

on over the entire design
range of the converter
(Dcipc)

The maximum value that the
peak primary current tekes
on over the entire design
range of the converter
(bczne)

The maximum value that the
peek secondary current takes
on over the entire design
range of the converter
(Dcanc).

The maximum value that the
over the entire design
(Dcipe)

The maximum value that the
RMS primery current takes

on over the entire design
range of the converter

(bcazpe)

The maximum value that the
RMS secondary current takes

. -on over the eniire design -
- range of the converter

(Dg2pe) }

|
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1]

NOTE NO, QUTPUT VARIABLE - ' NOTE

k7 ICRMS MAX The maeximum value thait the e ;
' RMS capacitor current takes _ o
on over the entire design c

range of the convarter

b8 REACTOR AREA The cross~sectionel area
of the magnetic material
in the core stack used

49 PATHE LENGTH The mean magnetic path
: . lengith of the core used (m)

I ST T

50 CORE Wi¥. AREA The area af the core
window (m“)

51 REACTOR LENGTH/TURN . The mean length/turn of L
' : the wound reactor, computed
on the seme basis #@s the
core length/turn parameter
(see Sec, 6,4.,2) (m)

52 REACTOR HEIGHT The height in meters of
: : : - the core stack

53 _ REACTOR MAGSS The mass of the wound :
. ' - reactor, neglecting the P
mass of the wire insulation Yol
(kg) . S

5% . WIRE LENGTH . The length in meters of the L
wire used in the winding, S
based on e 40% winding fecior
(pcinc)

.55 PRI, WIRE LENGTH The length in meters of the
wire used in the primary
winding, based or a2 L40%
winding factor (DC2DC) -

56 . WIRE RES. The resistance in ohms of
- TR,  the winding (DC1DC)

|

j

i

. | |
5T , PRI. WIRE RES. . The resistance in ohms of o
the primary winding {DC2DC) - ,*1
i

|

|

58 SEC. WIRE LENGTH The length in meters of the
: : wvire used in the secondary iy
winding, based on a L40% i
winding Teetor (DC2DC) o




e o AT T T st AT

v

oo

[

B e
EN, |

NOTE HNO.

59

60

61

62
63

6h
65
66

67

68

69

TO

OUTPUT VARIABLE

SEC. WIRE RES

PO

14

IAP

IAS

1B
IBP
IBE

T O or T'QFF
(depending on controller)

FREQ

FREQ or T ON
{depending on controller)

IXAVE

NOTE

The resistance in ohms of
the secondary winding
(pca2nc)

The converter oubtput power
(watts)

The minimum value of the
reactor current over a
cycle {emperes) (pcinc)

The velue in amperes that
the primary current takes
on at the beginning of the
transistor on-time (DC2DC)

The value in amperes that
the secondary current takes
on &t the beginning of the
transistor on-time (DC2DC)

The maximum value in amperes
that the reactor current

tzkes on over & cycle (DClDC)'

The maximum value in amperes
that the primary current
takes on over a cycle (Dcanc)

The maximum value in amperes
that the secondary current

takes on over a cycle {bc2nc)

The transistor on-time

(T oN), or that portion of
the trensistor off-time
during which the reactor
current is greater than zero
(T'0FF). (DC1DC) (Wsec)

The converter frequency
(kgz) (DC1DC)

freaguenecy in
the trens-
(T OX) in

The converter
KHz (FREQ) or
istor on-itime
Usee (DC2DC)

The average value (amperes)

of the reasctor current
(pcipc)

S e

T

.
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78

79

81

82
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QUTPUT VARIABLE

IXRMS
IPRMS

IBEMS

ICRMS

LOSSES TRANS

LOSSES DIODE

LOSSES WIRE

LOSSES CORE

LOBSES CAPAC

LOSSES TOTAL

EFF/MASS

e AL i . <k ok e S e b o

et

NOTE

The RMS value (amperes) of =
the reactor curreant (DC1DC)

The RMS value (amperes) of

" the primary current (DC2DC)

Th= RMS value (amperes) of 5
the secondary current
(Dc2pe) - B

The RMS velune (emperes) of
the gurrgnt in the capacitor

Estimated power loss (watts)
in the transistor (see Sec.
1.,2.1) Y

Estimated power loss {wabts)
in the diode (see Sec.
1.2,2)

Estimated power loss (wabis)
in the reactor winding(s) ;
(see Sec. 1.2.3) SR ol

Estimated power loss (watts) =
in the magnetiec core
material (see Sesc, 1,2,3)

Estimated power loss (watts)
in the capacitor {see Sec.
1.2.h4)

Estimated total power loss
(watts)., Computed as the
sum of the transistor, diode,
wire, core and capacitor
losses '

Estimated converter effec-.
iency {%#). Computed as the
ratio of the output power

to output power plus losses

The estimated conggrfer
effeciency divided by the
mass of the wound reactor

T T
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SAMPLE PROGRAMS

The five sample programs given in Sections 5.2 -5, 6 offer
possible uses of Program DCLDBC in the solution %o a hypothetical
design problem. The seme design problem is attacked.through the
use of Program'DCQDc in Sections 5.7-5.9. These sets of-p:ograms
begin with specified design requirements and work toward two
completed reactor element designs (a singleéwih&ing'dEEign'from’
Program DCLDC and a two—w1nd1ng design Trom Provram DCEDC) using
the computer programs as tools. The procedure followed in
completing these designs is structured so as to illustrate all
of the avallabTe progran procedures and is not intended to be
illustratioe of & "typicel" design procedure. A single design
problem was chosed so ﬁhat-simiiarities.and difforenoes in the
program outpuit could be more readily compared zcross the set of
program ﬁrocodores. Also, thé use of =a single‘design problem
serves to more clearly illustrate some of the n0531ble advantages
ocffered by the Design Constraint Options provided by Program DC2DC,
In the following sections, the previously adopted convention of

including the'relevent program name in the title of each section

.will be continued. Eeciions whose titles do not mention a2 part-

icular program name (i,e., DCLDC or DC2DC) apply to both sets of

sample programs,




Ts
5.1 SAMPLE PROBLEM

~Design a reactor element for a voltage step-up/current . step-

‘up converter with a constant frequency controller which will meet

the following set of design requirements:

Output Voltage 2h,0 volts
Input Voltage Range 6.0 to 16,0 volis
OQutpuit Power Range 10.0 to 20.0 watts

Converter Fregquency ' ' 13,0 KHz

Also given are the following paerameter vslues for the cireunit

components:!

Transistor Saturation Voltage 1,0 volt @ 10,0 amperes
Diode Forward Drop 0.6 volt

Capacitor ESR 0.10 ohn

By cornsulting manufacturers' core catalogs. it is determined

that the Residual Flux Density of the core material is on the

Ordér of 0.01 tesla., From manufacturer's data a value should also be

selected for the maximum operating flux density so thaet the program -

assumpﬁibn that the core operates im its linear region is satis-
fied, Assume that = value of 0.36 teslz will satisfy this assum~
ption..

Finally, assume the commonly used values of 0.4 for the

mazimum allowable winding factor, 5.067 * ].'C)"T malampere {= 1000

circular mils/ampere) reciprocal current density and that heavy

coated wire will be used for the winding(s). The maximum value

gt
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.of +the winding factor is_iutermined largely by the techniqgue

used for winding the core a2nd the wire size., Experience is the
best guide for choosing a méximum allowable winding factor. The
reciprocal current density value chosen may vary with application
and typé of packsage or other ecriteria and the type of ﬁire

coating chosen depends on turn~to-turn voltage level and possibly

.other factors.

5.2 SAMPLE PROGRAM #1 -- PROGRAM DCLDC

As a starting point, Sample Program #1 uses the DSN1 pro-

cedure of Program DCLLC to obtain a list of usable single—ﬁinding_

resctor designs for the circuit of Figure l-c. By refering to
Sections 3,1 - 3.6 it can be seen that most of the required

input data has been given in Section.S.l. How the minimum number
of cores in the stack, the minimum number of sitrands of wire, the
minimum value of flux density, and a set of parameters for use in
the evaluztion must be selected.

Setting the minimum flux density equal to the residual flux

density insures that both designs which operate only in Mode 1
(continuous conduction mode) and those which operate both in

Mode 1 and Yode 2 (discontinuous conduction mode) will be pro-
duced. Unless space or wire stiffness is =z problem, designs with
only oneé core and one strand of wire would normally be desired,
Choosing a one core minimum stack and the minimum number of
strands = 1 will allow such designs to be compute&; '-lso, agsume
that designs which have & stack height of two cores or less are

required.

i e W T, TS T ST e T ity e e i e s e 2 . R b T 2 e g r 1 At e e
¥



For illustration, the first three designs ars evaluated in

Té

Sample Progrém #1. Since both the input voltage range and the

output power range cover 10 units, setting the input voltage

inerement and the output power increment equal to 2.0 units gives

evaluations &t six wvalues of output power for each one of six

values of input voliage, i.e, thirty-six evaluation points,

5.2,1 Design Requirement Input Data-~—-Sample Progranm #1 (DC1DC)

The following is a complete summary of the input data:

Converter/Controller Code
Catalog Print Code

Program Procedure

Output Voltage |

Input Voltage Range

Output Pbﬁer Rénge

Converter frequency

Residﬁal "lux Density

Hinimum Flux Density

Maximuﬁ Flux Densiiy

Maximum Winding Factor

Wire Type Code

Reciprocal Current Density
Kinimuﬁ FNo. of Cores in Stack
Maximum No. of Cores in Stack_
Minimum Na. of Strands of Wire

Transistor_Saturation.Vqltage

FQUD
NP
DSN1L

2h.0 volts

6.0 4o 16.0 volts

10.0 to 20,0 watts
10.0 KHz

0.01 tesla

0.01 teslsa

0.36 fesla

0,h

EEAV

5,067 # 10"7 mg/ampere
1 | |

2.

