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OBJECTIVE

Determine the feasibility of modifying or replacing the 400-Il, power supply of the
URT-23A(V) to operate from 60-U, power without the external power supply. The feasi-
bility of powering the transmitter set with the same power supply and dc or 400-liz sources
is also of concern .

RESU LTS

I. Block diagrams of the 60- and 400-Hi power supply configurations were
created and used to study the power requirements ot the transmitter set. The primary func-
tional blocks of the transmitter set were examined for power consumption levels. Based on
the transmitter power distr ibution configuration and power consumption estimates, paper
designs for two switc hing-mode power supplies and one inverter power supply were produced.

2. Volume estimates of these power supplies were made by using actual parts that
satisfied the design parameters . The results of’ the power supply volume estimates indicate
that it is possible to replace the rf amplifier 400-liz power supply with a power supply that
increases the it’ amplifier height by 2.2 inches. operates from dc . (0- or 400-Hz power, and
opens up 70 in3 in the rf amplifier for future growt h.

RECOMMENDATION

Demonstrate the feasibility of the proposed power supply design by building a bread-
board model that can operate from Do D-STI)- 1 399 . section 300 shipboard power and
satisfy the P~~V Cr requirements of the AN U RT-23 .‘

~~~ 
\‘ I transmitter.
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INTRODUCTION

This work was pert’orrned to determine the feasibility of replacing or modifying the
internal power supply ot’ the A N/ URT-23A(V) high-frequency transmitting set to permit
operation from 60-Hz power sources. Current operation o,f the AN/VRT-23A (V ) from
60-I-li power sources requires a separate optional power supply (PP-3916A/UR), while
operation from 400-Hz power sources is accomplished via a power supply internal to the
rt’ amplifier assembly (AM-3924A (P)/ UR). Utilization of 60-Hz power is the preferred
approach. Space is critical in many of the radio set installations so the purpose of this
study is to determ ine the feasibility of powering the radio set from 60-Hz sources without
the use of the external power supply. The feasibility of powering the radio set via the same
power supply from dc and 400-Hz sources is also of concern .

DESCRIPTION OF URT-23 TRANSMITTER

The AN/ URT-23A(V) is a l-kW radio transmitter capable of transmitting on the
frequency band of 2.0 to 29.9999 MI-li. The transmitter may transmit in continuous
wave (CW) , amplitude modulation (AM). radio teletype (RATT), upper side band (USB),
lower side band (LSB). independent side band (ISB), and ISB/RATT .

The transmitter set (fig I) may be powered by any one of three sources: 11 5 Vt
3~ /400 Hz~ 208 V/3~ /60 Hz; and 440 Vt3~ t60 Hz. 400-Hz power is converted in th~
400-Hz power supply, PP-391 7A/ UR, that is contained in the Radio Frequency AmpL1er,
AM-39 24A(P)IURT. 60-Hz power is converted in the 60-Hz power supply, PP -39 16A(UR,
a separate unit in the transmitter set.

3
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Figure I. AN/URT.23A(V) transmitt er set.
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400-Hz POWER

Figure 2 is a block diagram that describes how 400-Hz power is utilized. When the
primary power switch . S4, is closed, single-phase 115-V power is applied to the exciter. The
exc iter produces a 28-V dc voltage when it is set to standby or operate that causes standby
relay K2 to close .

When re lay K2 closes , power is delivered to the 400-Hi blower motor , final amplifier
filaments, driver amplifier filaments . APC~PPC* power control board, and dc power control
board .

The dc power control board produces 28 , 20, 12 . and ii V dc. The 1 2-V dc voltage
is supplied to remote units, and the 28- , 20-. and I 2-V dc voltages are used by the power
amplitier control circuits. The 28-V dc voltage causes band switch motor drive relay K3
and t ime delay relay K4 to close .

When relay K3 closes, the b0-Il~ inverter receives 28-V dc power , which allows the
band switch motor to operate. Relay K4 is the time delay relay that closes 3 minutes after
20 V dc is applied to it. When K4 closes , 28 V dc is applied to operate relay KI. Relay KI
is c losed by the 28-V dc voltage , hut only if a 20-V (Ic voltage from the exciter is also
app lied to it. This 20-V dc voltage is supplied by the exciter only when it is in the operate
mode (ie. A M. (‘W , USB, IS H, LSB, RATT. or ISB/ RAI1’). When KI closes . I 15-V . t hree-
phase 400-li, power is a~pli~’il t~~ t he driver and final amplifier plate circuits.

IL
, 

_ _ _ _ _ _ _ _

t

*APC.PPC : Average power control peak power control

5
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60-H, POWLR

Ihe conf igurat ion for operating ~ itli oO lit is shown iii figure 3 o perating ~ ith
ri o) lit is the same ,is operating with 400 11, with the foIIos~ ing excep t ions

I 11w 400-11: blower motor operates Irom a 400-111 inve rte r

2 Ihe band s~ it ch motor recei~ c~ c~0-lii ~O~% ci directly I rotH switch S~$ .

3 I-he 440 — and 20S -V .ic oIl .igcs are changed to us.ih Ic ol t .igcs through
different transformer con; i cc  I Ions . 
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I 60- ANI) 400-Hz POWER REQUIREMENTS

Table I represents approximations for the amount of power that is required by
each of the functions powered by the 48—420-Hz transformer. Table 2 represents similar
fi gures , but for the main power branches of the transm itter set. The estimate for total
itiaxim um power consumed by the transmitter set is 4569 watts the specified power
consumption is 4500 watts. Details of the calculation for these estimated figures are Con-
ta ined in appendix .-\ .

Table I - 48—420-Ut transformer power users.

L l N l ~ POW LR(WA US) USER

16 V ac 3.2 auxiliary equipment

32 V ac 64 dc control board
13.5 V ac 135 driver ampl filaments
6 V ac 65 final ampl filaments

115 V ac 69 APC-PPC P.C. board

Total 336.2

Table 2. Main branch power users.

[IN I POWER (WATTS) USER

2250 V dc 3375 fInal ampl plate voltage
500 V dc 500 driver ampl plate voltage
115 V ac 230 exciter & antenna coupler
24 V ac 63 400-Hz blower motor

65 400-Hi inverter
115 V ac 336 48-420’Flz transformer (table 1)

Total 4569

60- AND 400-Hz POWER SUPPLY VOLUMES

A primary consideration when examining an alternative power supply is the volume
occupied by the present power supply. The rf amplifier contains the 400-Hz power supply.
Also within the rf amplifier is the 48—420-Hz power transfo rmer that services the filaments
and control boards.

The 60-Hz power supply occupies its own unit , but it also delivers power to the
48—420-Hz transformer. For both power supplies, the transformers are designed to the
frequency of the line power they operate on. The only exception is the 48-420-Hz power
transfo rmer. Table 3 lists the power supplies, some of their components, and the volumes
that they occupy.

9 
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Table 3. Power supply volumes.

ITEM VOLIJM E

48-420-Hz power transformer 70.56 in3 (4 X 3.6 X 4.9)
400-Hz power supply 711.48 in3 (10.5 X 15.4 X 4.4)

power transformer Ti 18.19 in3 (2.12 X 3.12 X 2.75)
power transformer T2 156.4 in3 (5.93 X 6.3 1 X 4.18)
60-Hz inverter 82.59 in3 (6.81 X 4.125 X 2.94)

60-Hz power supply 2344 in 3 (7.1 X 17.38 X 19)
power transformer 684 in3 (6 X 12 X 9.5)*
400-Hz inverter 22.5 in3 (25 X 1. 5 X 6)

SApproximate

PROPOSED 60-Hz POWER SUPPLY DESIGN

A 60-Hz power supply design that operates from 200 V/3Ø/60 Hz is described in
appendices B, C, and D. The design consists of three basic sections that are illustrated in
figure 4.

1. 2250-V dc power supply
2. 500-V dc power supply
3. 400-Hz inverter power supply

The power supply was designed for the 200 V/3Ø/60 Hz power option of the
AN/URT-23A(V) transmitter. A power supply designed to meet the new 115 V or 440 V/
30/60 Hz shipboard power specified by DoD-STD-l399 , section 300 will have the same
volume within a first order approximation since the same amount of power is being delivered by
