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PROGRAM TRED 2

We have a plan to test the high Q 3-dee model as described
in RF Note 69. 3-surplus transmitters have already been converted
to work for this test. As one of the preparations for this test,
I have reviewed and rearranged the program TRED 2 written last year,
so that we could make an easy comparison: the test results with
the calculated results. _
Some calculated results of TRED 2 had been presented in
RF Note 66, 67 and 68. We summarize here the programming of
TRED 2 and the calculated results. :

SCHEMATIC REPRESENTATION OF 3-DEE SYSTEM AND THE VARIOUS R's,
L's & C's

Fig. 1 shows a single transmitter-to-dee system. The corres-
ponding equivalent schematic diagram is given in Fig. 2. The
transmitter stem and the dee stem are represented by the parallel
LRC circuits. C3 and C4 are the coupler of the transmitter to
transmission line, and the transmission line to dee, repectively,
in order to achieve impedance matching. C2 is the additional
capacitor required to avoid the turn-on problem near 20 MHz,
described in RF Note 67.

Three of these circuits and 3-coupling capacitors of adjacent
dees go into a total 3-dee RF system. The algebraic equations
to get the values of various R's, L's and C's are listed in
Table 1. Cl, R1l, L-C anode coupling, R5, C4, and C5 are from
the previous calculations MSUDS and TRED 3. The transmitter output
coupling L-C is as in the o0ld scheme; we have changed to the
capacitance coupler (see RF Note 66), and deduced the equations
to get the values of C3, L1 in the C~toupling.:

.C6, C26 and C46 are the floating WYE capacitors which are
transformed from the DELTA dee to dee coupling capacitors.

For l-phase operation, no current flows through C6, C26 and
C46 in the balanced 3-dee circuit at resonant frequency. However,
for 3-phase operation, the currents flow through these capacitors
and the phases of these currents are corresponding to each dee
voltage which differ by 120° from each other. Consequently, the
voltage at the floating WYE center is zero. That is, these
capacitors are connected parallel to the corresponding dee
equivalent LRC circuit and it is necessary to compensate the
values of L5, L25 and L45 in order to achieve resonance. The
equation to derive the new value is given in (6) of Table 1.

We can get the table of the values of various R's, L's and
C's as a function of the resonant frequency by using program
30000 in TRED 2.


mccausey
Text Box
214-0075-01-01_00


Il

>

sy
\:
T
R S
o
L% B
)

= ‘- . e WAELSLS =y TTONS 0

o L NOUVINES3NJEx JUWIHIS 7 DI
% ) - QQU : . ) Lt
hoo' = ¥ . @maa _ —_——

Y4074

Q
i
3>
n
"
=
)
)

/i ] g L M
e . o : - F11 el rwﬁ
« Aoy _uweém;mr AV Sov c92- wo e aif Cur g1 S“ﬁ \W|

3% ] ' o P ) . <z i <
:&ﬂ.ﬂv o &8680?0 m: mn_sow sa(]M ™A ¢ Nu.\ 02 "0 mwwﬂﬁo\, mmovmzb. | 4o WA 0T gz gA £5 91 Ek :ﬁ; 16

. o S ” ooow INLLOONENS _ _ o
XN (D420 40 /(220 k299 =9pD| ANREES
(LPo+122+43) /(LD ¥223) =920 SR A
CLPD +220 400D / (29D x20) = ,

L o : ST TV WELSAS = 3TONIS | DI
. é%@ | T o _
Elp TR 2T) 0 7. : : S e S als M
FqAIAGLOL N, 0N THolr_I - L NETRTNCINT
< wu\# , s : S LMOKS

R \V//mmw.jﬂ s oy ¢ _d0LDwdD

=2 TIINOLLIday

O s
\ UDRUID) _ i R : 33ad r‘kﬁ

____q_mi:_f;g_f[f‘,_
: L AR o C 5
\mv - - NOMLYWA0JSNWSL A= ' e NTLS
7

Walsls =4 33a-g F0Hm I 0 - 0 0 o =a
- NOUMINISZHAZA OUWaHOS - T Tl
g4

g Elgleb)
.Sn_.So

A DWGNIHL

1HOHS
bNnams




CALCWLATION THE VALUES OF VARIOUS R’s ,VUs % C’s

@ AMDE RESCNATOR Q. TX QUIPUT  L—C COUPLING COLD SCHEMED SUB Ag@R ]