1

1.0 volt € 10.0 amperes

_____
\
|
|

e

w7

T
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7
Diode Forward Drop : ' . ‘0.6 volt
Capacitor ESR : . 0,1 ohm
Maximum No. of Evaluations . 3
Input Voltage Incrementd 2.0 volis
Output Power Increment® 2,0 watis

5,2.2 Control Cards~-Sample Program #1 (Program Deine)
The control cards for Sample Program #1 are shown below.

Sections 3.1-3.6 give instructions for preparing theée cards;

Faln bk DENL 3 2. Z. e e
=4, 5, 14, tw, B, 1. IS R & B .Y 4 i 3 8, 1STE-U7 HEAY
1.8 18 .81 L)

n "

ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂUﬂﬂﬂﬂﬂﬁﬂﬂﬂﬂﬂﬁﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬁﬂﬂﬂﬂﬂﬂﬂﬂ

1

.oogapooda .
11:asE1|smnuuuﬁmnmumnnnunﬁuaunnunnﬁnnnnwuuuuuuauanxﬂnmsmﬂuummunnﬁumuﬂmnunuﬁmnnumi
1111!l|llli¥1l111l|11|1lllllilillllllllil1lli|llllillilIlllllll!llll]lllllllllll1

5.2.3 Results of Sample Program #l--Program DELDC

The results of Sample Program #1 are given on the following
pages. FProgran DC1DC has produced & lis® of Tifty single-wind-
ing'reactor designs which will meet the design requirements.
The list of designs gives the manufacturers'! catalog numbers,
relative permeability,'number of furns, wire size, and winding
faetor for_each usable design as well as other parameters. Note

from the print out that 211 of the designs generated'usé.only one

core in the stack. A4lso, many of the designs operate in Mode 2

a00008050006000087 .
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{(discontinuous conductdion mode) over some portion of the oper-
ating range, This ecan be seen érom the "OP MODE" column of the
design 1ist. Note a2lso that the actual winding factor, as seen
in the "WDG FAC" column, is less than the specified maximum of
0.4 for all the listed designs.. By noting the RMS v#lue of the
reactor current from the "IXRMS MAX" column and applying the
reciprocal current density constraint, it can be seen that the
program has chosen the correct wire size in all ceses,

In the design evaluations, the output gives the same design
information as was given in the design list., However, additionzl
information on the reactor is also gifen.- As desired, thirty-six
evaluation points have Deen produced with six values of ocutput
power for each of six values of input voltage, fote that the
value of IA is equal to zero over some part of the design range
for those designs whose "OP MODE“.is equal to two. The last two
ecolumns in the evaluation output give estimates of the converter
efficiency and the efficiency/mass. The EFF/MASS column may be
particularly useful in comparing designs in terns of performance-

to-weight,
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Section 5.1 the constraint that all designs operate in Mode 1

5.3 SAMPLE PROGRAM #2--PROGRAM DC1DC

Now suppose that to the design requirements given in Y

{continuous conduction mode) over the entire design range is
added. This is satisfied simply by making the minimum flux . .f
density greater than the residual flux density. Let the minimum

flux density be 0.011 ftesle and make another run using the DSNL

procedure of Program DCLDC. All other design requirements will

remain the same as those used in Sample Program #1.

5,3.,1 Control Cards--Samnple Program #2 {Program DC1DC)
Phe control cards for Sample Program #2 are shown below.

Seetions 3.1-3.6 give instructions for preparing these cards,

LU/ PO § NS (& B - S 3 1 3 G.U5YE-07 HEAY ]

UOﬂﬂﬂﬂﬂﬂUﬂﬂﬁBBBﬂ'ﬂﬂUﬂﬂﬂﬂﬂUDBGEUUUUG'BG&UUUGUUGUﬂﬂﬂﬂﬂﬂﬁﬂﬂﬂﬂﬁﬂﬂﬂﬂﬂﬂﬁEUUI][][I{I :

2T IBET RSN WIS 22930173326 357637333940 41 47 4324 4545 47 4L4950 51 525354 5555 57 SO SSE0 GIS2 634 ESEGETCAERIO I R 3N TSTE I el dp :

AR R R S R AR R A SRR R SR A R RN N R RN R AR R R R R R R R R R R R R R RN O

— o D
—
— D
L —]
-, 3
— - O
—-
—

R —— e g A ot e eyt 1 . S—— ~ 0 d




eI o et - e A it § e P T T b 4R

T

e e e

rm—
[
JU—
-
—
e

8h

5,3,2 Results of Sample Progranm #2w-Preogram DC1DC

The results of Sample Program #2 are given on the following
pages, Frogram DC1DC has again produced = list of fifty usable
deslzns. However, note from the "op MODE" column that w1l of
these designs operate in Mode 1 (continuous conductiﬁn 1ode)
over the entire operating range. Note also that the pregram has
added a core Lo the stack in order to produce Tifty designs. By

comparing the output to that from Sample Progrem #1, it can be

seen that most of the Mode 1 designs produced by Sample Progranm

#1 have also been produced by Sample Program #2. Phis is due to

the fact that the total sllowable flux density range is almost,

tut not gquite, the same in both cases,
Hote from the evaluation output that the value of IA is

greater than zero over +he entire design range of the converter.

Also, since larger core sizes have been used, the efficiency/

mass of the designs evaluated in Sample Program #2 is less than

+hat for the designs evaluazted in Sample Program 71,
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5.4 SAMPLE PROGRAM. #3--PROGRAM DCLDC

(2=

Note from the results of Sample Program #2 thait core size

el

o~ number 24 is the amzllest usable size even in a Lwo core stack.

5
s e e el b T TR o -

To use core size #23 with a relative permeability of 125.0 in a %
{ : |
design which will operate in Mode 1 (continuous coanduetion mode) i} ~
i over the entire design range, Sample Program #3 uses Procedure % /

DSN2 of Program DCLDC to conpute 2 design using core size #23 in

— a three core stack. Again, the minimum flux density is set equal

duced. All other design specificatious will remain the same as

|
§
B to 0.011 tesla to insure that only 2 Mode 1 design will be pro- B
i
i
5

those used in Sample Progran #1, If the program cannct produce
s design which meets the constraints using %the core size and Ly

- stack height indicated, 2 message to this effeect will be printed

out instead of a design.

I R T e

i |
Ll 5.4.1 Control Cards--Sample Program #3 (Program DC1DC) ; i
i
i The control cards for Sample Program #3 are shown below. ;; 1
a )
= Sections 3.1-3.6 give imstructioms for preparing these cards. P
Foun HP TENE Y= Be L
’ 2t &, 1%, t0, 80, 4, .01 .01 .35 a4 i 2 Y. 06VE-0Y HERY I
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5.4,2 Results of Sample Program #3-~Program DCIDC

The results of Sample Program #3 are given on the following
page, Note from the last column under "converter Specifications"
that the number of cores, or stack height, is equal to three,
Pregram DC1DC wes able to produce a design using coré size #23
in a three core stack, This design operates in Mode 1 {contin-
uous conduction mode) over its entire design range as can be
seen from the "OP MODE" column of the print out. Note that the
program has taken the integer core size number which was entered
as 2 part of the design specifications and related 1t to the
manufacturers' core numbers form the core catalog. Also, in
addition to the design information, an evaluation of the design

was produced automatically.
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5,5 SAMPLE PROGRAM #4~~-PROGRAM DC1DC

[ ;

Yow assume that by some criteria it is decided that the P ‘

design produced in Sample Progren #3 is close to the desired o
result for a single-winding design. However, there is availsable i

from 2 different manufaciurer a core with slightly different dim-

e vt e s i K i e e L i i

ensions from core size #23. Also, this core has a relative ?; A
permeability value of 128, Sample Progranm #lL uses Procedure DSNZ2 | :
\
of Program DCLDC to produce 2 design for this new core size and - i .J
relative permeability using & three core stack to see if any P *g
changes in number of turns or wire size must be made due to the |
change in core., Also, since AWG #13 wire is fairly stiff, it is
decided to use two strands of smaller wire to make winding easier,

Assume tnat the dimensions of the new core size are as follows:

Cross-Sectional Area 7.00 # 10”° ne
Meen Magnetic Path Length 9,00 * 1072
Window Ares 3.704 % 107" &
Length/Turn of Wire (40% ﬁdg. Factor) 4,50 % 1072w
Height . 1.15 # 107% =
Mass 5.50 # 107> kg

The relative permeability value of 128.0 iz close to the catalog

value of 125,0., Thus, if no loss~coefficient information is

entered, the program will use the loss coefficisents IOT the

~ I

E_ata.l_c.g ralue of i.ﬁ_O.
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5,5.1 Control Cards--Sample Progranm 2l (Program DCcine)

!
i
o The control cards for Sample Program #4 are shown belov.

