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ABSTRACT ‘ LT
A procedure followed in modifying a NIKE-AJAX mount.for use with . o
an optical trackingsystem is preésented in this report. Some aspects of e
the required cleanup-and servicing procedure are covered, dnd'a dis- >
cussion. of'the. complete-control system design ia included., T::a.ckmg
errors, resulting from-the servo-design and mountnonlinearities; are
discussed both in reference to:the design, a8 well as in reference to the
results of actual tésts. An attempt has bean made to.keep the discussion
as general as: possible in order to allow maximum future use of the
information-obtained from this. mod:fica.tmn. o
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Saction ). INTRODUCTICN

For mest tracking applications, either ‘optical..or. otherwise,
a mount.is needed to position-the tracking device. The mouiit is nor -
mally used as a componerit of an automatic tracking system. One such.
application for the NIKE-AJAX mount is the-Optical Frequency Radar
for which the modification and design discuased here:were.performed,

The mount used.for this particular application had «Been out of serv-

ice and in need-of repair for some tirhe before it was chosen to be incor-

porated into a tracker. Several changes were fiecessary tosaliow

tracking accuracies of 1 milliradian or less, In .addition, maintenance

on-the r‘hgchanica‘i parts of the mount was hecessary'to obtain maximu.a
performance, o

For most tracker: applications, the mount would probably be oper-
ated froii a remote location, In ordef to operate the mount from a
remote location, appropriate safety features must-be included in the.
servo.and control system.design.,




Sectlon Il. GENERAL DISCUSSION

It is neceseary to bacome com)pletel.y fa.mﬂiax with. every unit
of a system in order to successfully complete a-désired. modiﬁcation,
To.understand the oparation of old' equipmént: Where little published
material is available, it is often.necessary to test each. unit to detérmine
its traz -fer characteristics, Enough tests must be completed to compare
pregr 't performance. with the desired performance of. componerits of the
avate,

In some instances, the desired perforinance is not known compietely;
0z, aé in thecasé discussed in this feport, ‘the general specification, such
‘a8 maximum required angular rate and maximum tracking accuracy, .is
g1ven, but-th* “ransfer function of the basic moiint is unknown. In such
a situdtion, it.is not known whether. the mount can be compensated to
meet the performance specification. The rathematical model must then
be cbtained before proceeding farther. This, in theory at least; is. sim.
ple. The transfer function of the separate blocks might be found in a
handbook and' the\overall tra,mfer funcuon found by cascadmg the uepa.-
~with the same form as the actuai system,. but the several constants
necesgsary to accomplish a successful design are dszzcult. if not. impos=
sible, to-obtiin from theory and a handbook alone. From a practical
5tandpoint, the approach most often used to obtain a mathematical model.
of a system is the frequency response method. This is done by ingerting
an input.of known frequ.ent:yf and amplitude into the: system to be tested.
The -output amplitude and phase are then compared with the input, and a
Bode plot‘i's\ made., From the Bede plot an.approximate transfer function
is written by knowing Laplace transforms aiid'the slope and phase: hift
contribution.of each typic.al term. One check.as to the accuracy of this
first approximation is to compare its amplitude.and phase plot with those
obtained from thé-actual systém. A further-helpful check is to program
the approximate transfer function on.an:analog computer and to.compare
its step response with the actual system step recponse. If both the fre-
quency response and step response forithe theoretical and actual sys-
tems compare favérably; then a. high degree of confidence may be placed
in the proposed trarisfer function,

fin~ma.ny cases, ‘the first approximate transfer function is-not.close
enough for design. purposes, The analog simulation.may be used to-aid
the deterimination of a more exact transfer function, By varying the
gains and breakpcints of the numerator and-déenominator terms, a
"best-match!’ may be. obtained for the agtual step fesponse,
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The transfer function is then written:for the modified simulation, -
and a new frequency response is plotted for this theoretical fransféx ... .. . .
function, In imost cases, the frequeincy responsse Al agree- 1f the- step-
response:-is- in close agreement. It is not necessarily” tege: that: the- step .
response-will match if the two frequency re3ponses agtree. T ;
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Section 1il. PHYSICAL PROBLEMS.