the power supply. The different voltages would be handled by converter transformer turn ratios.

The power supply designs include volume estimates based on actual components
selected to satisfy the parameters of the design. The volume estimates are summarized in
table 4.

The 2250-V dc power supply section powers the final amplifier plates. This line is
the single largest user of power in the transmitter set and draws an estimated maximum of
3375 watts. The power supply design is a switching-mode regulator, buck-boost configura-
tion, operating at 20 kHz. The design estimate for this power supply assumed lossless cir-
cuit elements since switching regulators normally have high efficiency. In any case , circuit
elements are derated sufficiently to account for some inefficiency.

The 500-V dc power supply section supplies power for the driver amplifier plates
and for screen voltage regulation. This line is the second largest user of power in the trans-
mitter set and draws an estimated maximum of 500 watts. This power supply is also a
switching-mode regulator operating in a buck-boost configuration at 20 kHz. Again lossless
circuit elements were assumed but actual parts derated.

The 400-Hz inverter supplies 115 V/ l0 power to the blower motor , band switch
motor, antenna coupler , exciter , and other users . Of these users , only the band switc h
motor needs to be modified for 400-Hz operation. Power supplied by the inverter to these

10
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(‘ONCLUSIONS ANI) RECOMMENDATIONS

lhe present 400—il , power supply can he replaced with a power supply thatIncreases the rf amplif ier height by 2 .2 inches . operates from dc . 60. or 400 II,. and opensup ‘() in-~ in the rf amplif ier for future growth.
It is recoin m e  nded that tI me feasibility of the power supply design be verified bybuilding a breadboard model that can operate f rom shipboard power as specified in DoD—S II ) — I 3~)9~ sect ion 300. and meet the requirements of t ime AN/ URT—23A ( V ) transmit ter.
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APPENDIX A: URT-23A(V) POWER CONSUMPTION ESTIMATES

Reference : AN/ URT-23A(V) Operation and Maintenance instructions, NAVE LEX
0967-456-9010

2250-V DC LIN E

Delivers power to final amplifier (FA) plate
Peak RF output is I kW in the CW mode.
In CW mode the plate current is no greater than 750 mA for each FA tube.
There are two FA tubes in parallel.

POWER DELIVERED ON 2250 V DC LINE = 2 (0.75 X 2250)
= 3375 WATI ’S

500-V DC LINE

No specific information on maximum current consumption was found, but the SOOV dc
line is fused to 1.5 A~ assuming that the max imum operating current is two-thirds 1.5 A~
the maximum operating current will be I A.

POWER DELIVERED ON 500 V DC LINE I X 500
= 500 WATTS

115-V AC LINE SERVING THE ANTENNA COUPLER AND EXCITER

The antenna coupler and exciter are powered by a 115 V ac line fused at 3 A.
Assuming that the maximum current delivered is two-thirds the fused value, the current
delivered to the coupler and exciter is 2 A as a worst case.**

POWER DELIVERED 10 24 V AC LINE = 5.33 X 24
= 128 WATTS (ROUNDED)

To confirm the validity of the above estimates , the following check is made. A
typical inverter may operate at 65% efficiency. Assuming that this is close to the efficiency
of the inverter under consideration, the maximum power being delivered to the blower by
the inverter is 83.15 watts .*** This is reasonably close to the known 63 W being consumed
by the blower to justify the assumptions made.

Where there was uncertainty, maximum figures were used.
~~In the 400-Hz distribution of power , the blower motor is also delivered power on this line, so this is a

worst case estimate.
***~J~ 5 X 127.92 = 83. 15.

-~15 
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The following lines deliver power from the 48—420-l iz transformer :

16-V AC LINE

This voltage is rectified and regulated to I 2 V dc for use by auxiliary equipment.
Current is less than 0.2 A.

POWER DELIVERED = 0.2 X 16 = 3 2  WATTS

32-V AC LINE

This line delivers power to the dc control board. lt is fused to 3 A, so employ ing
the assumption that maxirimum working currents are two-thirds the fused current . 2 A is
the estimated maximum working current.

POWER 32 X 2 = 64 WATTS

I 2.5-V AC LINE

This line supplies power to the driver amplifier filaments. Two filaments in parallel
that are spec ified to be 0.2 ohm each are served by this l ine.

POWER 13.5 X 0.1 = 135 WATTS

6-V AC LINE

There are two of these lines that each serve time filament to the final amplifier tube.
The filaments are specified as 5.4 ohms.

POWER = 2 (6 X 5.4) = 64.8 WATTS

115-V AC LINE

The APC~PPC* board is powered by this line. The est imna ted m axim urn work iag
current is 0.6A based on the characteristics of’ the trans istors (type 2N22 19A) that are
served by this line.

P O W E R = I I S X O . 6 = o9 WATTS

*A PC PPC: Average power control — peak power control

I 6 
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~PPI \l)I\ H l)ESI(;N OF -t 2250 V I)C. 3375-W POWER SUPPLY

( j l  Switching Regulato r- s h% LI. Oghorn, Assoc iate Professor of Engineering,
Purdue L m1i ~ e r ’sit ’,

ml ’  i %tJ~ f lCIIc5 . ln~ . t alalog ti M( -IOU
I \ f .~ c ~- t .  lri~ I .iialog MPP-303A

mdl  Spat et rail I ramis torIller and Inductor I)esign. JPL Publication 77-35 . by

~ 1 tI~ I ~ maim
~

- m \m 1St I K I ‘ ‘. J I out,. I Kamm . I June 19 78

- 1  I he loI Io~ ‘~ F I - tm I ’II % represent the basic design calculations for a power conver-
ter Ihj t ~ ill supph 1 ~~~) t L I ~ -‘ to lime final amplifier plates of the AN/ URT—2 3A(V).
Iht e t )nbeIICr m~ a ~~mkhmg- ;mt ..d~- regulator operating at 200 k I l t  in a buck-boost configu-

ritiomm ii~ HI I he pur ;’~’~ ~‘ m this design t~ to obtain an estimate of the volume that such
~ ~C t1 %~~~l~~T M.oLilt.I ~

1 N t~ N I

c
i4v

t 
C~~~~~~~~

Figure HI - Buck-boost switching-mode regulator.

The input power to the converter is 200 V/3~ /60 Hz. The required output is
2250 V/ I  .5 A. The calculations that follow assume that (‘2 is sufficiently large to keep
V 2 constant and that the diode , inductors , and transistor are ideal elements. Spec ifications
for the converter are contained in table 131.

Table HI - Specifications for buck-boost converter design.

INPUT; 200 V/3Ø /bO Il, (270 V dc when rectified)
OUTPUT: 2500 V dc/ I S  A
SWITCIIINc FREQUENCY (1) : 20 kIli
DL~TY cycLE. 5o~-~-

A boost regulator has the input voltage added to the inductor vo’tage when charging the output capacitor .but the bock.boost regulator has only the inductor voltage cImargin~ the output capacitor .

17
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There are three methods of obtaining the required output voltage :

I. Adjusting the duty cycle (I.)) of time switching fransistor

V in — I — I )
V out D

2. Adjust ing time turns ratio of transformer:

V in - 
N~

V 0~t Ns

3. A combination of I and 2.

If only the duty cycle were used to obtain the required voltage , and a 1: 1 turns ratio
transfo rmer were used in the circuit of figure B I, the transistor would experience a voltage
of at least 2250 V dc across its collector and emitter when it switched off. Transistors do
not commonly have a V CE breakdown voltage greater than 400 V . so adjusting the duty
cyc le would not be a practical method of obtaining the voltage in this case.

Selecting the turns ratio as a method of achieving the required output voltage , a 5O’
duty cycle for Q is enmployed since it will give arm output voltage directly proportional to
the input voltage and turns ratio.

TURNS RATIO

N~~~~ V 1
Ns V 2

V 1 = input voltage (270 V dc)

V2 = output voltage (2250 V dc)

Np = number of turns as primary side

N5 = number of turns as secondary side

N5 - 270
Np 2250

ND
— = 8 3 3 3
Ns

This turns ratio will cause 270 V on the primary when 2250 V is on the secondary.

[ 
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WAVEFORMS
I

Current and voltage waveforms for tIme regulator of figure BI are shown in
t’igures B2 and B3.

T I
ON J i  OFF 2 1

‘ iN

