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INTRODUCTION

Thg Servo Phase antrpl System was developed to fulfill the need for
automatically controlling the phase relationship of the accelerating voltages
on the "deés" of the 36-inch cyclotron, Without this system the phases must -
‘be adjusted }aboriously by hand, This is a very slow proéess andrbne_which
requires continual adjustmenﬁ eg., if a probe is inserted. After obtaining
the proper phase, it will detune the circuit ahd altef the phase relation—
ships, This is all compensated forvautomatigally by the servo controlrsystqm.
The phasehangle.generally desired is 120° but other angles within a % 30°
may be”obﬁained and autématically controlled., If a manusl control of phase
angle is desired it also may be obtéined. Metering points are provided |

throughout the system, -
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DESCRIPTION OF SYSTEM |

_;‘Therservg systém cdngists>gfma frequency convefﬁér; a local oscillator,
.an audiorpr?—amplifier, 3 phasa @e;ers, amec, amplifier, 3 servo motbrs and .
3 variable capacitprs. A block diagfam of these components, with their re-
lationship to the final amplifief and the electron‘cyclotron9 ié shown in
Fig. 1. |
~ In general, the function of this system is to control the relative phase
'différences“of'the threevVoltages applied to the cyclotron. This phase dif-
ference must-be control}able to within € 5 electrical degrees, This is ac=-
complished by changing the value of variable capacitors connected across the
plate tank circuit of the output tubes, of each phase of the 3 phase final
‘amplifier.~ The capacitors are varied automatically by the servq,motofs to
which they'are.mechanically coﬁnected° In brief, the manner, in which the
control voltages for th§ servo=motors are ob’c,ai’.ned,1 is as fqllows:

Tﬁe frequency of the final amplifier is first translated to 3KC, as
measurements and design of_equipment to operate.at this freéuency are less
critical; Part of the output of eacﬁ phase of tﬁe‘final amplifier is tapped
‘ fo and.fgd into the frequency converter. The grid.input signal of the final
. amplifier of "A" phase dnly; also is fed inmto the frequency converter, These
§ignals are.mixéd with a.signal for‘the local oseillator, The frequenc& of
this signel is 3 KC less than that from the final amplifier, As will be
shown later, the outputs from fhe converter each has a frequency'of 3 KC aﬁd
haé an amplitude equal to the amplitude of the local oscillator input. These
ampl?tudes must be egual.or‘the phase meters will not function properly. . The

relationships are not affected by the franslation to 3 KC.
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The outputs of the converter are fed into an audic amplifier which

serves as a pre-amplifier for the phése meters, The amplitude of the input
"to the phase metér may be varied-byAvarying the gain of the prewamplifiere'

The signal from the plate of the Ag final amplifier, Ap is compared
with the signals from the Bg final amplifiery Bp, the Cf finsl amplifier,
Gp,dépd from the grid of Af final in the A-B, A-C, and Ag-Ap Phase Meters |
respectively, If the phase difference in any one of these meters is within
4+ 5° of the desired valuéy the two outputs from the phase meter will be
approximately equal. If the>deviation is greatef than t 5°;, the two inputs”
will differ by an amount proportlonal to the angle of deviation,

These two signals are fed into one channel of the Servo Control Ampli-
fier. The difference between these inputs is amplified and is ﬁsed to operate
two felays controlling.the direction of rgtation of the servo motor, When-
ever thé phase deviation exceeds t 50, povwer is supplied to the motor which

turns a variable capacitor correcting the deviation,

THEORY OF FREQUENCY CONVERSION (SUPERPOSITION METHOD)

~ When two alternating voltages of different frequencies are superim-
Vposed, the result is as shown in Fig. 3. The two waves alternately add and
subtract as the highér frequency wave confinupusly advances in>relative phase
because of its greater angular velocity, _The resulting envelope accordingly
goes through'oqe cyéle of amplitude variation in a time interval dorresponding
to the time required for the higher frequency wave to gain a cycle. Thus,