Sections 3,1-3.6 give instructions for preparing these cards, _
- W
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5,5.,2 Resultis of Sample Progranm #4—~Program DCLDC

The resul%s of Sample Program 4 gre given on the next page. q

imensions and permeability did not

- Hote that the change in core d

g for the design. However, by gsing

| cnange the number of turn

L
swo strands of wire, the wire size has been reduced t

results to those of Sample Progran #3,

portion of the print

o AWG #16,

o

P

L By comparing the slight
can be noted in the evaluavion

“ differences
is slightly less in Sample

B out, For example, the efficiency/mass
basically the same design and performance

i{ Program #b.. However,
¥ is found in both cases except for the aumber of strands of wire.
£




ar
ol

[SECRY
©

el *u n - a
i s a . 34 n o -
| .d H ] « 'y ' URIDLICEN
1 H s M 4 A M W ' L ] ~ary
-w . ¥ N oO0oO0 IrTeI PNEE
| s e == h ar ﬂm A n in  onooon Y sooooe 0 oeeeas A Rirrinicn S 4
i -4 e u u u “ 2% b 01y PIRIGTRIEADL S BRI MG P Y u.,_ cOoDOno w occeco s
: (3] L4 F3 ARG DY N -8
L o b . bt . b wer ey R Tinm LY QMO0 it d %ﬂﬂw_uw..” <y RGN 4§
i *» e ot e oW Dt gumre 2 emmbou) " e »
i .u M ne o . i . a ©“ o pue B by arer e bl anr-oRaay Bt a_&:.u....«.ﬂ b
- b 134 EE S e e I M Mmoo Uo® M meemnm R A B A A o
" acd -} HU = ¥ e i oies v bz 0 B M
: »w he O+ e b FrlaC I - et i1
i ) “" ey 'Y M e e H o (3]} [l et oo " "
=5 . - - - W L Lol ) P A Fareemom [alad’slictad ] s .
s b * - »#* St OBy B, 3..n11. ' e L) e s e e ' R =TI E L) omTrRn e e
H Ra e e W oee a4 @ ] G N a Py o PO S G Lo Lo T Loy Ld bt MMMy P FEREEER] ' pAA A .
— @ ' - s 21 I3 o thhov W ummima n momene prpadi ot ity mw mmomes e
- ~ e a3 T » : e med N @ooTH e
= nw..Du. Ted -4 e a4 = e -3 HE 3 A rNemao ¥l Mo 'pe) HH
: o 33 e N H-rNOO
NS it $p PG E gt i . s 35 GRaRsE IE FRednan 1B 25SgSy  in BRRSmR i gmMseR  i2 REEes 4
(/2] X} - . # H L34 e "aspen A sesves [ g # 4 WpaomeEmUul N #f 3 tNETrIH LX)
" s ! *H eI HO eev e M . mm ey 2 DS oerem
. ¥ o - ¥ s a B om ¥+ OO o 9 LA AQ verv s = b4
-1 e = e -+ “» me 0 * 1 cOorere A SOOI J . K weenaa an
‘ >3 x » * - /1 DoorTer »
-] - =5 [ nE - » » 0 ochree v
oo o owe mld O 0 » »
] es = e worem@ » - M
— -3-G ax CRIEEL e = Bim o 12 2R8ERT Y monoo # U M -, " . - -4
s jop-a-Ls . o, 4 M sy ] - hd # L e P Soem w e WISt o DOmOrG -3 et #L DI &8
, =y fraomw i may B 2 pt LA Ned e vt e S o ogoere 8 OOGTme- o= Rl 1= maezed 8y
1 %% mH o & O 4 me CA st U ooosoo 15 adoocon Bt st e * oooRT— e
L4 [=l=Tm]~] LN -
m B 2305 g s T O % s %K |34 g - - . [0 "l cooooo 0 ccoooo 1S J23SSs it
2 $e = ° 38 Ll B4 4 B #, Souoon T mmmnen 7 oowooo = - aa
n -
Dz i Ead - ¥ EE ooEnz OF BLGLSs b e Ba cecere B oomomom B, toooos 33
s D o * # ) . Hi e ShopLr Ty e
. 2 ge = = 21 “ € B oas i e @ 5 50 oooood E22 Sadadd =g st = ST Ha e B gaosas 38
i \JN ir Noa M oe . » < - ~ CcOooo0 m oenon L O sesuen BE
m oI I b =95 a2 L. B2 R Bu & " = - ° gu esesse FU ewooca 28 1
S
e [T 8w os W " “ =% a2 iy oMy o HR .u...JD.l.uSZ v T N w [P -
m_L © s pors mnoa o e b o f=c o e SREMA Bl menowand D e Bm Somems Ray PnRerm 0, s¢owne - L
3 +4 3 O ®& 9] * * " =1 a reues ¥ Ui a w0 b o bt A nm ooorTe nn M ST -n
o 4 R . Om oo H s e ewe ] ooqor T WS O SaT
o RnU Bt R BT it ~ i sooe a= coooos OF Gooooo Y Sasada b 8 e e s A .
H-A R - ¢ o e a n ] ° g ceeere g% cosooo e
O K - % 4N QOoQOO . -t
A% 0 L ¥ M . B » = . e 8] QHOOoO00 * -4
N » 44 HonNoW M eSo0Q00
i s . tEiE B Z93 5 i &SMeTe 1S A3mgny I8 NANSHR 13 gossme  pm gsesss  swm somses i
=
$PRagiiEEFIIOEE £ir BUOS PH333cad 3 Saddes 14 Jdssss 18 ARASIR 13 GMAsta 38 AMEER i
e e .
SagiinbEeigir fi Ao o 4 : 14 dddsdd 18 Sddedd I8 Sdddds ia &ddeSS i F
[ eV R TR T e 5 A1 ormommrs T makeon M » * M s A
, e U b ¥ * O bd o wH t ] *p emodand HIE DOFrO 0 e #1p muoaoin by .a
8N > u w.. o " H ﬂ- Foll- LI ..rwﬂ wﬂ. nmn. oo * ZuSNQW n % m%ﬁ%ﬂﬂ - m..m. LIS ﬂ M mﬂmﬂﬂﬁ 2 n_._..z....mn;1nu 4 Sl
3. ce v ¥ G - # HERE 1 a @ ~ eHzon b *os 4 e sy nE eees kg renma A G ] Iz ooEIes it :
] Vi o wW [l MUl ¢ W u b4 - s 51 A i * 4 oooreo 1 cCooOo~ we UDD.Onnn" MH aoa Ve B wesvas ‘N 0.1”1”..,“7“1” -4
2 1l ooas Mudo 3BT B3 & @ . easss B OOOD00 A0 coCooo e
s 81 s B W o= oy [l H m -
= * B E# I s .
h #8 B X e oW [~ » * 53 o [ oy Ny 0 Samomo v tNehmminr W 3
tr o A m aof u.m o mn Bomom o PRt ou Rsofoin Ty maoming R CosnTa L B s @ meanty 3
. H
Mn ﬁ H ar O K @ - au vl Fire O ......M AR B e s we m_..ﬂ .m..nn“n".nz mo oo = GHMM.MH “u
: 't 0 DO # ™ oEw 34 Srree Hed OGO uUh Soaren Ux essves UD esesdeas. @
HEE e -4 4 a ' =2 " W= eoonTT HE Sdsdees 18
= &+ % (3] . . i
I @ o H 34 =B @ ®B o
e OO owe s 50 (5 “ ® N D 7 0 Omediod n  \Qwruio .e
- min ' = 0 [l it b ot ] 4
RS ETEE-EEE BT 2R 8 g | EnGRENER GG SNEDSE  BE Boian o sgeenms @, Snatcn @, somess i
- ] ' L L) W : N ~— ik T o NI D aw
- T Do s e an 7 _E O 0% cleimm YRR ol =R e ~ A i A TN mednoEs
se 81 1 mN O - * *u [ Ll it e —pmmm Nied wertint L HE amavése e =
v oE g o - is e mz . nm Fre reenine = et BE S e b
. (3] # o ose -] ’ -
: . ] o - B " m :
: 4% H > 0% O & . -84 HE H P B2ncsm B eteounn MW s
: am Mo
i e SHIEgi i 3 Se SaS5sn  xf SQ%ome g MSTIEC B, gessee B wenwes b, sgesse i
: LR >
g - IRl * x us -4} g LR cddmmas rR Aoinimmm Hx eeons i A £o Qoo TE Chmrea e
. "o ee * e 34 o . m Rl mreienm fimd ererinics BE &l HE i e
[ e O N & o H ““ - H w o P-4 e vty # 8
33888 .23 8 4 oF 2 % o sssess g, 82 i
o= o #* IR e ol My OO0 QO o oooooo H :
P .M. SR A 11 e g 5o 3 oE S X aE S=aens Ny S9o20S 2. 558338 O 828833 o, Sososs 3
[l IR = -t 3 i o
itz I RE R o v oz F seRRee i Doo2I2 M Somogo 5% doddda £8 Sadods 28 955571 58
' 21 e o83 =3 M ol ] ™ A atana - gazl=2 B ogoooo  tY
1 e am v o H H e
s e Ba S s M ouw . T m tomy eeeee PV moouo e
- - T o & oD A - o Ol s+ 4044 Om e = L A L Y e Po1T) o
.“l * & [N - ' & * = “ o " mmmamm "o e QR sravaes OE +esenn it Saratgsr EU e rerm—— -4
- e ER A S -] ¥ B = ™ HP oo (=] 7ﬁﬂ__u77 1 mmMEmmm 1 o 0 e Bh secane wé
: L34 # " ¥ = o ™ [aE A el HE DOOOOB e frisdtebield G s
nu “ " -u.“. o o4 b A8 ¥ a W H «nm B_u BB ooEeme gE weowas o8
" * ws - rE 3 * % el o ey o -
9 (-4 PR 9 % i m m o mTn o o gl o R B L "
_ e 44 T i 8 8 20 8 of SRENER  of SRUERR off R0STSR n SSEREZ 0 oneoow © cmneoe S8
; . - * ¥ e LA w MM % cicimmma Hx  »eea vt i1 Sy g qoankan mE: aMNmEZe B
: * f4 - . e w o immmsr = pNeIrIme T caceanieey o e 4w HE esevrses w4
i ﬂ " "” uu“ o = P - nﬁo " e L o b b L ] eI .
bl  w LA Fx3 I s
b4 *® [ R w m 1 ounnEr e
: .8 »e * (5] v simoowr TN - ;
¥ i I S R 1 B B L o sB SRRI o o8 WRRE o o RS o o GIMNR o np ROSSAD o eeroce 33
[ 4 L4 . »e *r H H P JOCKIDCL RN R RO P - S S - Bt LU e~ i A R A £ wIoTon o .
> » " " DT e z 2T e At - H
. 32 H 0 .f i i 0E & grd ? 1 il punip s
: ] " “o 1 n . :
. Fd * 5 [ m weth o 0 i
; 3ot pg-4 c ™o u.“ ﬂ" n o M e - 0“ nw.u.nWG.O-nn .\..M DH Loo0o0 " W OO0O0D0 " H ounooo M f 7] M“ . !
; 4 b3 : (i 2 SHEBA LB BX oiddos & 8% Sddedo mooE acsass BOOH siasss B oS00 E Ch araes =8
) . ” e = P g PP T 1= seruen -
_ - B HY I - Ll 2ot kbl o | - o™ ey e m 1-1.11«'&2 w E“ mum"—wm-ﬂaﬂ - P“ muw"mww .
: R -0
“ 4 e = -
T = - - S