~~~ j  

+ X 8.33

Ii 

~~I X 8.33 11PK 
+ ‘ A 1 X 8.33

ID & I LS 

1
PK~~’ R 

1~~~~~~~~~~~~~~~~~~~~ I ___________

_______________

~~

I

~~

.15A

~~~~~~~~~~~

Figure B2. Buck-boost regulator current wavefor ms for D = 0.5.
(Not to Scale)

‘Assumed to be smooth dc for the purposes of thes e figures ,
I
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ON O F F  Ia I I

T2
270V

V I

1 1 _____________

270 - __________________ ________________

V CE

2280

V LS 

1 ________________

-2250 —

V o 
I ____________ I

2250 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

v~ 2 I

270V —.
~~~~~ ~~~~~

— - — ... _ —
~~~~~~~~~~~~~~

v~ 1 I I I

Figure H3 . Buck-boost regulator voltage wavefornms b r  E) = 0.5.
(Not to Scale)

~XV is spec ified here to he l~ P/I’ of V~ . V 2 is 2250 V dc , so ~ V is 22.5 V P/P.
The rms value of ~ V is 13 V . ~ V(. i is specified as I 0~’ ot’ V 1 - V (’ ripple voltage is I 5.6 V rms.

‘PK

Specify ~ I on C, to he l0~ of’ IRE : ~ l wi ll he 0.15 A P/P.

Q - lT
For Q 1 : I = ) . 5 A

1 2 5 ~zs

.. = 3 ‘5 X l0 ”~ coulonmhs

20
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~,

I-or Q,: Q, = — -- \ .~l (I, - F I1 + ‘1 PK - .~l)( I’, - F ill

=

so .

= I 5 ’ ~ A

‘L) RM S ~ LS RNIS 1

II) R~IS = [ ( l1~~ + 1 R 1 + 
~~~ 

+ 1 R 1 ~ l + 
~~~ 

2 
~~~,

_

II L ~ 
+ ‘ R =

~ I=0 . l 5  .-\

I 2  =

= 2~ ps

I L ) rnms = 2.22S

RMS

rms = S .33 \ I~) rmns

rmmm s I S S o A

1Ci RMS

Ihe rms value of the wavefor um is the square root of the sum of time squares of the
rms v al ucs of time trapcioidal 

~
1 i 1 and square wav e (I~ ft inct ’ons.

________________ 

T 2 833 (i
RK 

+
Ici 

I ______‘PK - _______________ ______

Figure H4. l(. I ~v j~ et~~i nm

2 1

~ 
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.- . - -~~ -~~ 
----- —- --

= 0 1 5  A I I 25~zs

IPK = I S  A 1 1

S 3 3  ..~ I I 2~
I ’ ’  — I  — I I  —

‘PK m mn~~~~ 
- .

= 5 1 PF 1 R~~~~
1 PK~

= 13 I A

l( )  
~~

= [I~ ~~~~ + ~ RMS] 
H

II RMS [(
li K I- + l 1)~~~l + 

t~~t~~~) 
ITT]

II RMS~~~ ~

Ii
RMS — 1PK E2

~ RM S = ~~~~~~~~ A

RM S ~~~~~ -‘

1( 2  RMS

Referring to figure 135 am id t isi i mg cqLmatmt ’ lm ’. tro im m reference d 1. 1( 2  nus  mn.i~ be
calculated after deteruminiri g the rums ~a lue ~i i  t i m e ~lua~ wa~e, I~ . arid mr .rpeiottlal ~ .o.- , 1 2 .

I~

_____- —  

1PK 

T
1

1
2

Figure B~ Ii., ~ .tv~ t~n mm 



-~~ ~~~~~~~~~~~~~ ~~~ 
- ~~~~4~L_.—

I~ R%1 S = ‘R 
~~~~ 

H

= I S  A

II ~~~~~

I, = SO ps

~I RMS I U c ~ A

1 2 RM S [(l~~~
+ l PK l +  

~~
) I~~

_ l
~~
] 

H

1PK = 
~~~~ 

-\

.X I = - 0 l ~~ -\

I-’ R~IS l l ’ c~ -‘

l(’3 RMS [I~ RMS~ 
l~ R\IS]

RMS = I~~S -t

SRO~~D t R y  %s’INDIN(; WIR E Sli t -

~V ir~ ~mie is dete rnmim med hs time rums current that the w ire can imatm d le . and time circular
nmuls per ampere sp~’ciIie~l I-or the secormda r~ ~ iimding. tim e rums current will be the same as
II) R\lS~ 

2 225 A AW (~ I wire Is selected lor tim e secormda rv ~ indings because it is rated
.it I 4 A based on “SO circ mmls per ampere . -~W I “ wire has aim are.i of 2420 circ nmils.

I I

PR IMA RY W lNl)INt; WIRE SIZE

time rums current in the primar~ winding wilt be IS S A l’hc wire site selected for
time primary side is -\WG S. AW G S ~ ice is rated at 2 .10 -\ based orm “So c irc immi ls per
ampere ( I  S wire has an area ot IS 000 circ nu ts.

( = 1
-XV

= Ij ~~ (front figure 134)

= 12.5 A

is specified to be 10 of V I

~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ 
---

~~~~~~~ --



thus

XV = ..
‘“ V

.,X I 2Sp s

= II 6 pI

-

~

From ret e r ence (a ) ,

V ,R 1 f

2 , ’~O \ dc

1) = 0 5

= 22 5 \ P/P (I ~ ripp le spe c i f ied)

f = 20 kilt

= l500S~

= I o~

E S

Front re ference (a )

l)\
E.s 

~~
1) = 0 5

=2.1 50

= 0.15 A P P (specified)

I 
~ 

= 1S7.5 mm m li

CORE SELECTION

( ore se lection is based on the core selection charts of refere n ce (h I . Time initial
se lection is based on the power handling capability of the core . Time next consideration is
for a core that has a wi t m dow (WI large enougim t~ handle the required windings. Flue core ’s
ahiIit~ to  handle the windings is calculated I~ determining the winding factor (W i- ’)

Suitab le winding factors ar~ between 30 - and oO 7 . . l u 40 being a t~ pmca l val ue to t

2-I

_ _ _  —~~~ ~~~ - -



machine wound cores. These calculations will use a winding factor of 50~ - as the criterion
t’or a satisfactory core window.