ﬁhe envelope pulsates at a frequency that is the difference between the fre-
quencies of the two alternating waves involved, The equation of the envelope

is:

[z 32 ’ L
7 E-JE:l + E2 + 2E1E2 c:os(wleuz)t Bgq, 1
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Where E_ and Ez'are the amplitudes of the two a=c waves being superimposed, and
u&/z*r'and (UZ/ZfVare‘their respective frequencies. When one wave is much

smaller than the other, 1.e., El:>:>E2, thern Eq. 1 may be simplified to:

E=E, \}H% cos(wlmwz)t] | Eq. 2
Under”these conditions the instantangous gnvelope gpplitude vgries ip
accordance with the gmplitude of the smallér wave E2, Reetification of the
combined wave Vill produce an output which is modulated exactly as is EZ’ but
which has a carrier frequency equaimto-tﬁe-difference between the carrier fre-
quencies of the waves originally combined,* Any frequency modulation possessed
by.Ez likewise  appears as an ideﬂtical frequency modulation of the new carrier
frequency. It is io be noted that even phase relatibnships are maintained, a
" certain phase difference, ff, existing before frgqﬁency conversion still being

present as the same phase shift, @, after the frequeney change.,
FREQUENCY CONVERTER OPERATING PRINCIPLES

As may be seen from schematic €W18/3, each of the inputs is combined
w?th thé %ignal from the local oscillator, The inputs are chosenAso_as'to be
at least ten times the amplitude ofAthe local oscillatof; As shown above
each output will then be equal in gmplitude to the amplitude‘of the local
oscillator signal, and each will haﬁe the same difference frequency of 3 KC.
v'Therefore a;l of the outputs will be equal both in amplitude and’ frequency,

but the phase differences will remain the same as in the finals,

¥ When neither of the two waves belng superimposed is small compared with
the other, so that Eq. 1 applies, then the alternating component of ‘the
rectified output will be exactly proportional to E, only if a square-law.
detector is employed, Linear detection under these conditions does not give
an output porportional to E,. Where Eq. 2 applies, either linear or square
law detection may be employéd, ' :
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FIG. 4 VECTOR REPRESENTATION OF
ADDITION OF TWO WAVES OF
DIFFERENT FREQUENCIES
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The methgdlby which these frequencies are superimposed may be seen from
the basic circult Fig. 5. o o
A The RFC appears as an open circuit to both the &IMC from the finals and
the 60,997MC from themlpcal osgillator° These are by}passed to ground by C-1
and C-3, The 3KC beat frequency, however, will pass the RFC. A voltage to
ground is developed across thé R1-02 circy?t,b
N This is the voltage that ME-1 will measure (ME-2 measures the magnitude
of thevippgt from the local oscillator)o The 3KC signal_then‘passes through
the 120 cycle filter congisting of a parallel "T" network which‘gives a very
narrow elimination band.

Vfl‘is used as a cathode follower to provide a more suitable impedance

for driving the coaxial line.

PHASE METER AUDIO PRE-AMPLIFIER

This unit c?nsists of four ;dentieal cha_r_lnels° Bach Qh&pnelrgontéins
a two-state, R-C coupled amplifier with 98 percent negative feed back., It
has a very good frequency response, being down 1DB at 25 cy and 300KC and
eqnsequently negligible phase shift#at the frequency of oﬁe:gtippo The first
stage uses a 6AU6 while the second uses % of a 12807, The maximum gaiﬁ of

the amplifier is 34.DB.

PHASE METER
Operatingr?ripciples._
) The operating principles of the phase meter may be most easily shown
by the vector diagram in Fig., 6. As the voltage at C should be 120° out of
phase with that at A; let us assume that this is the case, Point B is any

‘point at grouhd potential, Taking the potential of A above B as a reference,
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the voltage BC will be 120? out of phase with a BA, Now BA=BC, as was shown
in the discussion of the frequency converter, | Since R-3 and R-4 are mat cied
resistors; the voltage at point D will be halfway between A and C. Therefore
CP=DA, From trigonometry <7CB= <DAB=30° and DB is therefore equal to %—

BC or BA, (BD/BC = Sin < DCB= Sin 30°= 0,5) If one applies 7} the voltage from
C to grounci to one side of the meter, ME~1, and the vblté.ge from point D to
ground to the other side, the meter should read z.éro if the < CBA is 120?.