ANGEE VT G V=, Ri=100x10?
Ig ' —
R C1=Q.65x10'5/72 +1.242 x0Y/Fp + 112.38 Ix|0 ">
N=ViNz=5 =i /(wExcl) , C2=1/(WsxL3), Zi=64

Ref. TREDS , MSUDS, L3=( 5XI02%FZ —2.95x1076x $o+4B 1) X B4x2.54 /(x10'%)

T ® NPDE RESONATOR & TX OUT C COUPLING [suBR A7ed ] _

- Anom ’éa ve RI=100%102 , 04=(445X10/Fa +1.292X 0%/Fp +112.36DX (072
Je . [ — . R W

BAE Ca=4/(Wex B WNIENBE =1 ) _ _ v

o S A=W CE 2310 /CWE W3 Cl-C8 Bp+Ci+CaD
| Ret. RF Note #65 , PROG 3p20p o ' o

" (suB a=0p 1
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. = I| -
=l Ve = 15 /e a '
ANOCE oz bswagx - Ri=0ox03, Ci=@.65x105/F !, 202x10%/Fs t112, 36>><(0 2
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. Re%
L. ® TRANS MIS3ION
RV | £JH>=H¢ =7,724.34
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e s A/ {ws- C_C4+Cs3}/»1 e -
P 61 € - P UL ' o L
' ® COMPEMSATION OF L5 FOR 3-PHASE  CALCULATION

A=W5 {ws e RE-(C51Ce) +RE -3 (CstCed+1} .
B=-1{Ws CaRS+ 2R W3 (CstCedy .,
Ls= B ~-VO 2 J(2:AD .~ XRef PROG 30622

RFE Note %677, PROG 2400 L

D=B2~4a-A-RS . .

C O EALLOMING  SUBROOTINES ARE AVAILABLE TO SPECIFY THE PHASE OF ANOPE &

T CALCULATE VARIOUS VALUES FOR EACH SCHEME.
ANOC= COUPLlT\lG
PHASE , |
L—C (oLdd C C—-C
IN — PHASE SUB 10100 SUB 10205 SUB (P2J
3 - PHASE SUB 10 400 SO D500 208 1DEBD

TABLE 4

TRED 2



CALCULATION TECHNIQUE AND PROGRAMMING

We are using the super position thorem to calculate the 3-dee
system. By transforming DELTA to WYE the dee to dee coupling
capacitors, 3-dee system consists of 3-leg circuit connected
at WYE center. An anode current is put in one leg, and zero
in the other two legs, and the currents and the voltages are
calculated at all points in the circuits. This calculation is
repeated for the two other anodes. The results of all three
calculations are added vectorally to get the resultant values
of various V's, I's and the phases when all 3-anode currents
are put into the whole circuit simultaneously. '

In TRED 2, the subroutine 7000 is used to find an impedance
looking from the Y-center back to the anode. Two impedances
which are given by subroutine 7000, and one leg circuit where the
anode current is going into, are connected at the WYE center.

Now we can calculate various V's, I's and the phases when an
anode current is put into a leg circuit as shown in Fig. 4,
using subroutine 8000. The repetition of this calculation and
the summation vectorally are performed in subroutine 11000.

I have written 6 subroutines to calculate and to combine the
above subroutines, listed in Table 2.

SUBROUTINE _ . DISCREPTION

@D [-DEE SYSTEM CALCULATION  NORMALIZED BY CONSTANT ANOPE CURRENT
10750 1-DEé SYSTEH CALcuLAﬁOM WITH DEE VOLTRGE F?E&ULATOQ- [OOKT
71.07200 | '1;(555 SYSTEM  ANOCE VOLTAGE LIMITER Wlsrv o

12000 R-DEE SYSTEM  CALCULATION QORMAuZED BY CONSTANT ANODE CURQENT.
12100 S~PEE  SYSTEM | CALLULATION WITH PEE \)DLTA&E.PEGULATOR | umt:\f

12200 3~DEE §Y9Ewﬁ ANOOE VOU%&E.lJQWER ST
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After selection of the subroutines listed in Table 1 to
specify the transmitter output coupling and the operating phase,
by combining the subroutines of Table 2, we can easily calculate
V's, I's and the phases at various points of the 3-dee system,
l-dee system, l-phase operation and 3-phase operation.