The core that was finally selected for this design is t h e  Magnetics , I~ic , model MC’- 16 20.
Its dimensions are illustrated in figure Bo.

3/4~
_

~~~

Figure 86. Magnetics . Inc , core model MC-l6 20 .

The core nmmean magnetic pat h (1) , core cross section (A), and core window (W ) arc
listed in table 2

Table 82. MC~l 620 core dimensions.

= 2 5 4 c m

A = 3.63 cm 2

W = 380’) 175 circ mnil’

WIRE TURNS NEEDED

LsQ
Ns 8O.4irpA X  I0

LS = 187.5 null

= 25.4 cnm

p = 500 (permalloy 80)

A 3.63 cm2

Ns = 456.9 turns

N~— = 8.33
Np

Np = 54.8 turns

‘circ mu = X 1273200

25
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WINI)ING I”ACIOR

tim e winding factor tmi.m ~ now be ca lculated for tIme new core

— 

WI p ~\ I I

A
~

-p = 1 8000 cmic im m ils ( \W S wire )

N 1, = 55 f L int s

= 3$’)’) I ~5 cimc mim i ls

- — “~ ~1_
S

= 2420 circ n u t s  ( AW ( I I 7 wire )

= 45~ tur ns

W = 38Q’) l 75 cite nmi ls

WF~ = 0 2 5  3

WI 1, 
~ ~

1’s = ~ 536

Ar m optin urn l i. mmislom - nm m e r design ~ ill h ave lime en t i re  ~ indow area filled h’~ lime
windings. l’imis is indicated b~ a (,icl or (WI - 1 of ~ip pro ximmma te lv 0.5 Air space aimmong flit’
w indiimgs and wire i,msulat ion are ass uimied to take up imal t time wi mmdi ng area lImus, the WI  -

of ’ 0.53 cak-ulated here indicates that tim e ~oie s~’kcIed fo r f i mis power supply design ~-ill
f ’ul t’ill the requ ireimments ~mt this design -

(‘IR(’UIT ELEMENT VOLUM E I- SlIM -~TF S

lime t’ollowi mmg ~-o Iuume est i n mat es use reprt ’sentat i~ .‘ - alt lmomigh imot necessarily Opt i -

mum , circuit c lemmi enis since t he purpose oh’ Ilmis design is to est imate the volume of a
practical converter . Ilmest’ e \ ternal d ii m mem msmons .ir~’ on t i me eonm s en~ a tive side and ri m a~ th ere—
fore be considered a worst ease -

1IRII (;i RECTIFIER

lhe bridge ree fi h ler consists of ’ sis t hmodes . Stici m a re..- t i t ie r  may be nma~k’ li-omit a
bridge n-ect if ie m- pat -k ice or - i ii on ~1e i to obta in .i s~ i ’i s t -ca se ~olminime estimate , a set oh sm S diodes -

Ilm~’ diode k- tm osen b the bridge network i i i  t i s t  he able to handle 1 ne \ else soil a~e
of 200 V for s,iief~ mud .mI k’ .m~i 2 2- - \ m m enag~- cur rent - -\ diode lIm;,l sat is f ie s  these
requirements is t ime I N I I ~~6 I’he 1 \ I I ‘S6 diode is c i ted . mt 2(1(1 \‘ and 25 -\ lime umaxinmum

1(1 
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~ 

I

reet amm g ula r din m iei m si o i m s of the single diode p.i~k.ige a le 0. ‘ \ (I 7 \ I .5 lli~’ est it i ma ted
~I mci mensm o nms of .m set of ’ sis of t hese diodes is I \ _

1 \ ~ mi m d m e s

I is require d to Ii.im C .1 ¼.ip , icmtami ~e of I I S p1 and ., sm on k im m g ti ltage of I “t) V tic
l’Imt’ capac itor selected to n 0~ is time ( ‘orimell l)ul’ilit’r c.ip .ieiton descr ibed in table 133. l Ime
co imt ig uratio n ot time capacitor is drawn in f igure ii ‘ aci d h as  .i c.mpat - i t , mnice of I I -

laNe 143. (‘ornell l)ubiluec t .tni t aluc mm toil ca pacitor \ 3 RQ l  NI -

( m i l ls iiJiisT ‘i

(‘.1st’ Slit ’ I - ‘  ~O 40(” I) . ‘ S ‘ I 1
- 

-~ I)t woiking %~~‘ ( I . ic s ’ 2”~ \ tie (am I ‘“ ( I

111111
111111
T T T T T T

I-igmime It ‘ ( - eoim t iguriit ioim -

l ime rectangular vo lume t h at t h ese capacitor s would occupy is t’ st im mm at e d to be
2 \ 4 \ 4 inch es .

rR ANSI ORM1iR

lime traimsf or nte r (I I~ 
and I s ’ will h ave rmi.ixi iuunm diii meimsioiis ssIme n it h as  been

wound. lIme estim ated mi m .ix i n m mtmm m i d inmiensi or ms art’ i l lustrated in lignite 13$.

.1 114

~~~~~Ti
~

‘
- 

~~~~~~~~~~~~~~~~~~~~~~~~ I 4

Fi~tinc ItS 1st  tmatt’d mn,m siiimiinm sf unensiolls of
ransto rmue , w mlii model I 0.1(1 sI ll e

I or the purposes oh this estimate - time t ranst ’or immem’ will be assu m e d  to lmavt ’ a reef an -
gular volume of ’ ~ 3 \ 4 indies

L~._______ 
_ _ _ _ _  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —
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SWI TC HI NC TRANS 1STOR (Q)

The switching trans istor must be callable of ’ handling “(‘l~ 
olaf least 270) V and

of at least 185 A titus . Sucim a transi stor is time Motorola MJ 1001 5 , which has a “(‘I  of ’
400 V and 1v of ’ 40 A. l’lmis transistor is conta ined in a I’O—3 package that will occupy a
rectangular vo lume of ’ approxim ate ly 2 X I X 1 inches

DIODE (L) i 1

t’lme diode of (lie regulator must be capable of handling a reverse voltage of ’ .4000) \‘ tic
and a current of 3 A nuts Such a diode is a coi muhicua tion of ’ l’our Westing h ouse I N3’)9()
diodes in series , lime I N3’)t)0 diode is rated at 6 A l 1 0)00 V and comes im m a 1)0-4 pat’kage
‘l’he rectangular voluimme th at a set oh ’ four diodes would ocemi p is 4 X I \ .~ incites.

(‘APA( ’ITO R 
~ 2

is required to h a v e  .i cap at ’it a i uce oh I o7 p1” at md to he able 10 wi I hmst and ~i

wor ki img voltage of 3000 \ hhme ac ripp le clirreiit will be I 5 A rim us
‘ornell 1)ubilier ta i mtal u imm toil capacit or ~‘3 K’) I NI - is selected - This capacitor has

time charact eristics g iven in table 134 .umd is commtigu red as in figure 14’) ,

1’~ 144. ( ha m ac f e r ist  ics of ’ (‘ornell l) imblier tantalum
fo il c.ip .icltol \ 3  R’)I.NF.

( ‘ ap .is - i i . I imss ’ ~ ‘~ p1-
(.ls~ si / I ’ I “ (0 41_tO I) , .1.S ’ I  1

1k i~t~ikitii m I l h l . I ) ~ s ’ :  2~
t) “. (at I 75 ’( ’)

I I I I I

I I I I I

