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MICROCOMPUTER-BASED PELLET TRAJECTORY CUIDANCE STSTD \
*
FOR THE BASEBALL II-T EXPERIMENT

W, K. Morteasen

Laxrence Livermore Laboratory, Cniversity of Catiformia
tivermore, Califormia 94550

Sumssary

In the Baseball II-T experiment a pellet genmera-
tion and injection srstem was emploved to place frc. =
zmacniz pellets at the focus of a laser beam. The . Iz~
inal trajectors guidance svsten saffered a nuzber of
orobiens that limited its accuracs and cosplicated the
operation of the system. These problems were related
to variable charge-to-mass Tratios, tiwing, pellet dis-
crimination, and computer speed. The criginal svsrem
design was irproved Ly changes to the sensing compo—
nents. wicrocarputer, and trajectorv guidance svstem.

Tntrodection
. N s 13
The purpose of the pellet injection sssten
in the 3aseball II-T experiment was te form a pellet of
frozen anhydrous ammomia ("a3)' zoproximarelr 150 1= in

diameter, and inject it on 2 horizontal path %o the
focal point of a 300~) CO, laser beam. The target area

through vhich the center of peller was required to pass
was approximatels 100 im in di%aerer. The nature of
the pellet generator required thatr the liquid aemonia
droplet pass through an orifice from 2 low to a high
vacuum s¥stem, vhere the droplet became f{rozen (see

Fig. 1). Air turbuleace at the orifice introduced a
random perturbation to the celocity and trajectory of
the pellets. To guide the pellets into the rarget area
at an acceptahble success rate, a svstex of charge—
seasitive amplifiers, peak-holdiug circui zné analog
and digiral arithmetic circuits vas used to: sense the
pellet’s position, trajectory, and charge-to-nass ratios
compcte the correction required; and generate the appro-
priate voltages on the deflection plates to guide the
pellet into the laser focal area. The heart of the
guidance system was a microcomputer. This cotputer
collected the parameters and solved the appropriate
equations for the x and v correction volrtages. As a
result of a number of deficiencies in the originzl
syster, improvements were made in the microcorputer,
<ensing componments, and guidance svstem.

The original svster was able to guide the pellets
i ~ a target area only zpproximatels 1 == in diameter.
4 ber of problers were identified that either limited
th accuracy or complicated the operation of the svstem.
Trese problers were related to varishle charge-to—mass
ratio of the pellets, ticming in the pellet-position—
sensing circaits, pellets discriminaticz. and comuter
speed.
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The Iorroved Svsten

Correction for Variations in
Charge-to—Mass Ratio

The pellet charge-to-mass ratio varied with tiome
and even varied from pellet to pellet. It had bheen
assumed thzt the charge-to-mass ratio woald ramain con

stant (approximately 10"" c/kg). It was decided to
weasure and account for the charge-to—mass ratio for
each pellet guided.

Two position detectors are sufficient to determine
the velocity and locatiom of a pellet trajectorr. The
addition of a third position detecter and lifting platcs
to change the trajectory were required to determine tire
charge-to—mass ratio. The placement of the comporents
is shown in Fig. 1.

Solution of Timing Problems in the
Analog Arittmetic Circuits

Two timirg problems existed with the analog arith-
metic circuits in the original system. First, the peak
signals from the four zlectredes in a given detector
did not arrive in coincidence at the sum and difference
amplifiers (see Fig. 2). This resulted in errors in
the amalog position information. Second. the sample-
and-hold circuits for the analog-to-digital comwversion
were triggered bv the signal from the sum amplifier.
Since the duration, as well as the aaplitude, of this
signal was dependent uwpon the pellet charge, the time
between the trigger threshold and the peak valwe of the
pellet—position pulse also varied in an wupredictable
mammer. These timing problems seriously affected the
reliability of the position information to the computer.
Both timing problems were corrected by the incorpora-
tion of peak-holding amplifiers that tracked and held

the peak values of the signzls fromo the detector elec—
trodes (Fig. 2). The peak-helding arplifiers elininated
the requirement for samle—a2rd-hold circuits. They also
produced a status signal usefal in the rizing and logic
circuits described below.