Small physical probléms often cause trouble with ithe actual
determination: of thé frequéncy resposise. One guch problem to be con-

sidered is the deterrnination of the open.loop transfer function. In many

cases, the open loop transfer furiction has one or more free poles at the
origin. If two-or more free poles:are préesent.at the origin, the fre-
quency response data should be taken for the closed lgop system and
converted, by uss of a Nicholls chart or other suzfable neans, to open
loop forim, Inaccuracies are a.lwa.ys introduced when such coaversions
ar¥e made but, in many cagés, this is the.only means of obtaining open
loop data. Whenever possible, it is:better to measure open lopp data
directly, “

Some of the unexpected pkoblems which were -encountered o the
actial mount, before satisfaitory frequency response data could be
obtained, involved meodification and checkout of the mechanical, as well
as the electrical,components. A brief.discussion of somé:of thesé prob-
léms is contained in the Appendix.
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Section V. SYSTEMTRANSEERFUMCTION . -

After the system had been placed in gopd operaﬁng condition,
the-data for the preliminary frequency response .of each wnit.of the
system. were taken. ) - f«“ v

o on

Figure ] shows the amplitude response for- the angle modulator alone.
The:amplitude response for the preamglifier is shown in F:tgure 2.
although the-open loop i not used for the preamplifiér and power
amplifier, ' T

Linéarity checks were also made on the major components of the .
control loop. Output versus input plots-weré made for the angle amodu-~
lator and préamplifier. F1gures 3 and 4 show the linearity plots :fox ithe
angle moduiator and’ preamphfzer, Fespectively. The information from
theae figures was used to ensure the lineas. operatmn:of each compopent

With the system operating’ lmearly and as near peak yierformance
as possible, amplitude and phase. measurements for the Bodé plot were
taken for both the azimuth and elevation axes. Data for the azirauthaxis
Bode plot dre plotted in: Figure 5, and similar data for the elevation.axis
arewghowt.in Figuré 6, From these plots appromma.te transfer. funictmns
were chosén, These are given as: "

1) ‘First-guess-azimuth axis transfer runction

D e e 0707 - T
(8 S(s+i>(s +1) S

20-

2) First guess elevation axis transfér function

G( - .- 0,32
S S
‘ (8 4 l)('ga -+ 1)

In order t6 check the. -approximate tra.nsfer functions, theoretzcal Bode

plots were maie for the chosen transfer functions. Although tlhiése plots
weare not identical, the differences indicated that.a "good. miatch" wasg
found -with the first guess transfer functions. As dz,scussed earlier, a
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comparison of the-chosen transfer function step response-with the mount
step résponse is necéssaiy before the-chosen transfer function can be:
accepted as being accurate efouigh for design purposes.

To-compare the two step response plots, the approximate transfer
function was programméd on an nalog .computer. The step response
of the sy&tem simulated on the analog computer was then compared with
the mount step response plotted directly from the mount. The first
guess transfer functions erred more thanis desirable for a good design,
even though the Bode plot indicated a ""good match." Using the simula-~
*tion of the approximate systern; a better match was obtained by varying
the transfer function constants until the step response 6f the simulated
system rnost nearly matched the ac‘ual mount step response. The new
constants wetre then read from the computer and inserted into the approx-
imate transfer function, and another Bode plot was made. This new:
Bode plot was found to agree closely-with the actual inount Bode plot.
The compared step response curves for the new matched transfer func-
tion are shown in Fig‘tirns 7-and ‘8. Bode plots of the two-are shown.in
Figures 9 and 10, By uéing both the Bode plot and the step response,

a "good match" was obfained, The-new transfer funhctions are given ast

1) Azimuth axis: transfer function

TSR s ii(;z ) "

2) Elevation axis transfer function

Gisy = S (f_gq;z;‘z& “)

10 80

12
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oy Section V. COMPENSATION DESIGN, ) \ :
et ’

¥4 .
?‘% Using the transfer functions leriveéd above, frequency response

?2‘ ) techniques were used to design the needed compensation. In ozdeév to

gv ‘ carry out the design propeérly, the following general performance specx-

f i fications were assumed:

e

3r ;