If < OBA is more then 120° there will be a positive reading on the meter; if
it is less the reading will be negative, If a differential meter is used,

it will give a direct reading of any deviation in phase from 1200,,

" The manner in which the forégoing is éccomplished may be seen by re-
ferring to the basic pl}ase ‘meter circuit, Fig. 7., Two signals from the audiq
amplifier are applied to phase meter, If phe-phaSe meter‘ is to measure the
angZ_Lé}between Af to B¢ then these twg signgls will originéte at A plate and B
plate. Similarly for Ag to Cf, the signals will originat:e at A plate and C
plate; for A grid to A plate, the signals will originate at A grid and A
plate, The gignéls are applied to PG-1 and 2, and are‘reétified by V=4, 5
and 6, The gain is controlled by ganged helipots R-7, 13 and 32, One half
‘the voltage fro_m point C to ground is tapped off between the equal resistors
R-9 and R-10 and, passing through V-la is appliéd to ME-1, The potential from
point D to group_d is applied, through the gain cgnf,rol, to the opposite side
of ME-1, If the ph_ase is 120° s ME-1 will read zerd and the output voltage to
the servo control amplifier will be zero, If the phase is more than 120° the
output from Teminal 3 .of 'I'S—-l will be less than from Terminal 2 while, if the
phase is less than ‘1200, the output from Terminal 3 will be more -than frp‘m 2o
ME-2 is used to indicate any difference in amplitude between voltage BA and BC.

ME-3 indicates the magnitude of voltage BC,
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FIG. 6 VECTOR RELATIONSHIP FOR 120°
PHASE ANGLE
MU2574
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ANGLES OTHER THAN 120°

m‘H“A_If_aMphasg‘ngle_other than 120° is desired, it may be bbtaineg by
balancing the output to the servo control amplifier with R-39. A variance of

+ 30° or greater may be obtalned 1n thls manner, )

L The angle of variance may be determined by entering the reading of the Z&ER
meter on the graph of AE%;versus 9, Fig. 9, and reading the phase angle © where

© is the variance in degrees from 120°. (See Fig. 8).

SERVO CONTROL AMPLIFIFR - OPERATING PRINCIPLES

The function of the Servo Control Amplifier is to supply a.c. power to '
'thg servo motor such that it will run in a "forward" direction when‘the de~
viatipn from the required phase angle exceeds a +5° and in a "reverse" direc-
tion for a deviation greater than -50,“ Between a +5° and a -5° no a.c. powef
is supplied to the moﬁo?. This is a sfatic copdition, |
The»magnitude of the voltagevdifference betwgeg the two inputs is de-
pendent upon the phasevénglé deviation. The amplitude of the!éo cycle_squaref
wave from the converter, Fig. 10, is equal to this voltage aifference. If the
two inputs are qual, the output from the converter will be a steady d-c value.t*
Consenser C-1 blocks any d-c from the converter and also removes the d-c com-
ponent contained in thehsquare wave, The output of the converter is amplified
By V-1 and V-2a and combined‘with the»60’cycle a.c. voltage from R-3, The
combined voltage is amplified by V-2b and V-3, rectified and applied to the
relay network, o
The-pasi§ relay circult is shown in Fig. 11, Note that a resistor, R;A,
is added in series with RE-2 in the "Auto"“positionmthus reqﬁiring”a'higher

potential at point "A"™ to energize RE~-2 than to energize RE-1. The voltage
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FIG.8: VECTOR DIAGRAM FOR ANGLES GREATER THAN (20°

LT € - DBy g 4. B2
E; !