~~~~~~~~~~~~T T T T T
I:igtirc It’) - (‘apac itor ( . 1  confIguration -

There art ’ twe l v e  3,’) p1’ capacitor s in ea~’ im oh time five s lmu imt hi’anchit’s I h i s  pis es

an overall capacitance of ’ I (mIS pF i’att’~I at .4 0t)( ) V dt’ I I  S
’
( )

‘lime dinienusiom ms ot ’ a im insu lated l - 5 case are 0.40(m (diameter ) and I S ‘4 (length)
lime estimated rcctac mgu lar volunme ot a S \ 12 \ I .ii-,a~ oh t hese ca pac ito ns is 3 \ 4 \ S u t  -
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CONTROL CIRCUITRY

The control circuitry will be allocated a rectangular volume of 3 X 3 X 4. The
volume allocated to the control circuitry will account for circuit elements that provide for
soft start-up, protection circuitry , switching control , and sense elements. These functions
will be scattered throughout the power supply and in many cases take up only interstitial
volumes and not have a large impact on the final volume, Liberal use of the new , compact
control and driver DIPs is assumed.

SUMMARY OF DIMENSIONS

Table B5 - Summary of estimated dimensions of circuit elements.

CIRCUIT ELEMENT DIMENSIONS (in) VOLUME (in3)

BRIDGE RECTIFIER I X 2 X 5 10

C 1 2 X 4 X 4  32
T 1 3 X 4 X 5 60

Q I X 2 X 2  4
D 1 X 3 X 4  12

C2 3 X 4 X 8  96

Control circuitry 3 X 3 X 4 36
Total 250

In one hypothetical arrangement of the elements of table B5 , the elements were
fitted into a 4 X 4 X 16 inch box. This represents a total volume of 256 in3 ,

‘I
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APPENI) 1X C: DESIGN OF A 500 V l)C , 500-W POWER SUPPLY

Reti rences: (a) Switching Regulators by LL Oghorn , Associate Professor of ’ Engineering.
Purd tie University

(b) Magnetics . Inc . Catalog MCC- lOO
(c) Magnefics . lime . (‘ata log MPP-303A
(d) Spacecra ft Transf ’orcner and Inductor Design. JPL Publicatiomi 77-35

by Colonel W l ’ Mclynman
(ci NOSU TR 177 . J Fout,, I’ F~amin . I June I t)7~

‘lime calculations in t lmis appe imdix represent an out hir me of cal culations f ’or (he design
of a power converter t i mat wil l supply 500 V dc/ I .0 A to time URT-23A(V ) driver amplifier
plates and (‘or screen voltage regulation. Timis converter design is operating at 20 kili 1mm a
buck-boost configuration (f ig (‘I I. Time purpose of this design is to deterimmine circuit para-
nieters so that suitable devices may he se lected . lhe volume occupied by t imese device s will
be used to estimat e time vo ltmii me of ’ tIme complete co m mve rte r.

I I
~ 

N~, Ns- 

~~~~~~~~~~~~ 

-

~~~~~~~~ ~~ s~~tv; 

-

~~~~ HT 
~~~~ 

~~~~~~~~~~ L ~l’~ 1 C2 

L

i:igtmrt_ (‘I . Buck-boost switching-inothe regulator

The spt’c ificatioims for the converter a rt’ contained iii table (‘I -

Table C I . Specifications for buck-boost converter design.

IN P1. “I’: 200 V ,4 ç~ —ou I hi (270 V tic wh en i ect illed)
()tIT PL’T ’ ,c OO V dc/ I 0 A
SWI l’CIIIN(; I:Rl:QUFNC’u’ ( I ’): 20

l)i.l1’Y (‘\‘Cl F (1)) : 50

It’ time duty  c~ cle were used to obtain time required voltage ac md a I : I turns ratio
trans former were used in the circuif of figure CI, the transistor would imave at least 500) Vdc
imposed across the collector and en muitter. Siimee tran msistors do mmo ( commonly Iia~e ‘I \~ -

~ 
-

breakdown vo ltage greater than 400 V . adjusting tIme duty cycle would not he a practical
met hod ol obtaining tIme required voltage in timis case

- ~~~~~ —- -  
‘ - -~~ 

~ - -~~~~~~~ I -.  _ - ‘ ‘  ~~~~~~~~~~~~~~~~ - -~~~~ - ‘  --~~ ,‘-~~~~ -~~-— ~~~~~ -~- - --- ---—~~----~~—- - - - -



~~~~~~~~‘ - - - --“ - -- —~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~~~~ -~~~~~~~ - ‘  ~~~—- - - -

For a 50% duty cycle and I: I transformer turns ratio, the output voltage will equal
the input voltage. If the turns ratio of time transformer is adjusted, 500 V dc may be
obtained on the secondary side while the primary side will still see 270 V dc across the
switching transistor. This is a practical method of obtaining the required 500-V dc output
voltage .

TURNS RATIO

The turns ratio required on the transformer is determined by the following formula:

V 1 Np
V., Ns

V 1 = input voltage

V2 = output voltage

= number of turns on primary side

N 5 = numb er of turns on secondary side

For the voltage specified in this design the turns ratio is calculated as follows:

V 1 Np
V-1 Ns

270 
= 

N~
500 N5

N5— = 3,125
N p

Current and voltage waveforms that are enc ountered in the circuit of figure Cl are
drawn in figures (‘2 and C3.

31

________ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ::~~~



ON 1
1

1 OFF I
1.85

I.

i
• •’•”•

~

’•

~

•

~

•

~1 
j P K H

ii 

, • _ • ] , ~i X 3 125 i- ’
~

] 
11 PK 

+ I
~~

) X  1.85

1D 81 1S 

1PK~~
1 R 

1~~~~~~~~~~~~~ 1

~~~~ 

IR iPK_ ~~~~~~~~~~~~~~ 
~ 

~ i- lA

J:jgu,e (“2. Buck-boost regulator current waveforms for t) = 0.5 .
(Not to Scale )

‘Assumed to be smooth dc for t ime purposes of’ t hmt’se figures .
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-

ON 1 1 O F F  I

270V
V I

V t, 
I II

V
CE F I T h ~~~~~~~_ _ _ _ _ _

500

_ _ _ _  

- - - - -+--
~ I

_ _ _ _ _ _ _ _ _  _ _  --

~~~~~~ 

----i
V 2 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-
~~~~~~~~ i~t

I 1,

270V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

I I

Figure (‘3 Btick-boost regulator voltage was-c toi imis tor L) (1 5 ~
(Not to Sca le)

is specified here to be i ‘ - of V 2 ’ 2 is 500 V t ic , so ..~~
\‘

(~~ 2 is S V I’ P Ihe rimi s

~aIue of ~~~\~~~ ‘2  is 2 8’) \’ ~~~~~
‘

_
- is specified as I 0 :  ot V in V~. I nppk’ voltage is ( S o  V rums

1PK

~ l of it) OR I(~1 in figure (‘2 is spt’c ihieth to be t O ~~ I~ for these calculations ,
fimus, ~ l is 0.1 A P 11

(‘zmicuhatin g,

Q 1 Q~ (I~~ of fi g (‘It

Q = 11’
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For Q 1 : I I A

1’ 2S~~s

.~.Q 1 25 pc

IorQ, : = ! _ ( _ x I x ( l 2 _ r I ) ) ÷ ( l I,k _ ,,
~i ) ( 1 2  I 1 )

12

TItus, for Q 1 = Q2.