i
T+
]

R I L L LR B e bbb e -




Eainaf JRNEPMITS

e la]

wlr

L— . R . . P k1
T e T P e

o5

5.6 SAMPLE PROGRAM #35 —— PROGRAM DCLDC

Sample Program #5 evaluates the reactor element design produced
in Sample Program #4 under a different set of operating conditions.
A reactor element design for a single-winding voltage step—up/cﬁrrent
step~up converter has been produced. From the design specifications
it can be seen that this converter has been designed for voltage step-up

operation since the specified output voltage of 24.0 volts is greater

than the maximum ipnput voltage of 16.0 volts. To determine how the design

will perform when the controller is changed to regulate the output at
5.0 volts, Procedure EVAL of Program DC1DC is used. On the Design Spec-
ification Card, the output voltage is set equal to 5.0 volts. All of
the other parameters will remain the same and the completed design will
be entered on the EVAL card. Note that since we are requesting an eval-
uation rather than a design, the minimum znd maximum flux demsity spee-
ifications, the maximum winding factor, and the reciprocal current
density specification are not needed. Thus, it is not necessary to
enter these parameters on the Design Specification Card when using Pro-

cedure EVAL.

5.81 Control Cards--Sample Program #5 (Program DC1DC)
The Control Cards for Sample Program #5 are given below. Sections

3.1-3,6 give imstructions for preparing these cards.
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5.6.2 Results of Sample Program #3 -— Program DC1DC

The results of Sample Program #5 are given on the next page. Note R i
that the converter operates in Mode 1 {continuous conduction mode) over L. i

its entire operating range. However, the peak value of the reactor L
current, IB, is about 60% higher than ia. Sample. Program #4. The same is

true For the values of all the currents given in the evaluation. Thus, T
if the converter is used under these operating conditions as well as under g'; |

those of the original problem, it will be necessary to use a larger wire

_ "
gize if the reciprocal current density specification of 5.067 # 10 7 o /A
is to be met. Also, the maximum operating flux density, given by .
bl

Bmax = (N/E)uIBmax

where N = Number of Turns

§ = Mean Magnetic Path Length

p = Permeability

IB Peak Value of Reactor Current

max
should be checked to determime whether or not this value exceeds the

saturation flux density of the magnetic mater:al. TFor this case, the
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B i maximum operating flux density would be approximately 0.578 tesla.

! i, Note also that the increase in current values has led to increased
i {osses in the transistor, diode, wire and capacitor. The core loss has
}é decreased due to the fact that the total flux demsity excursion given

by

P (§/2)(IB - IA)n

] : has decreased by about 40%. Since total core loss as given by Legg's
R
E equation (see Section 1.2.3) is directly to the flux demsity excursion,

- % % the core loss varies directly with this excursion. The increase in total

[

E power loss over that of Sample Program #4 can also be noted in the de-
% %_ ereased efficiency in Sample Program #5. Thus, this single-winding

% ; reactor design will work for an output voltage of 5.0 volts, but mnot as
Do

P well as for the design output voltage of 24.0 volts.
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5.7 SAMPLE PROGRAM #6 -~ PROGRAM DC2DC f”
” ; As mentioned in Seetion 3,6.4, “Program DC2DC allows the

3 % . user to select from ten Design Constraint Options which may be
) é useful in a converter design., Sample Program #6 illﬁstrates }Ji;%
g the use of one of these options in the design of = two-winding ? }i
. | volbageeut sp-updeurrolliclt e ReRD ROPPEERET, W bl o8 GIRNStROE frea- S
i . ueney controller +o meé;.the specifications given in Secfiqns j o
‘. f | 5.1 and 5.2. For convenience, these ;pecifications are repeated f .?
{ : in Seetion 5.7.21. g__h]
) - Note from the ou’pﬁp.t of Sample Program #4 (Section 5.5,2) Lﬁ
2 % E; that the single-wind%%é reactor design produced by Program DC1DC %;)ﬂ%
? j requires a maximum transistor on-time (T ON) of 83.1 psec. ; ;
| ; Since the converter freguency is 10.0 KHz, the.maximum duty cyele |
i % !i is, therefore, 0.83., Suppose that the controller cireuit which  £
g j - must be used in the systenm wil;ﬁproduce an output with a2 maximum :;
‘ f; duty cyele of 0.75. With this”iimitation on the controller, the _ ?
single-winding design produced in Sample Program #h could not ﬁJi
I meet the design constreints., However, if Progrem DC2DC iz used ;'{
: g - to produce a two-winding regector design, the additional eon- "'é
; 5 | straint thet the maximum duty cycle be less than 0.75 can easily }%
; | éj be handled. If & value of 0,T4 is ghosen for the Design Copn=- o
% ! st*eint Valug, the maximum duty cycle for the designs vroduced ; :i
‘[ by Program DC2DC will always be shrictly less Bhen 0.75. Since _'_]‘-1

the prograém is allowed to choose only an integer number of turns, the Design E : 3
Constraint value should be chosen to be slightly less than the desired
maximum of 0.75, Sample Program #£ uses a value of 0.74 for the Design

- Constraint option.

i T R L O B U
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j 5:T+1 Design Regquirement Input Dataw--Sample Program #6 (DC2DC) ) i

? As in S;mple Prog;am #2, it is desired that the converter §f |

' operate in Mode 1 (continuous mm? mode) over jhe entire design .

: range. Thisfis accomplished by making the spReified minimum L% j
:i . flux density greater th%a‘the residual flux density bf the core l i
Ei = material, The followiﬁ;.is 2 complete summary of the input data - 2 ‘3
i% to Program DC2DC for Sample Program #6. . T
N . -

_E Cenverter/Controlles Code FQ2UD

i Cetaleogz Print Code | NP -
_i Program Procedure DSN:T . % T
-; Output Voltage 24,0 volts 8 i g i
=§ Input Voltaze Range 6.0 to 16,0 volts g_;'i

Dutput Power Range 16.0 %o 20.0 watts :

ié Cony&rter Freguerncy 10,0 KHz ; % ;;_
35 Residual Flux Density. 0,0L tesla : % -
3 Minimum Fltt% Density 0.011 tesla ii ? 'l
! Magimum Flux Density 0.36 tesla ) : 1

j Wipe Type Code. HEAV ?é ? |

Recipyvecal Current Density 5,067 # 10_7 m2/amp r %
Minimy#t Ne. of Cores ip. Stack - i L E

, Meximum No. of Cores in Stack 2 ?E f;
'% | : Min, Str#nds‘&f Wire-ﬁ?rimarya SE 1 h; o :;}

i ‘ ;
_3 Min, Strands of Wirew—Secondary 1 | %f ’
{% Tﬁgnsisﬁdf Saﬁuratioﬁ;?olﬁage ' 1,0 volt @ 10.0 amps ! %
B Diode Forward Drop 0.60 volts ' 7

Gapacitor ESR | 0.10 ohm :f!
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Maximum No, of Eveluations
Input Volitage Inerement
VOutput Power Increment

Design Constraint Option

Design Constraint Value

B et C L

5,7 .2 Control Cards--Sample Program #6

3
2.0 wvolts
2,0 watis

8 (Restrict Max.
Duty Cycle)

0.Th

T st g e S

(Program DC2DC)

“%eaﬁ;ﬁjggggpntrol Cerds for Sample Prograun #6 are shown below.

TSR et
B e

Sections 3.6-3.10 give instrutviecns far preparing these cards.