TRED 2 consists of various kinds of calculation routines
and the required subroutines. The main routines are the
calculation of the mode situation, scanning around the resonance
frequency, the changes in 3-dee voltages and phases with detuning
one of the 3-dees, and with changing an anode current to one
of the 3 dees.

TRED 2 includes some other calculation routines and the
diagnostic routines to make sure of the performance of many sub-
routines.



THE RESULTS OF 3-DEE CALCULATION

Table 3 and 4 are calculated results of the 3 phase normal
mode operation scanning around 15 MHz. These results look like
the same as TRED 3 which was described in RF Note 46, but
these are calculated in the complicated 3-dee system using
TRED 2 and we spent about 25 minutes of CPU execution time to
print out this table. Otherwise, for one-dee system calculation
as in TRED3, the results are printed out within 2 minutes,
using the batch process of the BASIC language program.

The abbreviations in the table which weren't explained
previously are P DEE, P CAP and I AN. P DEE is the absolute
phase related to the phase of the anode current, P CAP is the
phase difference between the voltage across the dee coupling
capacitor, I AN are the anode currents in amperes.

In the program, the anode current is calculated to get the
100K volts at the dee at the resonant frequency F¢, then the
frequency is shifted to the lower limit of the scanning range,
and the data is printed out at each frequency of over w/40
radian phase shift of the dee voltage. The printed values
are those of the circuit for dee #2. Table 4 shows the same
results with the anode voltage limiter at 15KV, to avoid
excessive screen current of the transmitter tube.

In Fig. 5 the curves are the impedance presented to the
tube anode as a function of the frequency when the dee is
multipactoring. We had presented these curves in RF Note 67.
In that Note, we had explained two curves conversely by my
plotting mistake. The highest impedance appears near the
frequency of 3/4 X to correspond with the length of the
transmission line. As we described in that note, to avoid
the turn-on problem the additional capacitor is added to the
anode coupling circuit.
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CALCULATION OF BASIC 3-DEE CONFIGURATION

Fig. 6 is the calculated results of the basic-3~dee
configuration which includes the WYE transformed dee to dee
capacitors without the transmission lines and the transmitter
anode resonators. Three constant currents are fed immediately
to the dees. When 3 phase currents are fed to the dees, the
effects caused by detuning DEE#2 appear as assymetric curves
at DEE#1 and DEE#3, both in phase and amplitude changes.
Otherwise for 1 phase operation, all changes at the 3 dees
have very similar behavior. Fig. 6 (b) shows the changes in
the amplitudes and the phases at the 3 dees, when the source
current to DEE#2 is changing by .8 through 1.2 amps.

Fig. 6 actually shows the important features of 3¢ and
1l¢ operation. For 3¢ operation, detuning one dee results in
a factor of ten change in that dees phase with respect to the
other dees; and while the amplitude change in the detuned
dee follows the universal resonance curve, the other dees
amplitudes change assymetrically but by the same magnitude.
But for l¢ operation, detuning one dee results in equal linear
phase change in all dees, and equal universal resonance change
in all amplitudes.

Changing the source current to one dee hardly causes. a
phase change in that dee, for 3-phase operation but causes
a linear (but opposite slope) change of 20 times as much in
the other dees. This same current change in one dee causes
its amplitude to change linearly, but the other dees change
amplitude by only 1/10 as much.

For in phase operation, changing source current to one
dee changes all amplitudes equally linearly.

Thus, for 3¢ operation, detuning one dee has a criterion for
retuning while the amplitude loops fight, and changing the
source current to one dee also has a clear criterion for
correction while the phase loops fight. Who will win? Well,
the amplitude loop is 1000 times faster than the phase loop,
so it will win and God will be satisfied.

But for l-phase operation, obviously, different criteria
for regulation will have to be used than 3-dee operation.