L] . . o ‘

ot 1) Phase Margin 49 to-60 degrees

i 2) Bandwidth 3'té 8 radians/sec

N 3) Maximumep(Servo Design Parameter) 1.5

1 The dynamiec trackifig error to a unit accelération-input was.not to

¢ ‘

y

exceed | milliradian. The maximum angular tracking rate was tobe %
more-than 10 degrees/sec, The last spécification.is contiined isithe
bandwidth specification, but the relationship-between the two specifica..
tions is vague in some cases. While maintaiiiing an a.ngula.x rate of 10
degrees/sec minimum, the bandwidth specificatioi.must be kept-in mind,

The bandwidth will probably limit the maximum angular rate to a value
below 20 degrees/sec.

1

W

oy

JO T« G it
Pt ST
i

These specifications are helpful dufing the design stage, but the
maximum erior specification is the most important from a practical
standpoint, sinc= the tracking error -of the mount will determine the 55iit
accuracy of the tracking system. Therefore, when testitg the- ‘compen-
sated system to determine if it w111 meet the- specﬁlcatxons, it is only
necessary to test the system using & worse case infput. and measuring the

error, For other applicaticsis this might hot be true, but for the need
here, ‘it is sufficient,

e T T

s

In addition to specxﬁcatz.ons, other cons:.deratmns were noted béfore
{ the final design was started, Tries were made of several typés oi-com=

pensation before the design discussed here was selected as the most
desi:rable.

It was decided that active compensation would be used. With active
compernisation, the-operational amplifier limitaticns must bé considered,
On some conventional lead or lag compensation usging operation amipli-
fiers, capacitive loading becomes a seiious problem. A capacitor con-
nectsd either from the output to ground or from the input to the sumring
junction on an.operation amplifier will have a low impedance at some
. frequency. When a frequency is reached whére:-the impedance is low

\
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s enough to cause excessive curtent to be drawn from an.ampiifier, s
8 oscillations will usually cccuf which saturate all amplifiers conneg¢ted - S0 L
N with theé one which is overloaded. . . ;
Compenaatmn, using a technique desctibed: in ‘several handbooka, C
aids in eliminating this problem. The loading problem is avoided b)f .

designing the compensation networks: with a resistor; in sevies: wwith al¥
capacitérs. Figure 11 shows the general diagram and general equations
for such a compensation network, The compensation was desighed using
straight line Bode plote. Parameters, necessary to.compensate:the-
system to meet the specifications, were inserted on the plota, The, com=
pensation network constants were read from. the straight.line plots after
the theoretical compensated system was checked to ensure that the
specifications had béen met. The actual design involved.a rough guess.
design, plus a trial and efror final design-to-find a "best set! of network

constants. . A
Ry v Z

ORI A AR T T A T B AV

e

i

| N .
" i
A
) 3
4
ein 1 +"'-r"z'"s" 1+7,8 :
& Ry . o o

K--f{-; ’ TX-R4 Cz s T = (R.3+R4) CZ

T3 = (Rl‘*'Ré) Ci.» T4=R,Cy

Figure 11, General Form of Coxapensation Network
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The system design was carried out using the error which was:based-

on a unit accelération input, becausc this input simulated the actual ixpus
as closely as was.practical using standard inputs. Assuming thatthe
mount position potentiometers are linear, and that the- effect of the load
on the-potentiometer is negligible, the lsmilliradian maximum tracking
error may be related to tife error coefficients of the system, as dig> . -
cusseéd in the following paragraphs, v ‘
If a potentiometsr supply voltage of +10 volts dc is-aseumed; thon
for 360-degrees of angular travel, the degrees of voite: ratio would be 18.
degrees/volt. Thig is approximately 0.3 mﬁhradia,nlmﬂlxvolt. In this
particular case, a 2=millivolt (approximately ‘0, G;mﬂllradxaniymagimm
error wasg chosen for simplicity. To-achieve thig tracking error for.a

unit acceleration: input, a zero error for a-unit velecity input izinsededs -

Othéerwise, the loop gain requirement would be high enough to make com«
pensation nearly impossgible. The basic, uncompensated, ays*emnhaa
only one pole at the origin, To desigh.a system with ze£o ertior to 4
unit velocity input, two poles at the crigin are necessary. Therefore,

an integrator imust be added to.the eontrol loop-befors-ths designis cons
titued, With the integrator added, % finite error-will exist for a unit
acceleration input, This finite error is related to the accelera.txon
coefficiént by:

:1 N . ‘\ R " ..
'I-{-i = 0,002 volt (for this case) if the -systern:has- unity foedback:

Fox 'f;}ie-partiéular case under consideration here, ﬂ;e’v ‘acceleration
coefficient (Ka) was found fo be 500 for a.maximum tracking error of
‘0.6 milliradian,

The actual desigh for the azimuth axis gave a convement wvalue. for
the acceleration coefficient of Ka = 440, For this value-of Ka, the-theo=
retical maximum tracking error is 0, 0023 volt., When this is converted
to an equwalent angle, the ma.ximum error is 0; 7' milliradian.

The predicted «pe,rféw;mat;ce for the~comp,ensa,ted azirnuth axis is
given by the following values:.

1). Phase Margin - JSO«l&egre:es

~

2) Bandwidth - 4,5 radiahs7sec |
3) Mp. - 14
| o [
o B
) o F z ) H : - —:m

&

N
N
%
o4
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c%- The azimuth axis compensation network transfer fuq;ct_ign is;"
b . -
§ ' 660( S_, I)L(S + 1)(3 + 1) h ’ o
3 *':] G " obwl ~ 10 1 N . > <
1 ) \1 ) \
2 S(O 01+1)(44+1)(100+1 o
¢ Corpensation of the elevation axis was found to be rélativelvy, gim§i¢
since the same compensation network gave the desired results with only

an addition o{166¢ 'gain, The predicted performance for the compensated
elevation axis ig given by the following values:

1) Phase Margin 65 degrees
2) Bandwidth 6 radians/sec
3} Mp 1.2

The transfer function for the elevation’axis compensation.nétwork is:
¥

1540(-—-«-“ (s, )( +1)
G

(s) = (s s . \is.
S\oto1 t 1) (zz* ’)(m + 1)

Transfer functions for the«cbmpl\ete compensated -system are as follagws:

1) Aszimuth.axis

440( S+ 1) ’ (§- + 1)(§- + 1) 5

Gy = 0.1 10 ,
LT s NS (s )"'(“s )(s
] et
8(39+)(22“)001“ 4z ¥ Yijee * #1)

2) Elevation axis

40 (5?——+1) (§-+1)(§-+L)
. o Aio 1
,(S[-’ S

o T Ve T+ T 9

A block diagram for the complgte compensated System is shown in
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Ssction V1. CONTROL.CIRCUIT OPERATION. o

to

This disc)(’es'i‘on inclades a description of the actual control cire -

cuits and their operation. The control circuits include the compensation
circuit, as well as ciréuits for mode control, safety, and power.

The primary power for the ¥eélay control circuits: is 28 volts dc.
Other external power required.includes 12 volts rms, 400 cps). 15

volts ac, 60 cps. All other power is obtdined from. gelf-contained ‘power,
supplies,

In Figuré 13 the mode control logic, along with parts bf the safety
circuitry,is shown., When power is appiied to the relay logic circuits,
all relay coils, except K5; are left.in the thede-energized state until
the.mode push button is pressed. By connecting power directly through
contact K3/3 to the coil of K5, the system-will always be in the.msnual
mode whén power is first applied or, anytime, when K3 is. deenergized.
Relay K3 is, energized only whei the system is in the automa.hc mode.