FUSHEp PP OBSHL 0 0§ .74 3 2. e
24, @, 16, 19, 2O, 1w, L0 it .
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5.7.3 Results of Sample Program #6--Program DC2DC

The following four pages give the results of Sample Program
#6. Procedure DSKL of Program DC2DC has produced a list of
fifty usable reactor element designs. UNote from the "OP MODE"
column of the design list that all of the dcosigns aperate in
Mode 1 (continuous mmf mode) over the entire design range as
desired., Alsc note that the staeck height was increased to two
cores by DC2DC ia order to produce fifty designs., From the
design evaluation portionh of the printout, it can be seea that
the maximum transistor on-time (T ON) over the design range is
"less than T75.0 psec for all the designs evaluated, Bince the
converter frequency is 10,0 KHz, this corresponds to a maximum
duty cycle of 0.75 &s desired., Also, the efficiency and the
efficiency/mass of these designs are comparable to those of
the single-winding designs produced in Sample Program. #2

{section 5.,2).
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5 - 5.8 SAMPLE PROGRAM #7 -- PROGRAM DC2DC : F
v i _ ' w o
: iy B
a Tt cen be seen from the output of Sample Program #6 that o
: . core size #2% is the smallest core in the core catalog which P
i EE will meet the design constraints when used in a stack of two i__
: j - cores or less, Sample Program #T uses Procedure DSN2 of Program ﬂ. 4
L LE DC2DC to sttempt to produce a design using core size #23 with [ 4
: S
; a relative permeability of 125.0 in a three-core stack., All <
j lﬁ other design reguirements remain the same as in Sample Program %*'5
L #6. L3
S P
P b Lo
: t! 5,8.1 Control Cards--Sample Program #7 (Program DC2DG) § 7%
By b . : 1‘
_é [ The Control Cards for Sample Program #T7 are shown below,. | _!
‘i L : ]
‘é L] Sections 3.6-3,10 zive instructions for preparing these cards, ] %
Rl -
i Fren P oshz a3 .74 t 2. 2. i :
L AL S - P £ - P PR~ S | P | PO 1 A G (3 % S ) <4 1 2 8, 0eFE-0F HEAY 1t |
.l BRI ¥ PR -4 S | Tt T ' Lo
23 125, 3 S - , - ?
o o - | T T ' |
; I
.l |
: 'i ] : 1000'0UﬁUIIHUMIJUEII]!JUUﬂﬂﬁl]UﬂﬂﬂﬂﬂﬂﬁﬂﬂI]Ui]ElﬂUUE]ﬂ[lﬁﬁﬂl]EIU[Iﬂﬁ[IGUI]Uﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬁu :
2 i ! ‘ 123456749 %01 1!!3“15_]5lT1!B:"-‘ZI2‘.‘?32#2515212!2!10'3!311}!&35]513 19 39 40 41 47 4338 4546 4T 434353 8] 525]5&55555_75!555351.52635455“515!8‘“5l’lHnl‘lﬁlﬁﬂl’ll!lu : :
s TR RN R R R R R RN R R R R RN R R RN RS R R R AR A NN AR R AR RN RAR R R R |
( l‘ - s e e mam AamAanAnAn '
| 'F‘ H :
R
54w :
B i’
BT .
R ’ Il ' 1; 1
i :
- b
%Ji i
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108 : REPRODUCIBILITY OF THE
ORIGINAL PAGF IS POOR

e AR SR

: 5:8.2 Results of Sample Program #7~-Program DC2DC _ o

¢ The results of Sample Progrem #7 are shown below. It can

be seen from the print out that core size #23 with 2 relative

permeability of 125.0 used in a three core stack will not meet

the design requirement regarding maxinmum winding fector. -Thus, 7

the design is rejected by the progrem. The actnal computed

.

winding factor of 0.4k6 is shown on the program output.

, - *"
. ""“"Qﬁtﬁdlttttttqttil-!“‘t-‘llIt....it.‘-l!‘tlO.B'.‘*.‘.!Q**C"..O‘ll...ltﬂttt-1.t‘tl‘l"ll"tﬂitltdi!‘:ltt‘-.-‘l--
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5.9 BAMPLE PROGRAM #0 -~ PROGRAM DC2DC
& i
ey Sample Program #8 uses Procedure DS¥2 of Progrem DC2DC %o g
s attempt to produce a design for the same core size, relative :
f fﬁ permeebility and stack height as used in Sample Progfam #Te -
L} !
In Sample Program #T, the reactor design produced was rejected : i
v f; because the winding factor of 0,46 was greater then the maximum f
. = winding factor of 0.40, Sample Program #8 uses the same design f |
c2 ' requirement data as Sample Program #7 except that the Reciprocal §
i? Current Density Specification is lowered %o 3,8 #* 10"7 m2/ampere ;,4
' ™ T50 circular mils/ampere) to allow smaller wire to be used, f'j
T ] :
I Also, it is desired thet 2 minimum of two strands of wire be o
o used for the primary winding., A minimum of one strand of wire i ?
i : s
o is to be used for the secondary winding., E ?
T o
i I
i . . SL
5.9.1 Control Cards-~-Sample Program #8 (Prog:am Dcanc) I
i; The Control Cards for Sample Program #8 are shown below, i
7 Sections 3,6-3,10 give instructions for preparing these cards. . o j
e . S
Loda .}
i Rl MR Ushe .74 1 2. & |
La B4, A, 1R, tu, 28, 10, Lof LOiTTTLRE L4 i B OZLE00E-0Y HEAY 21 f
. 1.0 10, .50 L R
23 124, K] T
dai i -t T - I

SIS T 10197020 322324 2526 20 22930 3107 3024 2026 17 3R 3943 41 7 4 €L 54547 AR 4950 51 5255456 57 S S0E0 GBI AR EIGA RS ESETAARI M RN BB N A m

: unﬁuuusuﬂﬂnunnuuuanuuuuuuﬁnnauaunﬁuudunuuuuunnnuuﬂuhnauunnuhuuuuaunadunuu 2
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i R R R e R R R R RN R RN AR R R SRR RN R N SRR R AR R AR RS AR NSRRI

i
s b
=

N . ) .;Ar e e



SRR S

e i rL (e T

e e v Tty it b e it WA

P’/' LAV TR

/

SO0 PRSP A - e B - R . - ! }‘_

110 i
5.,9.2 Results of Sample Program #8--Program DC2DC ' . _ .
The results of Sample Program #8 are given on the following g% ?
. i i
page. Lowering the Reciprocal Current Density Specification N R
i
allowed Program DC2DC to use wire of smeller cross-~sectional il ‘
area in the windings. Thus, the winding factor was lowered to TLob ﬂ ;
R
0.346 which is less than the specified maximum winding factor, T
Therefore, the design was acceptable, The smaller wire area fé z-fwi
has, however, caused a slight increase in the winding resistances . -
O i
over the designs evaluated in Semple Progranm #6, _ od :
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’ THORASSARANASAEEENER AREsabthiny PEPAGRUARGNASSEARARENDRE NS
FACISBRREV RIS AN AR e S EPIN IR AR ARG CNAN AN R PR E AP EORUACEAERIIA A ASS SIS RIS IREIRALASR YR ATLRERUFbabd S

© 7024UD--COMSTANT FREQ TWO-WIKDINC YOLTAGE STEP-UN/CURBEXT STEP-UP COHYERTIR DESIGH

I/0 I¥ YCLTS, ANPERES, WITTS, T2SLaS, NICROSIC, KHE, OHMS

ANV AR RS AN AT AR AU ARE A IR NI ER AR NNk R A r S RO AN A RS AS RSV R hddansNssdaanndtsinditans 4suany
AR NB RIS B IR REANRR R R R AR RS R S S SN S ARSI AN C AR ENUR PR IR EINE AN SRR A AR AR R L AR GASIRTURINN SIS bR R EARAE £

COXVERTEE SPECIZICATIONS

LII TR ALY LA LR llt]
A4S BAALBEARVEE

3 ¥ Ia ¥'t¥ D ooUr P oour ¥ I ¥ cap cCuy E B B S1H0 HO.
Uy uIy 1.3 niy HAX SAT COLL. DIODE EsS® .. FHEQ BESIDOAL HIN HAX FACIQR  CORES
5.0 6.6 16.0 10.0 20.0 1.00 10.00 .60 0.10 "19.0 1.080Z-02 1.7005-02 3.5600E-01 G.40 3

ERATAAN AR SR AN EE AR S A SRR AR AR RS IR R RS A BT C AR ER AR R AR S E R IEAR S AR A AR A IR AR R R X R A AR F AR AN IR IU IR P ALAR SR RSS2 AE VIR Y

TIRE TYIPEw EERXY MIN. PRI. STRANDS= 2 KI¥, SEC, STHANDS= 1 BECIFROCAL CUBREHT DEHSITY» 3.900E-07 5C.H/A8F
1314‘g‘agtq;‘.1--.‘t.ugg;;fﬁnw:-;ttattsanlal#lllnt-annulanslttt--ltt*tt-tttttiutlliltll.ti!tiﬂllli!!Hiitlptli‘lollttttsn

_SESTRICTING I8E MAX. DUTY CYCLE= Q.740

A TR A AN AN IR NN NP AR KR AR AN AR A A AR E AR AU AN SRR AR A ERAE AR A AN AR AL RI A AR N R A AN ST VR AR AR AT AR RS ECT A AR E RN
P LTIy e P e P U AR FY PEIR 2T 22 2 RS J ST S22 YDA 22t RA R R 2 2 b Rl Eal bl Sl Rl Rl Ll it ettt it bbbt bkt

DESIGE EYALDATION

IR AR AR R YR AN KT SV EE R IR R AP R AR A A EAW K AN IR TR AR IR AR AR A DAL RN B AR N LT RT X FERE LR AL NEERA AR L2 1] AlesunEELdRR
RN IR R A R NA AR AR LIRS AR A RN A RN N AR AR NN R AR AR AT AR A RA AL R AR E AN RS AR A IR LRI R AF AR N SRR A S LA AEEZ N BETE LRI ETAR S