ID RM S

rums is required to de ter m mm imm e time wire s u e  for t Ime secondar~ winding for time
transformer.

II) RM S [1P~~~~1~~~ + 
~

1PK + ~~ + ~~~ 
‘
~ F 1 ] -

~ l 0 . l A

T i ISps

T2 5O M~

‘ I) RMS = 1 ,49 A

SECONDARY WINI)ING WIRE SIZE

The required wire s u e  is deternmin t’d h~ time rms curreimt and circular nmils per
anmpere specified. For time secondary winding. I 49 A mitts is time nma x in m u mm m rums current
experienced. AWG I 9 wire is rated at I - ~ 2 A based on 7S0 circ im mils per ampere . l ilt ’ wi re
area for AW ( I 9 wire is I 5t0  circ immi ls based oim time m mm axi n m ui mm diameter ot hea~ ~ t’or mmm~ at
wire with insulation.



~~~~~~~~~~ ‘ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -  

I

RMS

‘I rums dt’tt’ rm m minm e s time wire site of ’ t he primary side of ’ the transfo rumer. Referring
to  f igure (‘2 .

.~l = I . -~
I = l O S  A

= 1 ~ -~
= l S ’~ (il)

I ,  I S S  
~

1pK +

II =

1 2  - : “~() pS

-‘ 1 i
2 

~RMS ~(i; + 1 1 12 +

l~ RMS = 2 -
~~~

- ’~
(Note (

~ RMS is I 55 times Ii) RMS 1

PRIM AR~ W IN I)ING WIRE SIZE

lime priniar~ Th ht’ of time t ransformer t’\pt’ riences .i nmmaxt nm uni rnms current of ’ 2. ” 5 A
,\WU I t~ ~ ire is rated .it 3 .44 A based omm “50 ct rc niils per aimmpert’. Fime wire area for
AW h t wire is 300() circ immi ls based on the maximmiun i tlianmt ’ter of heav~ formvar ~% ire
with i,msulation,

(
~ 

is time square w av e (‘unction in I~~ . anti 1 2 is ti mt’ trapeioitlai w. i% e functio mi ~ii

‘I R M S ’ 1 R I~T )

II RMS °-~~ ” ,‘
~~

12 RMS = [(ik + + .~l
1
) 

l’2 _ T i]

II RMS = 0.75 .~~

‘CI RMS = 1 .05 .‘~~

U 35
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-~~~

Cl

t s mnmg figures ( ‘2 , (‘ 3, and (‘4 . and specit ’ving _
~V (.1 to hc l0’~ of V 1

(‘ = 1
‘~~ Cl

I = l ~~~= 1 5 5  —\

2” V

.~I 25p s

= I ~~~

l(.l RMS

I rums is required for selecting tIme proper capacitor tot - [si i t g figure (‘4.

I 

______________ 

T 1 T 2

ipiK - _______________

Figure (4  (‘un cu t wavcfo r imm ac t oss (‘
~ 

.

.~l 0 .I 
~ 

I
i 

= 2~ ps

Ip~ 
= I 05 A 12 = 50 ~
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i~ is the trapt’zt midal w.t~ e function , while 12 is I lie square ~s .is e f ’uimcti o im

RMS 
[
~ t~ K

2 + I~~ ~ l’ t~~~~~~

.

t 2 )  

I
i]

= I 44 A

Fl u ’
12 R\IS = 1 I~K

= 1 3 1  -‘

- ‘ l(.I RMs ~~~ -
~

l(’2

l ( .2 rums is required for se lecting time propt’r capacitor to! ( ‘2 1. ‘ sing f igtmi ’e CS ,
I

in

~~

Figure (.5 - I~,2 ~iuite imt ‘S .15 ~‘li’i fl

= l o t  A F 1 = 25 ~~

1PK = 105 -‘ 1 2  = SO (as

..~I =0 . 1 A

l(’2 R~lS = (If RMS + I~ RMS) 

-

(‘I

Ret ’erencc W i gist’s a formula for calculating ( ‘2 ,  \‘ will be spt’cifmt’tI bert’ to be I
~1f V 2.

I~ 
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~ V 2 R 1 t’

I) = O ~

2
R

i = 2 0 k11i

= ~ (i i’

Ls i s  required to determine the number ot I urims of ’ wire on the scco imdar~ of time
transto rnmer, Its ca lculation is based on specif\ im mg the current droop through Ls as it
delivers power to time load Flit’ t ’of los ~ lu g  e~iuat ion from reference (ii ) is used,

l~~- 
~~~~~~~~~

.

1) = 0 S

— 500

0,1 \ (specitie d

I = O k Ih i

1 S = ~~ uiti l

IflJ\ he calculated after tI me number oh’ turns on the prinmar ~ side base been
— 

calculated h~ using time f ’olloss’ing t’quat on -

~-i~
= 

Nj ~O.4irpA \ i 08

CORE SEL ECTION

(‘ore st ’li’~’i ion is h.iscd on time core select tou t c imarts of ret ’erence (h). I’Ime initial
selection is for a core that ca im ima udhe time required power at time oper at in g trequenc~ - I’he
ne\t consideration is t’or a core t l m a t has a w iimdow area (WI that cam m lmandk’ time tur uu~
required for tIme specifiet l inductance , The abilit~ of ’ the core to Imandle the imum mtht’r t SI



turns is determined by calculating t h e  winding t~ictor ( W F), T he winding factor varies
between 30’ and (tO , wit h 40 a typical value for nmac lmiime wou imd cores , l’hese
calculat io ims will use a winding (‘actor of approximate ly 5O”~’ as tim e cri terion i’or a satis factory
core window ,

Several cores t h at could h andle time t h roughput power were ch osen before one with a
suita ble window area was found, ‘l’ime following ca lculations are based otm t lm is core. Core
dinmeimsioims are simowim ut  f igure (‘6,

-

~~~~ 

-

Figure (‘0, Magnei ics . lime , core model M(’ 1010.

The mean magnet ic path (I I, core cross section (A), and window area (W) are listed
in table (‘2.

Table (‘2, Mc I 610 core tl imeimsions .

- = 20.32 ciii
= 1.6! cm 2

W = 2704700 circ nmils *

WIRE TURNS N EED ED

The number of ’ turns for time primary and secondary side d e fe rr u in t ’s time voltage
ratio and inductances. I’he f’orintiha used is l’roimm ref ’ereiice (c) .