The notation 2K0 means that two K0 relays are: used, to provzde the
necgssary number of contacts. Toplice the systétn in the automatic
mode, the push button control, either local or remote, is- pushed. The.
push button enefgires relay KO.. Contacts on K0 activate.the coils of
K7, KA, and K3. Power algg im connected to:the automatxc hght on: the
remote panel. Relays K7, KA, and K3, asg well as the automatic light,
are-locked in thrcugn K3/ aid K5/T. ‘The logic circuitry is now in the
automatic mode; When the push button is réleased, the system remains
in the au%omatxc ‘mode, but relay K4 is energized through K0/3, K3/2
and K5/2. Relay K4 is locked in through. contacts K4/2, andK6/2. To
return-to the manuidl mode, the pusk batton is again pushed. Tontact
Ko0/2 energazes relays K5 through K4/3, Relay K5 along with the manual
light is locked on through K3/3 which was closed when K5 was energlzed.
When K5 picked ap, it also deenergized the automatic light and the coils
of KA and K7. As the button is released again, K6 is energized through
K0/2, KUL/2 and K5/3. Relay K6 Iocks in through K6/ and K3/1.
Energizing K6 releases K4, and the. system is ready to start another
cycle; Relays K7, KA, and K3 axe the automatic track relays. Relay
K5 is the manual track relay, Contacts from K7, K4, and K3 are used
to shift the tracking circuits from the manual mode to the automatic
mode and back to-the manual mode,

In Figure 14 the cohtrol citcuit for the elevation axis is shown. In
the manual mode, K7/3 into amplifier one is clogsed. This connects the
stick elevation output through the elevation gain potentiometer to the
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integrator circuit around amplifier one. The position \si‘ggxal‘ from the .
stick is converted to a rate signal by the integration, Contacts KA/2
and KC/3 connect the rate signal to the input of.amplifier two. The-out-
put of amplifier two is used to drive the elevation axis of the mount. ‘A
pc.cntiometer pickoff furaishes mount position information to ampliﬁer
two through KA/3, When the system is switched to the automatic mode,
the stick is disconnected from the integrator. and connected to ground by
K7/3. The integrator is switched to accept an initial. condxﬁon by K7/4..
This operation allows the mount posxtxon to be stored at the output of the
integrator whenever the system is in either the automatic or the cage
mode. By storing this information, a smooth switch may be made back
to the manual mode at anytime, Contact KA/2 connects the tracker out-
put.in-place of the integrator output, and KA/3 disconnects the;potenti~
ometer from amplifier two and ties it through a 10K resistor to giound;

The azimuth axis operation is the same,; except for the slow return
network, consisting of KC/4 and the TI-622 diodes. This network will
be-discussed as part of the caging circuit.

Relay KAU is 2 sensitive relay to be operated by the digital lcgic
circuitry. When the digital logic détermines that conditions have been
met for a successful automatic track, relay KAU is turned on for about
200 milliseconds .and then off. Contact KAU/1 closes the push button
circuit through KM/1, and the system is placed in the automatic mode.
When the Aigital logic determines that corditions are.no.longer favorable
for the automatic track, relay KM is turned on for about 200 millisec~
onds and then off. This closes KM/2 while opening KM/1.. With KAU/%
and:KM/2 closed, KUL is picked up, and K5 is .energized through K4/3..
Thus, the system is placed in the manual mode in a 'sequence similar
to push button operation. '

To manually cage the mount, the manual cage switch is operated,
energizing relays KC, KB, and K7. The azimuth control circuit is shown
in Figure 15. With relays KC, KB, KUL, and K7 picked up, the azimuth
integrator is switched to accept an initial condition from the mount azi-
muth position potentiometer,as described earlier. Contact KB/l dis-
connects the normal input from amplifier four. At the same time, KB/2
connects a preset cage voltage to amplifier four input: The mount pro-
ceeds to null out to the preset cage position. Once the desired cage
position is reached, the system may be switched back to manual opera-
tion. A signal is applied to KUL whenever the system is caged; there~
fore, when the caging vperation is complete, the system will always be
in the manual mode. Manual caging occurs in the same sequence for
both axes, except for the operation of the slow return network, men=-
tioned earlier. Due to the high mass and large angle of travel of the

25




“

.‘fliv.a-tloth-tl(l:lll - e an A e = e

o0 o e 0 0 50 kB 0 e o 1 0 00

w

. a i

 §noaip 1oajuod SIXY ynwarzy Gl eanfig

\xm'l.lhul;nl.L.-l.llt.l.llJl.llwfl llllllll

t
N -
1
. - = £, —
) Non3d T . . ) . T e 1. .._r
‘ AL T e s
. v
g CIT] -
: !
, T T dg)
H !
B ~ Wil