ETALULATION FCH DESIGN ¥0. O

CORRXOT WINE SIZZ X0T ATVAILABLZ O HUITIPLE STEANDS SPECIXIZD, 2 STRAHDS USED FYOR PRINRRY RIARIXG

SIZE MAGNETICS LBROLD -1 xp A%G PRI.IND as MG §FEC.IUD  gDG AP IED IZS Irans iIsans  ICBES
AD. - B3 SEC. MR FAC 20BE HNAT MAX HAL 3ax BAX

B3X¥.
23 £5328 A-328117 125, 33 17 Q0.387 57 19 1.156 0.356 1 6.017 3.888 4,772 1.837 1.465
' » .
REACTOR PATH CORE ATACTOR STACK FEACTOR RZAcrog BEACTOR BEACTICE
AREA LENGZH WHeAHZ) LENGTH/TORX HEIGHT ZASsS PRI.HIRE BT ,WIEE S2C.HIR2
5Q.4 -} 5Q. 8 A - LENGTH,H RZS,CHES LENGTIH,X

2,0382-08 B.9B0E-02 ° 3.658Z-08  B.860E-02 3.2908.02 2.366E~-01 2.928E 00  2.4702-02 5.050% 00  1,3602Z-01

Y IN= 6.0 ] .

£ AP TAS IHP  TBS T ON Ip2ES CISIES ICOAS eseswmsaasss [QSSES (RATTS] ixkessxseazs  IFT ss
vides 1ABs  IE®s  iNEs  iums dsBC  ARBS AMES  AZ2S TRANS ODIODE UIRZ CORE = CABAC foTAL %

10.00 2.29 1,33 3.25 1.88 78.02 2,39 0,82 0.71 0.573 0,893 0.233 0.037 0.050 1.337 87.9 a2
200 2-82 i35 3tEd 2258 74t05 5287 0l98  0.BS 00823 0.591 0.335 0.837 Qo073 1,85 d6.E 23
18,00 3.480 1.9 4,36 2.22 74,02 J.348 T.15 0.99 .18 0.888 0.855 0,337 0.098 2,397 @&S,4 fe]
18.00 3-890 3-33  8:37 5835 74s03  31E: 1031 7013 1h4s8 gi7E6 0,53 0-337 0127 3.Q0a BEI: €3
18, 00 4.5 2.61 5,46 3.6 73.02 4,30 1.47 1,27 1,845 ¢.384 0.75%1 0.037 0.161 3.573 B83.) ¢2
39:08  B:Ed 5283 2:83 348 7us0%  4i71- 1088 1081 21277 G6.98% 0,927 0,037 01198 3.432 3.3 a3
7 Ig= 8.0 .

0 TAP  I3S BEE  IBS T ON TPONS 1SDNS ICOMS ksskmaksuakx LOSSES [WATTS)  Asttssmaxsxr EFF  ZEE/HASS
2ATIS AHES AKPS ANDS ARPS gSEC ANPS AMES AxPS  TSANS DIODE WIRE CCRE CABAC ~TO%R1L & %2/KG
40,00 1.%F  0.91 2.79  1.62 &7.05 1,81 0.75 0.61 0.328 0,881 0,155 0.072 0,037 1.032 9¢.6 3.232 02
1898 2-78 9.3} 2.0 3189 87102 2335 0tEm 0172 OLEe9  Q.527 0.221 0.07% 4igB2 1.347 @3es ildp: 02
330 282 Jnid 388 295 B7t0E  Sis3  3iG2  oosfi 0i635 00BT4 00299 0.0727 0:077 1.5SC B9.7 3.37E o2
18-30  z.85  1:82  3:88  %:35 B0 5t8F 1095 nide 0i337 gl7ce 0.338 Q.73 o.092 zi0i1 8Adlf 3TauE g3
18:89  2-83  1:83 i:fR  SE3 E9:02 5033 4039 1.08 icchs 00787 o0.B32 0:973 AQljlE 2.511 BI.3 1171E G2
33:08 398 2038 ntg7  g08@ 27i85 389 qiké  1t19 1i2sv 0i874 0.5056 0.073 o0lis3 5I982 §7.0 3167E 02

T IN® 10.0
3] ILP IiS IBP IBS T 0% TPEES ISEAS ICRNS sssxxkkxxsx¥x [OSSES (HATTS) Asrszsessxase EFFF  JIEP/MASS
¥iITS ANES i8pSs AHES AXPS gsSEC ANES AEES AfPS TAANS DIODE WIRE COgE CAPAC TOTAL " /7RG
10,80 1.15 0.65 .57 1.89 &1.28 1.89  0.69 0.58 0.222 0,411 0,199 0.132 0.030 0.995 91.3 31.E8% 02
12,08 1.52 0.88 2.94 1.70 61.28 1.78 Q.82 0.55 0.315 g.490 0,169 GO0.113 9,042 1.129 91%1.4 3.435 42
1588 1:82 9:89 3131 1292 8136 206  0.95 .73 0.025 0.569 0228 0.113 Ql0sh 1.3871 91.C 31ZAE 0%

16,00 2. 268 1.31 3.69 2«33 61.28 2.35 1. 108 .95 80,552 n.649 0,296 0.113 0.073 1,622 90.5 3.22F% L.
18,00 2e EZ 1.52 y.06 2+35 61,28 2.568 J.21 G.26 QO.EG6 0.729 0,373 0,113 Q.09 2,002 9C.0 J.&0E G2
18.80  2-51 ;38 G:8% 5:32 2458 393 qv8f 7i6é QlE57 0.808 OIWS3 0L193 0.112 2.3u§ B9ls 3IFAE 62

T 13= 2.0
0 IAE IAS IEBP IBES T o4 TPENS TSENS IC2MS tsasxkkasdnk IASOED (EKTTS} ktxukxssdxxx s PPP PBEPINALS
YaATIS ABES ANES AUPS AHPS uUsEC AKBS ARES AXDS  YHAHS DIGRE 9IRE CORE CABAC TOTAL 3 /KRG
1 JES  0.59  2.65  1.52 S6.82 1.29  0.56 0.51 0.186 0,393 0.099 0.158 C.026 C.883 92.2 3.298 ¢

15-99 9.88  9.33 2.8% Q.52 gg.n2 1-21 Q.58 D33 30358 G387 0:%48 5003% £038 G:833 9% .63 &
1Eege et 3-8 4:1% 1:80 28:4% 1277 0lae 0069 0053 assd1 0h188 o138 0.087 1.247 87.3 3.i5E €3
1889 1:80  9:89 3:dd 1:95 28143 g4z 1ia3  0i7R 0lG0e 6i8i5 0s283 0.156 0.081 ilusl 8105 31%AE &3
18,490 2. 17 1.268 3.77 218 S6.42 2.28 1.1% 0,87 0.311 0.58%0 0,306 0.158 G.076 1,740 8971,2 3,258 C2
38.08 2.3 1:8%  d:3d  Z:38 ZenE 5151 1i27 U086 0.828 0.765 0.376 0,158 G.0%3 22019 9008 3lfaE &2

Y Ia% 15,0

o TaP- IMS AP - I8S O IPEAS ISEAS ICEMS wesweesesss [OSSES (JATTS] Rewscassuens EPP EEZ/NASS
wides IAE. IRBs  HEs  InBs UsBC  AEBS  ARBS  AHES TRAES DIODE WISE COAE & CABAGC TOTAL % I/kG
40.08 0,87 0,37 2.39  1.38 52,23 1.1%5 0.6 0.48 0,132 0.382 0,088 0.204 0.023 0,823 ©2.3 3.90B 02
%2.00 0.93 3.5u 2.69 1.56 S52.28 1-%5 9,75 0.56 0.718%  0.u51 3:122 0,208 0;33] 0.991 92.% 1.90E Q2

4. 00 1.23 « 71 2.99 7.73 52.28 197 0,587 0.68 0,286 G.59521 « 163 0.204 <041 14176 92.3 3.50B (2
1:00 1B 9l ftde algp s3ize e oles plf3 olfid gidBz olath glley 0108) 1Li7y 9% nieas
W08 1Es 108 nifa 2168 22i3s 2160 1lld elal 0liay 0lged olges Qlzad olgag 1i3as 9ily 3rasg o
35:89 358 2% 3:89 538 d5:5d 2121 ql22 0590 0,487 0.73% 0.328 0,306 0080 10B31 9116 31ETE @2

¥ Ia= 1540 . _ . _

PO IAD IS ne 185 T O IPERS  ISOHS  JTCRES ssdsnssasacd [OGRRS (HLYTS) skdbéssbanss ZFF PFF/NASS
vidts ANEs AMBS AnBS MBS USEC  AMPS  AmgS  ANPS TEINS DIODE WIRE COHE  CAPAC TOTAL % Y53t

. L6 9.27 2,35 1.36 48,70 1,05  0.62 O 2.080 0.250 0.022 0.837 92.3 3.50

19-90 9-88  R:29 %183 1733 4Rvia 1i23 oWii @ 9:939 2:238 8:23% 0:947 8% 3% %
$8. 3 1.%; 3.59 2.91 1.68 BH.7? 1.482 L] ') L1847 0.2 0.0Q) 1.1808 92,4 3,%0E Q2
IR e R 8 R B B Y iRt AR I R LR

- . . . . . . . . - . 3 . +EIE
la.00 1.2 Red 13 25 umdd 188 9§ 8:%8% 9:42% %:33% 118 da:f 83 &
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PART II — THE DATA BASE

THE DATA BASE

The first block of data read by the programs forms the
data base for the execution of design and evaluation tasks.
The data baie is a group of cards (records) divided.into two
sections, The Pirst section, the core catalog, contains infor-
mation on the magnetie cores and inecludes catalog numbers,
dimensional dates, relative permeability and loss coefficient
information. The second section consists of a table of wire
data containing the cross-sectional aresz and resistivity infor-
mation on the available sizes of magnet wire, Usually, once the
data base has been constructed, the information in it will not
be chaenged often. Thus, it may be advantageous to store the
data base oﬁ nagnetic disk or tape., Additions to the core
catalog or the wire teble may be made a2t any time without having

to construct an entirely new data base,,

THE CORE CATALOG

The core catalog cards list the necessary date on the
magnetic cores and are the first cards read by the progranm.