All changes were calculated for the frequency range of
10 through 30 MHz, and the curves representing the amplitude
or the phase changes have almost the same shapes within this
frequency range. ’

These results agree with the calculated results using
E CAP which was described in RF Note 8 and 9.
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DETUNING DEE #2 AND CHANGING ANODE CURRENT TO DEE#2

Fig. 7,8, and 9 show the changes in the phase and the
amplitude at each dee voltage of the whole 3 dee system that
includes the transmission lines, the transmitter anode
resonators and 3-dees when DEE #2 is detuning from -4/0 to
+4/Q. The changes are remarkable as a function of the operating
frequency. Near 19.26 MHz, the frequency which corresponds to
A/2 of the transmission line, the curves agree with the curves
of the basic 3-dee configuration described in the previous
paragraph, both for 3 phase and l-phase operation as shown in
Fig. 7. '

Fig. 8 shows the curves for 3 phase, near the frequency
corresponding to A/4 and 3/4)A of the transmission lines. At
8 and 28 MHZ, the changes in both phase and amplitude are not

so much. At 10 MHz and 30 MHz, the phase changes at DEE#1l and
DEE#2 have very similar shapes.

Fig. 9 presents the curves for IN PHASE operation near
the 1/4)X and 3/4) frequency. The smallest changes are at
8 and 28 MHz. The phases of all 3 dees are always within * 1°
at any operating frequency.

We calculated the detuning situation of the other scheme
of the anode coupling with an additional capacitor, and got
many curves of similar shapes, but the curves were shifted
to about 2 MHz lower frequency.

Fig. 10 shows the phase and the amplitude changes of
each dee voltage when the anode current for DEE#2 is changing.
Both for 3 phase and 1 phase operation, the curves are almost
the same as the changes of the basic 3 dee configuration
shown in Fig. 6 (b), except near the 1/4\ frequency.

In order to get the information to find which dee is
mistuned for 1 phase operation, we have tried to printout
the voltages, currents, and phase at various points and to
calculate some other situations. An example of those
calculations is shown in Fig. 11. The curve D shows the
changes with the DEE#2 detuning of -4/Q. The curves A show
what occurs when adjusting only DEE#1l, B shows the changes
resulting from adjusting DEE#1 and DEE#2 simultaneously with
detuned DEE#2. (More discussion on RF Note 68)



DETUNING DEE #2 AND CHANGING ANODE CURRENT TO DEE#2

Fig. 7,8, and 9 show the changes in the phase and the
amplitude at each dee voltage of the whole 3 dee system that
includes the transmission lines, the transmitter anode
resonators and 3-dees when DEE #2 is detuning from -4/Q to
+4/Q. The changes are remarkable as a function of the operating
frequency. Near 19.26 MHz, the frequency which corresponds to
A/2 of the transmission line, the curves agree with the curves
of the basic 3~dee configuration described in the previous
paragraph, both for 3 phase and l-phase operation as shown in
Fig. 7.

Fig. 8 shows the curves for 3 phase, near the frequency
corresponding to A/4 and 3/4) of the transmission lines. At
8 and 28 MHZ, the changes in both phase and amplitude are not

so much. At 10 MHz and 30 MHz, the phase changes at DEE#l and
DEE#2 have very similar shapes.

Fig. 9 presents the curves for IN PHASE operation near
the 1/4) and 3/4) frequency. The smallest changes are at
8 and 28 MHz. The phases of all 3 dees are always within # 1
at any operating frequency.

(0]

We calculated the detuning situation of the other scheme
of the anode coupling with an additional capacitor, and got
many curves of similar shapes, but the curves were shifted
to about 2 MHz lower frequency.

Fig. 10 shows the phase and the amplitude changes of
each dee voltage when the anode current for DEE#2 is changing.
Both for 3 phase and 1 phase operation, the curves are almost
the same as the changes of the basic 3 dee configuration
shown in Fig. 6 (b), except near the 1/4X frequency.

In order to get the information to find which dee is
mistuned for 1 phase operation, we have tried to printout
the voltages, currents, and phase at various points and to
calculate some other situations. An example of those
calculations is shown in Fig. 11. The curve D shows the
changes with the DEE#2 detuning of -4/Q. The curves A show
what occurs when adjusting only DEE#1l, B shows the changes
resulting from adjusting DEE#1 and DEE#2 simultaneously with
detuned DEE#2. ' (More discussion on RF Note 68)



46 1523

=
&
w
2
2

LT e e

PRI

HANGE_ wmj DETUNIN& LEE &2 qu

ERERF SEETT A
! SR

Fg i€, 1% 000K, 22007 BHURE
1} 76, 22KH

AN

1?04y

— - | I T = N T e
-5 -JA "Fx L T3 rXd fI3 N EEC ChE CY AL
DETUNING DEE #— ANUDE € COUPL

T

_';_/_-_l‘/a.L Ry CRERE )