\S
P e Suete

pi g T
e T e R Tt et i
R “
B ” 13
“ .:§‘ /!N. SAPN )
N N SuY 2y h
1 — .
1 4 ~
_..n»m_.m-....!.lr-u.::...!..,.-n-
s,k

-

Locivmend

pormeepeee

[ U PR S SR A

. e voiomimy e o




|
iy

e A .
o« 4 0 . v
. )
u- X
e BRI S e A A I N K, TPty ¥

5

i et gy o

o wﬁum s,
5

gt SN Yot K
% l(fr*fl-"'kw”ﬂ',‘“”) -

ARty P

.

& %
e irge xS

e e A O v

W

B e e L

R

ey R P ity et o S e

i
4

aziruth axis, it is undesirable to aliow this axis to cage at a high angu-
lar rate. To prévent this high rate, the TI-622-dicdes are connected
back-t. -back acrogs amplifier four, whengver the system is caging,

Two sets of microswitches are used to activate the safety circuits..
As shown in Figure 13, the first set of switches connects 28 volts dc to
the limit override switch on the remote panel. If either of the first set.
of microswitches is closed whil2 thé limit override switch is. closed,
relays KT, KC, KB, KUL, and K7, along with the limit light, aré ener-
gized. Then,the system starts an automatic cage sequence and continues
the sequence until KT timeés ocut, At this time, KT picks up relay KQ,
and the system automatically retusns to. the mianual mode. It is not
necessary for the microswitches to remain closed throughout the
sequence, since the cage system.is locked.in through KQ/1 and KC/1,
When the sequence is completed and KQ/1, and K3/4 are closed, the
ready light will appear, indicating that the system is now finished caging.
It is in thé manual mode, .and KQ-is again deenérgized.

A second set of microswitches is- shown in Figure 15. If‘the micios
switches are all closed, the mount :eset button may be pressed to pick
up relay KE through the mount stop switch, When the muunt resét button
is released, relay KE.will femain-energized-through KE/2 if‘thé rhount
28 volts dc is on. With KE energized, the dc power switch may be
closed to place the mount in.a ready condition. Both-the mount réady
light on the remote panel and the de power light on the mount indicate
the ready condition when .all: necessary operations have been performed..
When any part of this circuit faiis, the dc power is removed from the
mount while the excitation.and the high performance amplifier areleft eners
gized, The excitation and the power amplifier provide breaking action whén
the dc power is removed. An emergency stop is provided for manual
operation on the remote panel by the mount stop switch, Relay KN
applies a cage signal whenever this stop circuit indicates trouble.

A diagram of the compensation network for both axes is shown in
Figure 16. As noted earlier, the same network was used for the eleva-
tion axis, -except thatthe gain was increased to the value shown in the
compengated systam transfer function, included in .Section V.

Zener diodes ‘weére usad on all operational amplifiers to prevent
amplifier overload. Any of several types may be used, provided that
the oneg chosen limit the voltage to 8 to 10 volts, Although these diodes
are not shown on the diagrams included in this report, they were
installed back-to-back across the feedback network of the eperaﬁqnal
amplifiers. . ‘
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Soetton VAL SYSTEMTESTS SRR

The compensated system wag tested, using the setup. ahown ine -
Fjgure 17, A worse case fly~by was provxded 'by the.cover follower as.
an input. One akis was tested ata time. Figure 18. shows the angular
velocity plot and the error in angular position as a functién of tima,
resulting from a sirmulated worsc-case fly-by for the azimuth axis. A
simulated angular pesition fly-by was used on the elevation axis. The
angrlar-position and the resultant-angular position er.or as:a funcﬁmz
of time are shown in Figure 19. A brief test was conducted 6 determine
the effect of dither on the tracking error of both axes, The dithex sigial
was put into the system as an input to amplifiers nine and eighteen, ag -

shown in Figure 17,

Another test was conducted to establish the maxizhum gain that could
be used without designing new compensation netwourks. This test.included
changing the setting on potentiometers three and five (Figure 17)
tracking error was checked for increased gains, and a discussion of'the
results is contained in Secticn VIII,
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<N ;x Section VIll. RESULTS AND CONCLUSIONS