- 2 ) - I “;'2_ o . '
THEN AE, 5 (1-AE)sin© 45 (60-6)+ ‘74 AE » - Eq. 3

THIS VIIS THE EQUATION USED IN PLOTTING THE GRAPH
OF FIG. 9. AE, vs.0 '

| MU2576



‘ 2 \' MU 1587 -
| ' Fig. 9 | |



-21- | vcRL-1484

60~
: BROWN o '
CONVERTER , . TS-1
e G e Sy
6AUE [ {3reax7 ey 17 To SERVO
METER 1 e . WORK 20GTOR
. R-IZF~ |
x x' 1 !
| X=7 -

e ¥ SN

L O™N0—OM\0 X
'égx = l ; 3 6.3v - .

x! FIG. 10: BASIC SERVO CONTROL
AMPLIFIER - CIRCUIT

MU2577



-22~ . UCRL-1484

L

$eo

—
a}zon | 15V AC,

INPUT

FROM
BRIDGE
RECTIFIER

w
,F 3, TO SERVO
RE MOTOR

NOTES:! v

NETWORK SHOWN IN "MANUAL" POSITION. -

. ALL RELAY CONTACTS SHOWN IN NON-ENERGIZED POSITION.

. FOR AUTOMATIC OPERATION PLACE S-! IN "AUTO". POSITION.

. FOR STATIC CONDITION ,RE -11S ENERGIZED 8 RE-2 1S NOT ENERGIZED.

. FOR FORWARD CONDITION,RE- | IS ENERGIZED & RE-2 IS ENERGIZED. .
. FOR REVERSE CONDITION,RE-I IS NOT ENERGIZED & RE-2 1S NOT ENERGIZED,

O HEON

FIG. tI : SERVO CONTROL AMPLIFIER RELAY NETWORK
’ MU 2578



923 UCRL-148,

at "A"_required to energize RE~1 is approximgtely 40 volts while 60”vglts is
required to energize RE»Z. When RE-1 is epergized'and RE-2 is not energized,
Fig. 11, the relay network is in the static condition and there is no a.c.
power supplied to the servo motor. To allow the motor to run in a forward
direction, both relays must be energized, to run in a reverse direction neither
relay may be energizgd,“_ ) _ ) A

) Similarlyy.PTol will.light up when both relays are energized and IT-2 will
light up when neither reiay is energized. When-oniy one relay is energized
neither light will work,

The foregoing positioﬁs of phe re}ay_contacts fof forward, reverse and

statis conditions hold for "Automatic" as well as "Manual®™ operation.

AUTOMATIC OPERATION (See Fig. 12)

Case 1 More than +5° Deviation

N Thevphase shifting network of’C=2vand R=2 controls the phase Qf“the a.Co
‘input to R-3. R-2 is veried until the a.c. is in phase with the square vave.
. The imphase addition'results in the.magnitgde of the.combined wgvé being inQY
creased, R—B_is adjpsted, With no outpﬁt from XuZa? tp give 50 volts at point
nAT, If the input from V-?a is sufficient to increase the potential of point
ﬁA" tov60 volts then both relays will be epergizgd and the motof‘will run in
a forward direction. The value of R-1 is adjusted so that REéz»will be

o
energized whenever the deviation is greater than plus 5 .

Case 2 More ?hanvaO peviation v )

The condition is identiegl with Caée 1 with the exceptipn thgt_the square
wave is 180° out of phase with the'éoc, voltage of R=3, The magnitude of the
combined wave is decreased aﬁd for any deviation greater than =50 the voltage

at "A" will be less than 40 volts and neither relay will be energized. The
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CONVERTER R-3 COMBINED
OUTPUT - | outPuT VOLTAGE
i ‘ m HIGH AVERAGE VALUE OF VOLTAGE
CASE | ] /N BOTH RELAYS ENERGIZED
0 <120° ' | \_ U MOTOR DIRECTION: FORWARD
CASE 2 -1« . [LoOW AVERAGE VALUE OF VOLTAGE
) VAN V+A NEITHER RELAY ENERGIZED
6 >120 . S MOTOR DIRECTION: REVERSE
- ‘ ‘ AVERAGE VALUE SUFFICIENT TO
CASE 3 O\ [\ ____ | ENEreizE RE-t BUT NOT RE-2
o= 120° A4 \_/ | MOTOR DIRECTION, NONE