MOPHEE (D) (B) AMPLTUDE (3@) - Muwe cooms
DETUNING pDEEHF2. 3-PHASE

F(% 7 DETUNING DEE #2 , Fe=

|6 — 22MH=z

7ot

13, 19

3 -3a -3 0t rFa e

. ﬂ[’u\ J/.J

DETUNING DEE #72

A‘ FHASE CIED | | (BDAMPLI TUDE CKD)

IN PHASE

-25-



B e S [ N T T ] T T s T T )

PUATE . CHANGE wim D"—‘I’UNING- DEE 2. - AMP ITUDE“CHANG-E N)TH DETUNIN& LEE ‘f2 3P
: T | ! debed | g i : ‘ , .
EMER st e L o | ——— | - / -

,nss« : 5 . Clpeed | i S el T e -

., 0 - .

g T . .
DEEZ -t — e E e
E '_ B I E h -20" ! H \ é’ j
9 1
g
0 .
N -
(ﬁ;‘;i;ﬁChE) S ANUS)Eg:_E)UFLE - ‘ B)AMPUTUDE i>/\HCvDL T CLCFE
) /
DETUNING CEE #2  =_pHASE ‘
F.'% T DETUNING DEE #2 , 3 PHRASE

i T

\b"a'mm& DE52J4_3.¢>' :

..

Py TEL

y
9‘: &
l 2]
- <

MHZ

22,

4

.2 .
: - ©
: €
: ¢
.
" ﬁ\
o

+
i

R
AN GRS VA YV TR
AUDE T CouTies

BEN RN f fe ]
(B)AMPLITUCE AROOE —C(E i

(—37 PHASE




~ S S el Sl s R N

] i T ™ ‘ T [ B e R

: ) i : REEN i T T : P
! FHASE CHANGE. WITH | DETUNING _DEE # 2, Licb AMPLITUDE. CHANGE Wit DETUNING DEE #2 - 48]
. | P R I 1 o EELI I . b R [ : .
T

P R P 3

ird ‘ ! — 1

el , :
: 10 MHE

. |
SRR . ! —

K|

Ny20 [ -
+H0 |
—p-

to

AMPLTUDE

46 1523

e e o 7

T

in a1 TO DICCLNTIM TR 10 8 o L

R NAAIRLLEIEY

-~

TV
“tA-Ca -uR g

= e R 7 AR /Y {15 5
(A PHASE (B>AMPLITUDE :
. ' DETUNING DEF #2 IN PHASE

H i'J"
At v -

-

Fig 4 DETUNING DEEZ , INPHASE - -

} :
I N
i 8 L

AMPLITVOE

eim e,

46 1523

o
P S

e
e o t¥a

BPScolEIAL N K

Bl

1ao:

<INonO

D2Enny

AN

M| : R i T T i : Rl :
TFR aa a0 _via »:‘,L;_(-VT“ SR SR I S [ #3437 86 Y ;‘;,Lj'lsu" TR T Ty Wl ias I

(M) PHASE (B>AMPLITUDE.

DETUNING DEE #2. IN PHASE .



;l_%,'eMPLm.‘oEmw@;_ww/ﬂ&mumr
Y STV e s =
~_pbeE1

T

' jAN&l:N'G A

-
a
o
a
g

3|
[N
1
: Q
= M
TS
[
I
%
S .
o8
SR
28 i
b} 0
3
v
X

(A AMPUTUDE CRANGE (IN PHASE) - (B) PHASE CHANGE (IN PH

.

T:\'% (O  CHANG NG PNODE C()RF?ENT TO DEE #2

«
&
o
©
<

cipgpd sl TODE

<

ey

B2A0D

N welys

e

Plddot

_ RS EANSE = ‘ : T :
; . 4 L?-. -4
D AMPuruDE CHAN ca PHASE) CD)QHASE CHAN.:&E (3 PHA‘SE)




S

i

S

R AR C:Cf@Q

a

500 MITEY S V3440
4L O Nt

v oA ers
A MILINILNID G0

€CST 9r



More than 10 possible calculation routines are imbedded
in TRED2 using all the subroutines. In lines 110~990 these
programs are documented and line iOO is to be used to select
which routine to use. The entire listing of TRED2 requires
25 pages of line-printer paper. Anyohe wishing to see the lisitng

may do so by calling for the JOB Number 12325, then File TRED2.
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