V- B ,

i ‘

= I The NIKE~AJAX mount can be modified to track to less than

@] %M lemilliradian error,using an input such as the fiy-by. If the mount is

%‘é{ :: i not in excellent operating condition, valuable time can be wasted in try.-

55 T % ing to obtain a mathematical model of the system. Figure 18 showsgthat

a maximum tracking error of 0,9 of a milliradian can be: expected for

the azimuth axis, Figure 19 indicates that the elevation axis' maximum
tracking error is similar to the azimuth axis' error, ‘

LI

i v;‘~ f‘ﬁfe

Dither did not improve the performance noticeably for either axis,

If smaller tracking errors were required, then dither might become
necessary.

T - et s e

STt SRR R TN P ;
]
, [P0 N 2 > PN T REC L s ooz £
NSIVSUUNINSIIIPRRIP SIS SRR T el S b S AR

An increase in the loop gain does increase the tracking accuracy.
However, the system has a high frequency oscillation which occurs when
the loop gain is increased much above 500, This is probably due to a
resonant peak which is normally well below the 0-decibel line but,

as the loop gain is increased, the peak rises and, at some value of gain,
actually goes above the 0-decibel line,

If time is available in the future, further testing could be conducted |
to determine the actual system specification. However, the system per-
forms well enough with the present compensation to produce the required

accuracies for the present program, and no further tests are necessary
at this time.

The compensation design discussed here was for the mount alone,
If other system dynamics are introduced by an automatic tracking loop,
then this design will not yield the same results. For such cases, a new
compensation network design would probably be required.
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Appendix
MOUNT ?R;EB’ARAT&@N

If the mount must travel through an.angle of approximately 360
degrees, the various gearésl poteﬂtiometer outputs are of littie value,
These gears were found to have backiash which also made their use
undesirable, Direct coupled potentiometers were used to help minimize

the system nonlinearities. The old synchros were not needed, and so
they were removed.

One point werth further discusaion concerning the direct c‘quple&
potentiometer involves the azimuth mechanical degign, Ifa potentiom-
eter is connected to the bettom of the shprh(ng cyiinder, Wwithout first
checking the cylinder mechanical mounting, :several degzrees of backlash
may result. The cylinder was required to:follow the mount in the origi-
nal NIKE-AJAX system, but only roighly. A potentiometer may be
mounted directly to thé elevation axis without backlash problemis. How-
ever, the elevation axis was stiff on the mount used for this program
because of plastic bearings used on this axis, It was necessary td add
an adjustable voltage of 400 cps (of proper phase) to the preamplifier
input to obtain a proper balance. To reduce the noise in the mount
electronics, all unused inputs to the angle modulator were removed.

It is important that the large,resistor capacitor time constants of
the angle modulator input networks are checked, to determine if the long
time constants will interfere with the desired handwidth specification,

In the particular case discussed here, all of the capacitors were removed,

and a smaller value capacitor was inserted in order to reduce the noise
content of the output,

To prevent operation of the preamplifiers in their nonlinear region,

potentiometers were installed between the avngle modulator output and
the preamplifier input.

Jacks were installed on the angle modulator and preamplifier chassis
to allow observation of signals necessary for proper system adjustment,

The filament circuits were wired for two voltages on units which

otherwige were interchangeable. These were rewired for the same volt.
age for both channels,

The selenium rectifiers used in the 28 volts dec power supply mal-
functioned and were replaced by silicon diodes.

35
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Many of the relay circuits were intermittent. Thé 30-szecond timer

in the relay control circuit had a bad microewifch, These problems
were corrected,

It was necessary to completely clean and to lubricate the azimuth
axis' track and rollers. The elevation axis' plastic bearings were
cleaned and lubricated,

Care must be exercised at all times not to overdrivz any part of the
system. With all of the nonlinear problems minimized, the practical
systermn will still contain enough nonlinear properties so that careful
design must be maintained.
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