The core catalog cards are ordered as shown in Figure 31,
6.1 HEADING CARDS
The first two cards in the core catalog are used to generate

headings for the output. They are the Title Card and the Manu-

facturers' Names Card.,
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R
A g}

order of the Core Catalog Cards




6.1.1 Title Card RS
”; The Tigle Card is read 28 2 block of twenty consZcutive AL i: %-t i
; formsts to previde faor a user specified title up to eighty char- _ é:- i
% ) acters in lemgth., It may be used to list identifying information ;; - :
E | such =s mangfaetuners' names, date of cabalog zand eﬁc. This o
% information is used #s a héading for the catalog list (see Section e ﬂ
-é 3.1.2). A sample Title Card is shown in Figure 32, E ';
i 6.1.2 Manufacturers'! Names Card 2L i
The Magufacturets' UJames Gard is read as two ALQO formats., =1 é
Thus, two mamufacturers' names mey be psed, with ten spaces = % ﬁ
silocatbed for each name . This information is used to provide E% ’ i
headings £dr the listsl;f manufacture®s' core catalog numbers :: f fiﬁ
ghich .2ppear on the outpui. A ;;mple Manufacturers' Names Ca?d ;i f : §
£  is shown in FPigure 34, PFigure 33 shows the format of the card. -7 ;
] R
C 6.2 CORE CATALOG SIZE CARD
The Core Caktalog Size Card is.read as two I5 formats. :j ; - |
| golumng 1-5 give the number of core sizes availgble and columns " g g E
E 6«10 give the number of wrelative pérmeability values available, B g 8
E {see Figuré?35). Thgsa numbeFs are read in as intege¥s and ‘E E
é uggggbbe right justified., The catalog may contain up to forty ;‘ f J
; core sizes and up to Pfifteen values of relative permeability. zi ;
; § | A sample Core Catalog Size Car»d is shown in Figure 36. i} 1k
§
J
} B |
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6.3 LOSS-COEFFICIENT CARDS

Core losses are_estimate@ in the progran by the use of

Legg's equation [?] ., Onezs Loss-~Coefficient Card should be used

for each value of relative permeability in the core catalog.

Phese cards should be arranged in order from lowest to highest

value of relative permeability. Loss<Coefficient Cards are

formated as follows (see also Figure 37). Figure 38 shows a

sample Loss~Coeffiecint Card,

COLUMNS | FORMAT
1-5 o F5,0
6-15 £10,.3

16-25 o - B10.3

26-35 ®10.3

6,4 PERMEABILITY/CORE GEOMETRY CARDS

PARAMETER

Relative Permeability

Eddy Current Loss Coeffidient

Hysteresis Loss Coefficient

Residual Loss Coefficient

The Perméability/Core Geomeiry Cards consist of a suﬁgroup

- of cards for each gcore size and relate the size number and

relative permeebility of a core to its sneclfmc catalog number(s)

~and actual dimensions.: As a general rule, core manufaeturers

supply cores of several sizes and & core of a given size may

be available in-&ifferent values of relative permeability..
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Presently, both programs DCLlDC and DC2DC will allow up to forty

core sizes and up to fifteen values of relative permeability.

§
& : 123
=
i} 3
Thus, in the instructions that follow, the "core size number" ,r'g
s iﬁ will unigquely identify a set of core dimensions eand the pair 'j'l?
- {(core size number, relative permeability) will uniquely identify l ]
L one particular core, In order for the progrem to work most
?‘ effectively, it is assumed that the core sizes are ofdefed by fil
- assending volume: i.e. the volume of core size number n is less ::"
éi than that of core size number n+l, If this assumption is 'f‘
53 violated when assembling the catalog, all designs generated will g
s be velid. However, some possible design of lower size and mass "  *j
}E may be "overlooked." Beceuse the integer core size number is ‘1  ;
L assigned by the program, new core sizes may be added to the ;
;i catalog at any time, However, these additions should be made s _%
“f ¥ 50 a8 to maintain the ordering by volume of the core sizes. i;: %
U o
; ._i

;'% Thus, the core caetalog may contaln up to six hundered cores
with each core being identified by up to two numbers from manu-
facturers' catalogs or other identifiers, The Permeability/

- Manﬁfécturers’ Numbers Card(s) and the Core Geometry Card give

complete informetion on each core,

!é 6.1 Permeability/Manufacturers' Numbers Ceard(s) - A

For a given core size, the Permeability/Manufacturers’

|
Pr—
[ Sp—

Humbers Card(s) list the available values of relative permeebility

and their respective manufacturers’' catalog numbers, The format

LT, -
L R s e g
TRy
1

' of these cards is L4(F3.0,4Ak), This format allows the user to - ;;*&{

list four cores on a single card with three spaces for {the




=y
| S—
ok

relative permeability and two groups of eight spaces for numbers
from manufacturers?! caitalogs or other identifiers, The manufac- v
turers' catalog numbers should be listed in the same order as S

the names on the Hanufacturers' Nemes Card, Continue listing PR

cores in the same fashion, using as many eards as needed, until ™2
21l the cores for a particular core size have been listed. On
the last card used, plece & "1" in column 80 to indicate the

end of the listing for that core size and that & Core Geomeiry

Card is to be read next. The Permeability/Manufacturers’
Numbers Card is formated as shown in the table below (see zlso
Figure 39). A sample Permeability/Manufacturers' Numbers Card

is shown in Figure LO.

COLUMN FORMAT PARAMETER
1«3 F3.0 Relative Permeability--Core A
hota A8 Catalog Number--Manufacturer 1
12-19 AB Catalog Number--Manufacturer 2
i 20-22 F3.0 Relative Permesbility--Core B
é 23-30 A8 Catalog.Number-—Manufactnrer 1
31-38 - A8 | Catalog Numberw~Manufacturer 2
i 39-b1 F3.0 Relative Permeability--Core C
h2whg ' a8 Catalog Number--Manufacturer 1
50=5T AB Catalog Number--Manufscturer 2
i 58-60 - F3.0 Relative Permeability--Core D
i 61~68 AB Catelog Number~--Manufacturer 1
69-=T76 - A8 ' Catalog Number~~Manufacturer 2
l
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Figure 40. Example: Permeability/Manufacturers' Numbers Card
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B 6.4.2 Core Geometxy Card y E
;J A Core Geometry Card immediately follows the Permeadbility/ ' E
v Manufacturers'! Numbers Card(s) for esch core size and gives the _ i
; w gcore cross—sectional area, mean magnetic path length, window ;i
E; aree, length/turn of wire, height, and mass of the core size. ?J.\:

N These parameters are usually readily found in manufacturaps'
ﬁ_@_ i; core catalogs. The length/turn of wire is usually given assuming Jﬁ
7= a 40% winding factor. The format of thé Core Geometry Card is j
! 3
- as follows (see also Figure k1), A sam@le Core Geometry Card g é
%; is shown in Figure b2, r-ﬁ{
COLUM FQRMAT PARAMETER *
k i
:i 1-10 EL0.3 Core Cross-Seetional Area (me) i /{
.- 11-20 E1G.3 Mean Magnetic Path Length (m) (
- 21-30 E10.3 Window Area (m°) ‘
}f 31-40 ' E10,3 Length/Turﬁ of Wire (m) Eiri
41-50 E10,3 Height (m) .
g i; 51~-60 B10.3 Mass (kg) J
Ly S
L
i
b
:

oy B R S - - L W
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Tigure 41, Core Geemetry Card
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FORMAT

PARAMETER
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B10.3
£10.3
E10.3
E10.3
10,3

£10.3

Yot

Sy

SNOTH. (1)

CORE GRUSS SECTIONAT
AeA ()

VEAN MAGNETIC PATH
IENGTH/TURN OF WiRE (m)

HEIOHT (m)
MASS (kg)
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6.5 ASSEMBLING THE CORE CATALOG R
As shown in Figure 31, the Core Catalog Cards should be - ‘
5 4
arranged as follows: riis
1, Pitle Card--one card containing any desired information, ;; J
2, Manufacturers' Names (ard--one card conteining the names of L
up to two manufacturers, Pl
3, Core Catalog Size Card--—one card giving the number of core .-
sizes and the number of values of i
relative permeability in the catalog. o
L, Loss-Coefficient Cards--one card for each value of relative i
permeability in the catalog listing 2 1
= loss coefficients. ' o
~ ;
5, Permeability/Manufacturers' Names Card(s)--for Core Size #1 i =
(smallest volume}, “ ' *
6., Core CGeometry Card-~-one card giving the dimensions of core f; g '
size #1. R
7. Permeebpility/Msnufaciturers! Nemes Card(s)~--for Core Size #2 B f j
. {next to smallest Lo j
. . volume). : |
8, (Core Geometry Card--one card giving the dimensions of core o { g
size #20 - ._ i
4o
® Permeability/Yanufactuszfers' Names Card{s)~--for Core Size #n I S
o (largest volume). AR
Core Ceometry Card--one card giving the dimensions of core. |
size #n.
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THE WIRE TABLE