Timing and Logic Circeits to Izorave

Pellet Discriminaticn

The svstem was capzbie of controlling about 12 pel-
lets per second. This was less than 17 of the pellets
that entered the svstem throogh the vacmm orifice.

The original svsten lacked controls that could adeguately
prevent the computer fram collecting pesition data

on a2 different pellet at the second detector. This re—
sulted in frequent peaningless correcticns te the pellet
trajectories.

Timing znd control logic and a cultiple-trace oscil-
loscope (see Fig. 3) incorporated on the second system
cade it possible for the operator to adjusr time delays
and time windows to select and track a given pellet
through the s¥stex. This largely elininated the problem
of confusion of pellets that had existed onm the earlier
svsten.

The peak-iwlding amplificrs on the naw systen pro-
vided twe features that proved useful in solving the
problen of peller discriminaticn. (1) The status out-
put frop the amplifier was "true”™ vhen tracking and
"false" when holding: this signal went false at the in-
stant the pellet passed the plane of the el.ctrodes in
the position detector. (2) The peak-holding arplifier
had an adjustable thresheld: this threshold was set
such that pellets teoe far oif ceater would not be
sensad.

Status signals from the peak-holding amplifiers
were used by the tirming and control logic to deteraine
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Fig. 3. Pellet-trajectory contrel svsten.

either that the position information was readv, cr tha

the selected pellet had not passed through the center

of the position detector during the alletted time window.
In the former case, the computer collected the position

data. In the latter case, the computer abandoned that

pellet and looked for another pellet at the first posi-

tion detector.

Larger and More Powerful Micreocompiter

The original computer barelv had time to compute
the correction voltages before the pellet reached the
deflection plates. A faster corputer was reguired »
perforn the additicnal required corputations to take
into account the charge-to-mass ratio.

The new guidance system was designed around an
LSI-11 nicrocomputer, complete with an externded arith-
metic element. This computer provided the speed and
corputational power required to solve the more cowplex

< 4 -
equations. These equations are:
Y Y, +k, Y = TZ
E = ¢ os _ 2 11 “2
¥y ¥ v o 3
\:2+k0"0+k1 .1+k3'l‘
xos ~ XZ + C0 Xo
Ex= cx 3
- 3 v
‘12+K\DYO+k1 .!+k3T
where

E = correction voltage at the vertical
(¥) and horizontal (x) deflection
plates.

= vertical (v) and horizontal (x) gaia.
vertical position voltage.

o
[

o8
XK = horizontal position voltage.
s

YO‘ YI Y, = vertrical displacemenis ~7 the pellet

at detectors 0, 1, and 2
X.,» X, = horizontal displacements of the
reliet at detectors M and 2

T = time of flight fror Jetecror O to

detector 1.

kL ko, KD, &, and K s fi B
o Lo. Bis .kl, s nd 2.3 are comstants fixed by the
~pomatry of the svstem. Y  and X__ are controlled by

Qs os

e

the operator through 10-turn poteutiometers on the front
panel, and zre used to adjust the vertical and horizon-
tal posirtion of the stream of pellets at the laser focal
area. (‘.‘ is controlled by the operator through digital

thumbyheel switches oa the froat parel to adjust the
focus of the stream of pellets at the laser focal area.
(;x differs {rom C‘\» by a censtaat alziplier that can be

varied in the coxputer to adjust for peller-strean
astigmatisz at the laser focal area.

Irplementation

Since the alignment hardware for the third posi-
tion detector was not readv for operation vhen the new
pellet guidance contrul svstem was Teadr, we decided ro
initially install the systen with only two position de-
tectors. The nex svsten was programed to solve the

old guidance equations for a two-detector sy‘s:e:.! At
the first schaduled shutdown, planned for abour 2 mo

hence, the rhird position detector was ro be installed
to complete the syster. The third detector was never
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installed, because during the initial rus it was de—
cided to discontimue the Baseball YI-T experiment and
devote the space and manpower to the forthconing

TMX experiment.

The portion of the new system that was checked out
appeared to meet all its design goals, including easier
control by the operator. No significant improvement in
the accuracy was achiaved, nor had it been anticipated,
without the implementation of the third position detec—
tor.
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