(STATIC CONDITION)

FIG. 12: ILLUSTRATING THE EFFECT UPON THE MOTOR OF COMBINING

THE CONVERTER & R-3 OUTPUT VOLTAGES.
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motor will, therefore, run in a reverse direction. If this does not occur at

a5°5 RmB will have to be readjusted,

' Case 3 Within £5° Deviation
If the deviation is not more thén-r5? the amplitude of the square wave .
is not great egough»to either close RE=2 or to openiREml as the case may be.
This is the static condition and no a.c. power will be supplied to the

servo motor,

Manual;Qperatipn

For the' manual operation S-1 disegnnects the amplifier from the relay
network, Also’RfA is removed. The relays operate as previously described to
supply power to thg sgrvb motor,v_In_the static condition powe;uflow§ through
PB-1, to RE-1 to neﬁtral thus énergiéing RE-1., RE-2 wil_I_L not be energized
as PB-2 is not closed. For these conditions there will be no power delivered
to the servo motor. Howevér if phe "FWD" pushbupton, PB~2 is closed both relays
will Be energized ana the motor will run in the forward direction. If the |
"REV" pushbutton, PB-1 is pushed it will open tﬁe circuit, de-energizing both

relays and the motor will run in the reverse direction.

Dynamic Braking

To prevent the:servo motor from overshooting the "dead zone™ (thejtﬁo
deviatioﬁ within’whigh the a@plifier'is in a static eondition), dynamic braking
is applied. It may be seen in Fig, 11 phat,vwhen the Servo Amplifier is in the
static conditiog, R=5 supplied d—cﬂpower to the servo motor via the reverse
leéd. This voltgge-will set up a}field.resisting motion whenever the rotor is
turned, As the amplifier is in the static condition within a #5° deviation,
-the d-c voltage applied to the motor tends to s top the motor within these

limits.
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Step 2

Step 3

Step 4
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PHASE METER ALIGNMENT (See Fig. 7)

QathoggiBies Adjustment

a.
b,

c.

Turn Power on,
Wait 45 seconds to allow filsments to warm up,
Adgust R-35 until 7 volts appears on the cathodes of V-l 2 and 3.

gero Adqustment.

a,
b.
Co
d,
€e

Place S~5 and S-6 in "High" position. =

Press S-1 and adjust R-19 until ME-1l reads zero.
Press 8-2 and adjust R-24 until ME-2 reads zero.
Repeat b and ¢ with S-5 and S-6 in "Low" position.,
Press S-3 and adjust R-28 until ME-=3 reads zero.

When any of these switches are pressed the grids of the respective
tube are grounded. Thereby insuring zero grid signal.

Balancing Circuit to Nullify Effect of V-4, 5 and 6.

For

Turn Power Off

Connect test signal plugs PG5 and 6 to 1nput plugs PG-1 and 2
respectively. .
Put A and AE scalés in high range position.

Turn power on and allow 45 seconds for fllament to warm up. -
Adjust R-30 until AE (ME-2) reads zero, '
Ground PG-6 with S-7 (located at rear of chassis),

Adjust R-11 until AER (ME-1) reads zero.

Turn Power Off. -

B Remgve t§§t751gngl plugs,

Phase Differences Other than 120°

Accomplish sters 1 through 3.

Apply two signals to PG—l and 2 with the des1red amount of
Phase difference.

Push PB-~1 and adjust R-39 until ME-2 reads zero.



Fig.
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Fig.
Fig.
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APPENDIX

SCHEMATICS AND PARTS LISTS

'Ppage Servb Ipterpanel‘Cangction Diagram,

Phgge Servo Control Frequenpy Converter.

Phase Meter Audio Pre—émp}ifier-and Parts List.

-Phase Metgr 30 cps to'él me and Parts List. . '

Servo Phase Control Ampiifier and Parts List.
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