The Wire Table immediately follows the core catalog cards..
The first card in the wire table is in a (I2,1x,I2) format. The
Tirst variable gives the largest wire size (smallesﬁ AWG number)
and the second variable gives the smallest wire sigze (Largest

AWG number), The format of this Wire Table Size Card is shown

in Figure 43. A semple Wire Table Size Card is shown in
Figure hl,
The remaining cards in the Wire Table zive the cross—

sectional area and resistivity of each wire size. These Hire

Data Cards should be arraqged in order of increasing AWG number
(décreasing wire cross—s;ctional area), One Wire Data Card
should be used for each wire size, The format of the Wire Data
Cards is shown in the table below (see also Figure 45), A sample

Wire Data Card is shown in Pigure 46,

COLUMNS FORMAT PARAMETER

1-12 E12,5 Area of Bare Wire (me)

13-2k E12.5 Area of Singlg Coated Wire
(=)

25-36 El2.5 Area of Doudlg Coated Wire
(n®)

37=-48 E12.5 Area of Triplg Coated Wire
(2%)

ho-60 E12.5 Area of Quad Coated Wire
(n®)

61-72 E12,5 Resistivity of Wire Size

(ohms/meter)

ECBOFELE S X
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If a wire size is not available ir n particunlar coating,
indieate this by entering zero (or blank) for the cross-sectionsal

area of the unavailable wire type.,  This insures that the unavaile

able wire type will not be chosen for a design.,
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PROGRAM INSTALLATION INSTRUCTIONS

Programs DCIDC and DC2DC described in this user's manual are written
in FORTRAN IV and have been used on an IBM 370 model 165 operating under
the control of the IBM Operating System Multiprogramming with a Variable
number of Tasks (0S MVT). The two programs DCLDC and DC2DC are separate,

stand-alone programs, each with its own separate identical data base.

Program DC1DC consists of approximately 1050 statements, while program
DC2DC consists of approximately 1075 statements. The data base, consisting
of magnetic core loss, permeability and dimensional data, occupies approx-
imately 260 cards, The total core requirement to compile and produce an
executable module, including arrays, is 250 K on the IBM system described

above,

The programs read only from the card reader and write only to the line
printer. The logical unit number for the card reader on the system for
which the programs were developed is 1 (one); the line printer umit mumber
is 3 (three). These input/output unit numbers must be adapted by appropriate
job control language or the programs must be edited to conform to the con-

ventions of the system on which the programs are to be installed.

The installer may wish to copy the data base cards to a disk or tape
file and assign the corresponding logical unit number for the read operations
associated with the data base. These data base reads occur only once during
the program execution at the beginning of the program. The control cards
which describe the design specifications and control operations must be

read by the card reader.
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" APPENDIX

LIST OF SYMBOLS

The following symbols may appear on the program output:

SYMBOL

AREA (oxr CORE AREA)

AVWG

AWG PRI,

A¥WG SEC.

B MAX

B RESIDUAL

CAP ESR

CONV FREQ

CORE PATH LENGTH

MEANING

The ceross-~sectional area of the

magnetic core (ma).

Wire size given by AWG numbers.
(Program DC1DC),

Wire Size of the primary winding
(Program DE2DC),

Vire size of the secondary winding
(Program DC2DC).

The maximum allowable flux density,

given in tesla,

The minimum allowable flux density,

given in teslsza,

The residual flux density of the

core material, given in teslz.,

The effective series resisiance of

the capacitor (ohms),

The freguency of operation of the

converter system (KHz).

The mean magneitis path length of

the core (m).

me M

i i,
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SYMBOL

DSN MODE

EFF

EFF/MASS

HEIGHT

Ia

IAP

IB

IBP

IBS

B e

MEANING

The mode of operation of the convw
erter at the design point in the
PO-VI plane, A "1" implies cont~
inuous conduction, a "2" implies
discontinuous conduction {Program
DC1DC).

The efficiency of the converter (%).

The efficiency of the converter
divided by the mass of the resctor
element, (%/XG).

The height of the magnetic core (m),

The minimum value of reactcr current

over & ¢sele (amperes) (Program DC1DC).

The value in amperes that the primary
current takes on at the beginning

0f the itransistor on-time (Program
DC2Dn¢),

The value in amperes that the sec-
ondary current takes on at the
beginning of the transistor on-fime
(Program DC2DC).,

The maximum value of reactor current

over a cycle (amperes) (Program DC1DC).

The maximum velue of primary current

over a cyecle (amperes) {(Program DC2DC).

The maximum value of secondary current

over a cycle {amperes){Program DC2DC).
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SYMBOL

IB MAX

IBFP MAX

IBS MAX

I COLL

IC RMSB

IC RMS MAX

IND
IP RMB
I3 BRM8

IP RMS MAX

140

MEANIHRG

The maximum value that IB takes on

over the design range of the converter.
(Program DCLDC)

The maximum velue that IBP takes on
over the design range of the converter.

(Program DC2DC)

The maximum value that IBS takes on

over the design range of the converter,

(Program DC2DC}

Current in the collector of the trans-
istor at which the saturation voltage

was measured (amperes).

The RMS value of current in the

capacitor (amperes).

The maximum value that IC RMS takes
on over the design range of the

converter.

Phe inductance of the single-winding
reactor (mh) (Program DC1DC).
The RMS value of primary current

(amperes) (Progrem DC2DC).

The RMS value of secondary current

(amperes) (Program DC2DC).

The maximum value that IP BEMS takes
on over the design range of the

converter.
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L=

IS5 RMS MAX - The neximpa Value wast IS RMS tijes
. ' on ovs¥ $hc design yange of Hhe
RH , conversef (Fiogram DC2DC }4 |

i IX AVE : The evedimge vElue of %he single-
winding meselets curPent over &

T

X

opede (Progmam DCLDC)H

I

IW RMS : : 9kc RME Vvalue of the @*ngleﬁmnﬁjng

Oopedeth gutfen® (PPoggap DCLDC).

S

I_...__...‘
b
5

S RES Wi . Ohe Hgpismgs Yadpe ¥hat IX RMS Fhkes

g ce oved fhe fesisn @é@’ige of the

i

b

i gonwedey (Pyogram DCIDC).

i tn n:::"

! MASS Pho mass of the magnetiec core (KG).
;E MAEY CGORLS® Sno mogimus s)¥oRable stack height,

| ’ BAAE Yolpfive Permewnbility
i Sy
Lo RN

i CpEbe® of tulfs of Wire for ﬁhe
cingle-ZXuwd i x: g',;}:&’;or (Program DC1lbC),

]F = ¥E lpsbew of pii=dly turans for the
’egoﬁg‘iﬁﬁir@g Yspetor (Program DC2DC). R |

wE ' Jvmbey of e@&iﬁafy turns for the
A . Sgoibyimdlng rgRctor (Progr@. DC2BC).

nn b 30'“’32"? b Ba ¥ ZE é ef mbnverter operates in the
L _ . < . goirminuos mnf mode over its BHbigs
Een r_,b_ng:a ot cther&;ﬂse.

a

BRI \...:E;;F;) [-'1 e
]




SYMBOL

PO

P OUT MIN

P OUT MAX

PRI. IND.

PRI. WIRE LEN.

PRI. WIRE RES.

REACTOR AREA

REACTOR LENGTH/TURN

REACTOR MASS

SEC. IND.

142

MEANING

The output power (watts),

The minimum output power of the

converter (watts).

The maximum ocutput power of the

converter (watts).

The inductance of the primary of the

two-winding reactor {mh) (Program
DCcanc).

The length of wire used in the primary

winding of the two-winding reactor
(m) (Program DC2DC).

The resistance (ohms) of the primary

winding of the two=-winding reactor
(Program DC2DC},

The cross-=sectional aree of the

magnetic materizl in the reactor
2
{(m=).

The length of wire per turn of the
reactor, based on a 40% winding

factor (m).
The mass of the wound reactor (XG).
The inductance of the secondary of

the two=winding reactor (mh}
(Program DC2DC),
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SYMEOTL

SEC. WIRE LEN.

SEC. WIRE RES.

STACK HEIGHT

T OFF

Vv DIODE

v IN MIN

v IN MAX

¥ QUT

¥ SAT

WIRE LENGTH
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MEANING
The length of wire used in the
secondary winding of the two=
winding reactor (m) (Program DC2DC) .
The resistance (ochms) of the
secondary winding of the two=-winding

reactor (Program DC2DC).

The height in meters of the core
gtack.

The transistor on-time {usec).

The transistor off-time (psec)

The diode forward drop {(volts).
The input voltage (volts).

The specified minimum input voltage
{(volts).

The specified maximum input voltage
(volts).

The regulated converter output

voltage (volts).

The transistor saturation voltage

(volts).

The length of wire used in the
single~winding reactor (m)

{(Program DC1DC).
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SYMBOL MEANING

WIRE RESTSTANCE The resistance (ohms) of the wire l
wsed in the winding of the single- 5

winding reactor (Program DCLDC). L

WX. AREA c The area of the witidow of the core
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