L~~
,4irpA X l0

= 62 .5  mu

p = 500 (perniall oy 80)

A = 1.01 em 2

~ 2032 cnm

N5 = 3 54 ,3 tun is

‘(‘ire mils = in 2 
X 1273200

3t )

~~. ~~~~~~ - :
“-

~~~~~~~~~~~~~~~~~~~~~~ “~~
‘
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‘ lime calculatioi ms in t h i s  appt’ndi x represent flit’ general desigim calcu lat ioims for a
400—Il, inverter wimich will supply II S-V power to time users listed iii fable 1)1 - It is est i-
immated , table 1)1 , ~imat tIme irmverter will supply a immax imun i of ’ (~76 wat ts  to its load - I F time
inverter is assumed to he 40 - * ef ’Iiement , I (t rIo wat ts  of powel w i l l  he deh iveret i to timt ’
iimve rt en.

I ai k’ 1)1 - 400—Il, mnvt ’i’iei’ Ioj th r’si inm ate ,

(IS F R P()W FR ~~ NS~’~t i  l) (W \ 115 )

Bloss-c i miioiou

B~iid 55% uicu iuioioi

-\ui t e ii um a eoii pit’ anti e sei tr’ i 230

P t ’ hoaid 0’~
1)0 - poss e i t’OIt ii tI ttoai ti (t4

I) \ ~ h - ~ t ’il.iuiients 2(1(1

I ttijl It ‘it

lIme blower motor operates ouR on I I S \ ‘/  1ç 40)0 I Ii - lI me antenna couplet and
exciter operate oim either II S \‘ , ott I hi or h I S  \‘ 4(R) Ii, - l ime hand swi t c h immotor presei mt ly
operates on ~

() Iii and will not operate on 40() II, , so a suitable 4 () () I l i  rep lat ’ei m ment for f lit’
band switc h immoton would ( mast ’ to be iimsf aIled.

‘i’he inverter circ i~il used in t his design (fig 1) 1) is ai m impr ated design oh time 400—Il,
iimverter presently used iii (lie AN UR’ l-23A V ) , o O— l  Ii power supp ly . ‘l ilt’ origiimal 400-Il,
invt ’ntt’r mmt’eded to supp ly only o3 watts  of ’ powt’r to t lit’ blower immotor, html this t i r ’55’ ers ion
svil l supply a tota l of O7O svat ts to time users listed in ta hlt ’ 1)1 , -\ suim mnma ry of ’ specitic al ions
for tIme immv e rte r is con I amnet l iim table 1)2 -

N1, N i ,
S s ___ _,,.

v~~~~~ 

__±

~~~~~~~~~

L vou T

I:iguir~ 1) 1 - 4()().iI~ mn s - r’ i t t ’ i t i i , ’Uui -

• Ibi s us a hssse , I igii ie than is n ou iual it t t iIo~’i l e t s , but i~ is ’ ti lit’ie i t ’  oitiaiiu .i %sou5i -t ’.lse LiL ’sl gii
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3.5

Figure C7. Max iim mu imm wound Ir amms f
’orn icr dinmensioiis.

For time purposes of ’ this estimate , time tramms f ’ormmme r will he assuimm e d to hmave a reetamm-
gular volume of 3 X 4 X 4 inches.

CAPACITOR Cl

Capacitor Cl has a capacit ance of ’ 1. 7 (aF and a de workiimg voltage of 270 V . Ac
ripple current is I .95 A rums. Cornell Duhilier tantalunm f’oil ca pac itor VI R2 LNF is selected.
This capacitor has time characte ristics Iisfed in table ( ‘3 and is configured as in figure C7 .

Table (‘3 . (‘lmaracten istics ot Cornell Dubilier tantalumm i
f’oil capacitor Y2R2LN F.

Capacitance: 2,2 pF
Case si-ic: i~4 (0.400”D, 2.24” ”L)
Max ripple current: 1 .08 A rms
Dc working voltage : 250 ~~~~ (at 125 °C)

II
II
T T

Figure CS . (‘apacitor Cl com mf Iguration.

Time capacifor bank will have an estimated rectangular volume of ’ 2 X 2 X 4 inches.

CAPACITOR C2

(‘apacitor (‘2 has a capacitance of S pF aimd a tic svorking voUage of ’ 500 V tic. Ac
ripple current is 1 .05 A rm s. Cornell Dubilier tantalum foil capacitor Y3 R91.NF is selected.
Capac itor characteristics are listed in table ( ‘4 . ‘lime configuration of the capacitors is
illustrated in figure (‘9,

41



l’able (‘4. Characteristics of ’ Cornell Dubilier tantalum- m m
foil capacitor \‘3R9LNI- .

(‘apacitance -. 3 .~
) pF

Case si/c: F-S (0.4Ots”D. .874 ”I
Ma\ ripple current: I 47 A tins
Dc svorkiimg voltage : 250 V dc (at I 25’ (’)

1111
III’III’T T T T

Figure Ct) - (‘ap-acitor (‘1 contiguram ion.

The capacitor bati k ss’ili imave an estimated rectat igular volume of 3 x 3 s 4 incites .

SUMMARY

)n l~ ca ;t~icm tot’s Cl , ( ‘2 . and the t ranst ’ornmt’r have vol u lilt ’ estim ates con tai ned in
timis appeimdix - Oth er elements of time converter has- c been calculatet l iim appentI ix B anti will
he used here . Time borrowed elements are f ’or a muclm higher-rated co mmvert e r , but tIme
elements are comparab le in site to tlm is lower-power design - Table (‘5 is a summary of
e lemiment diimiensions and volu imies -

‘Iable ( ‘5 , Suimmmarv of estimated rlinmensions of ’ circuit ele imme nts.

CIRCUIT I t  1-M ENTS I)IMENSIONS (iii) VOLUMF (in3)
Bridge rectifier 1 X 2 X 4 8

ho
T~ 3 X 4 X 4  48
0) l X 2 X 2  4
I) I X  3 X 4  12

3 X 3 \ 4
(‘tsniiol circuitry 3 X 3 \ 4

100th IoO

A hypot h etical ar ra ngelmmem mt oh’ time e lememm ts im m table (‘5 imm a~ be litted into a ret-tim-
gular volume of ’ 3 X 4 X I o incimes . This represents a total vo lummmt’ of I 02 iii

42
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APPENDIX D: DESIGN OF A I l5-V/ l~ /400-Hz INVERTER

References: (a) Magnetics , Inc. (‘atalog MCC-lOO
(b) Magnetics , Inc . Catalog MPP-303A
(c) Spacecraft Transformer and Inductor Design, JPL Publication 77-35 ,

by Colonel WT Mc Lyman
(ti ) Model AN/URT -2 3A(V ) Technical Maimual, Operat ion atmd Mainteimance

Inst . NAV E LEX 0967-45b--9010, Naval Electronic System-mis Command
(e) NOSC TR 177 , Power Electronics Teclmmiology Applications for Future

SSBN’s, J Foutz , E Kamm , I June 1978

I ~
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N~ 1.8 5
Np

19 1.5 tunis

WINDING FACIOR (WF )

TIme witmding t~ctor is ti - me percent of ’ time core window occupied by time wot intl
svi re.

Awn N i ,
WF1~~’

3000 cinc mils ( AWG 10 svire )

h’ )2 turns

W = 28o4700 circ umi ls

= 020

A .N .

W

AWS = I SoO circ m m m i ls tAW G 19 wire )

Ns =354

WF s = 0.103

WI : = Wi s + W Fp

= 0.392

VOLUME CALCULAT IONS

‘l’hme volumes of 
~
‘ i’ (‘2. and h it ’ transf’ornier will be ca lculated imere si m mce I ime~

constitute time single largest volumt’ tmsers . Estin iates of t ime volumt’s ni t Ime oIlmen elements
will he based on at mot im er design.

TRANSFORMER

l’he transiornmer coimsists ot ’ time M(’ 1010 core and thit’ wire w iimd mngs . l ime r’s t inmated
immaxi n ium dimensions t hat time transt ’onmmmer would occupy are i l lus t ra ted in f’igrmre

40

_
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Table DI, Summary of 400-Hz inverter specifications.

Input: 200 V /3Ø/60 Hz (270 V di.’ when rectified)

Output : 115 V/ l~ /400 Hi
Power delivered to load: 676 watts
Power delivered to inverter : 1690 watts (40~- efficient inverter)

RECTIFIER DIODES

1690 watts of power will he delivered to the inverter on the 200 V/3~ /o0 Hz line,

Each diode will be rated for at least 8.5 A rms and peak reverse voltage of ’ at least 143 V

Linden normal conditions, A diode that satisfies these specifications is ti -me Westinghouse

IN3893. This diode has the ratings listed in table D3.

Table 03. Westinghouse iN3893 diode ratings,

V RRM : 400~
II:: 12 A

This diode is contained in a 00-4 package that has maximum cy lindrical dimensions of ’

1.25 in ~L) and 0.424 in (0). It is estimated that a set of’ six of these diodes would occupy

a rectanguLar volume of X 3 X 3 inches.

CAPACITOR (C)

The capacitor is specified to be cimarged to 270 V dc . and may drop 54 V ~20” -)

withotmt affecting the operation of time inventer. During the period that the capacitor is dis-

charging. it is supptyimmg approximately o.26 A to time inverter based on 40 - inverter effi-

ciency and a 676-watt load, Figure 02 is LISCt I to determine time time betweei m cimarging t’or

the capacitor.
VOLTS

-

. 

_MS
12 1666

Figure DI. Rectified oO-Hi power to the capacitor.
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1
12 = 8.33 ins + t2

Solving for t ,:

2I6 270 siri~ ,,t 1

t~’ lir f

t’ 00[ I/

t 2  2.40 ins

T~ = 10,79 ins

The tinme period t h at the capacitor is discimarging is ~ T.

~ T = T 2 -T 1

l’ 2 = 10.79 r im S

T 1 4.lOms

= 6.63 nms

The amount of charge lost by time capacitor during ti - mis period is .~Q.
.~Q L ~i

I 6.2o A

= 6.63 ins

For tlmree-phmase rectification, tIme time interval between the start of discharge and
charging of the capacitor is I 3 or 2.2 1 ms

= 1.4 X I0 2 cOLm lonmh

For time specified voltage drop, ~4 V. time capacitor will Imave ti -me value of ’ (‘.
)

46
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‘thus, the capacitor must lowe a alue of 25o ph ” and be ab le to tmaimdle 270 V tic ,
A cammd idatc capacitor tim at will sa ti sf ’~ t imese specif ications is aim arrangeimment, ( fig 03) of ’
LI (‘ornell Out-mitten ts’pv RCS333Oo l’ime specifications of this capacitor are given in
fab le 04.

liii
III ’
III ’T T T T

Figure 1)3. Coutlgurati o~m ot ’ illict capacitor.(
l’ahle 04, (‘-1) type RC53330o capacitor Specificatio ims,

~
‘ ix’w (I I~

’t,’) lOt) \ i.I~
(‘apacitance: 200 ~1:
Case diim met msj ous: I \ I S \ 3 m im c hmes

-
~~ set of II of th ese capacito i~ will occup~ a i’ecl angular solumne of ’ 4 \ 5 \ 5

inch es.

L 

TRANSISTORS

Each transistor will imandle a tmm axi tmm um 2, 5 A ruts anti have a collector—emitter
voltage of ’ at least I 0 \ ‘ . , .

~ transistor t l ma t ma~ haimdle t h ese spet’if ’it’at ions is t im e %~t’sting—house t~ pe I 53-30. l’lmis transistor ’s ratiimgs are listed ti m tab le 1) 5 - lime rectangular s oluimie
that would be occupied by a set of two of ’ timese t raimsisto m’s is I \ I \ 3 i im c lm e~

fable 1)5 - We st iimghmou se I 5$ - $ t )  - i JTm ~is tom ratings.

‘ ci 300 \’

CONTROL CIRCUITRY

(‘ontrol circuitry for time inserter will coimsi~t oh’ rt’s istom-s amid a capacitor , lime
control circuitry will he assigned an arbitrary voli mimme of ’ I \ S \ o inches.

4 ’
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TRANSFORM ER

The primary side of’ the inverter transformer is center tapped for a push-pull circuit
conf iguratiomm (fig DI), TI-me transf ’ormer must he able to pass at least 676 wat ts  at 400 ii,.

TURNS RATIO

Time voltage across time primary turns is 2~0 V dc. 1 15 V ac rim s is required oim time
secondary side, so since time output is a square wave , time rms value equals oime-hait ’ time peak-
to-peak voltage, 230 V I’ P.

— 
V~

Ns ~
‘ s

V~~ 2 70 V

“s = I I 5 V

ND
— = 2.~ 5
Ns

NUMBER 01: TURNS

A form of Faraday ’s law for electroim - iagmm etic induction is:

N =  E X 104
K B  (‘ Ain ~

N = numn her of ’ turns

I-. = rim-ms s-oltage

K = 4 for square wave (4 44 for slime wave )

f = frequency

B1~ flux density in teslas*

A c cross-sectional area in cnm 2

For tIme number of primary turmms:

Ip 2~O V

K = 4

• I r ~ 10~ 
(,~uss

48
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Specif ’ying 
~~

~~ 
= 0.o4 (BSA-I- f’or Permalloy 80 is approximately 0.75)

:. N~ = 229 ,8 tLirns

since

N~Ns =’~’~~

Ns = 97 ,8 turns

WIRE SIZE

The secondary turns will be supplying a maximum of 676 watts at II 5 V ac. This
irmdicates a maximum load current , Is. of 5.8 .-\ . AW G  13 wire is rated at 6.~ A based on
“50 circ mimils per ampere .-~WG 13 wire Imas a wire area (W A ) of ’ 5850 circ mils.

lime primary turns will carr 2.47 A. AWG I 7 wire is rated at 2. 74 A based on
50 circ mils per ampere . The wire area ~W A ) of AW G 1 7 wire is 2420 circ muils.

TRANSFORMER CORE

Time transformer core material used for this calculatiot is permalloy 80, Ihe core
mmmust he able to h andle (-i76 watts. The Magnetics (‘ore M(’O 168 (t ’ig 04) is a suitable core
for t his power level. Time windosv area of t i-me core is S in 2 .

Figure D4. Magnetics MC-0248
core diumeimsions.

4’) 

~il~

~



wINDLN(; FACTOR iWE)

In effect. t here will lie two primary windings of ’ 230 turns each with A\~G 13 wire ,
and one secondary winding of ’ ‘)8 turns with AW G 17 wire , The winding factor wit h t ie
core window (W) and time wine su es is:

\ WA R) + (N s X WA S)

230 tu nis

WA p = 5850 circ nniis -~W( , 13 wire )

Ns = 98 tu rns

WA S = 2420 circ imiils I Aw (; I wire )

W = 8 in = I0155o00 circ nmils *

.‘. WI” = 0.287

Ilmis is a suitable w imi t li img fai.-ton for timis t ransf ’ornmer core .

IRANSFORMER \‘OI.UMI

Wit h windings , the max i im ’mum mm tna nsf ’ormen dim, nsioims are illustrated iii tig Lm re 03.

H

I- igurt’ 1)5 - Fstinmatcd dimensions of transform e r.

SU MMARY

,-\ s t m i imnma r~ of ’ time vo lum es ut time iim s enter clemei mts is contained in table 1)5 -

Cir c nmi ls = in 2 X l27320t)

50



Table D5. Inverter element volume estimates.

ELEMENT VOLUME (in3)
RectifIer 9 (1 X 3 X 3)
Capacitor 100 (4 X 5 X 5)
Transistors 6 ( 1  X 2 X 3)
Control circuitry 30 (1 X 6 X 5)
Transformer 72 (2 X 6 X 6)

Total 2 17

These elements may be placed in a box with rectangular dimensions of 6 X 6 X 8
inches, The volume would be 288 in3,
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