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ROCKET-BORNE IR SENSOR DZPLOYMENT SYSTEM

INTRONUCTION ‘

Tn 1970, Wentworth Tnstitute f-ohricated and assembled the first of
, a series of basically similer sounding rocket paylosds designated by the
I tir Force Cambridpe Research lahoratories (now the Air Force Neophysics
ILaboratory) as the Hi<Star Project. "re phase of this task was the desipn
I ani develorment of 2 control system suitable for the deployment of a
f cryorenically-cooled, infrr-red sensine instrument. The resulting system,
| the subject of this report, was used on sever payloads (Nos. AOL,00L4-2, -L,
-5, -6, =7, =8 and -9) and, with minor modifications, on three more
(Nos. A05,391-1, -2 and -35. The system wrs flown apgain, though with greater
modification, in the Fall of 1975 on the Super Hi<Star payload,

CCNTROL SYSTEM REQUIREMENTS

The requirement:c which had been established for this control system
are set foerth in thiz Section.

Sensor Neployment Program

The system's most vital requirement ic that it must properly positicn
or cdeploy the sensor when the sounding rocket reacles a predetermined
2ltitude, First of all, blow=-off doors are jettiscned from the nose cone;
this removes any structure that might obstruct the sensor's movementz or
field of view., Then, referring to Figure 1, the following sequence of
avents is initiated by the Attitude Control System (ACS) or payload pro-
grammer.

Step 1: The sensor's protective cap is removec,

Step 2: The sensor is rotated outward from within the
roge cone to its first Nata Collection Point (NCP #1}.

Step ?: The 3ensor is held a2t P #1 while the AC5 rotates
the nayload about. its loneitudinal axis for one
full revolution,

Step L: Upon completicn of one revolution, the sensor is
rotated inward to be stopped at the rext point,
T)CP #2 .

Step S5: C(nce agein, the ACS revolves the payload one full
revolution about its X-axis.

It is durirg these periods of pasyload revolution, with the sensor held
at its CPs, that the infre-red ~ata is collected. This process of stepping
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the sensor to the next 'CP and revolving the payload is repeated until
it is time to "button it up" for reentry. Then, the sensor is rotated
inward to the Stow position and its cap is replaced, thus completing

the last step of the deployment program, thereby readying the sensor for
the rigors of reentry and subsequent recovery.

CP Positions

The position of DCP #1 relative to the payload's longitudinal axis
varies from payload to payload; it is dependent upon the specific mission's
requirements., The control system must accommodate these changes.

nep SEC i.hg

The angular spacing between each DCP depends upon the sensor's field
of view, For this series of payloads, the spacing was 1,1° % 0,050,

Sounding Rocket Fnvironment

The sensor's deployment system must operate satisfactorily in an
environment common to sounding rockets.

Vibration: Test Level
a. 0.003 G2Hz. at 20 Kz, + 12 db/octave from 20 Hz. to 100 Hz,
b. 0.028 G?Hz. from 100 Hz, to 1000 Hz.
ce =6 db/octsve from 1000 Yz, to 2000 Hz.
Shock: Test Level
100 G peak, 6 millisecond sawtooth,
Payload B+: Test Level
+ 28 vpc ! L vne.
Longitudinal Acceleration: Flight Condition
20 G peak,
Spin Rate: Flight Condition
5 rps
Flight Time:

10 minutes,




PHYSICAL DESCRIPTION

A general explanation of the payload and the mechznism of its
deployment system is in order before cdiscussing the essentials of the
control system,

Main Pasting

Firure 2 shows the casting that forms the basic chassis of the
sensor deployment svstem. Tt is extremely rigid in order to maintain the
alignment of the IR sensor with the rest of the payload, The sensor is
housed within the chassis as shown in Fipure 3, The inner surface of this
casting is smooth and glossy, and is finished in a white baked epoxy psint;
this aids in msintaining the cleanliness required within this portion of
the payload., Two large ports, covered by blow-off doors during the early
portion of the flight, provide cleararce when the sensor rotates outward
to collect data. (See Figure L).

Sensor Mounting Ring

The IR sensor mounts in a ring that is gimbelled about one axis.
This axis is at a right angle to, and passes through, the payload's longi-
tudinal axis. The gimbal shaft protrudes through, and is supported by,
opposite walls of the casting. One end of this sheft is connected to the
gimbal's drive assembly, and the other to its brake essembly. Figures 3
and L4 show the two bulbous skin fairings used to cover these two assemblies,

Gimbal Drive Assembly

ear Rox =-- The Gimbal Drive fssembly consists of a gear box (see
Figure 2) which couples a ?5 V' planetary geared drive motor and an optical
shaft encoder to one end of the gimbal's shaft, A 7.5:1 reduction ratio
worm drive, combined with the 639,9:1 reduction of the planetary pear motor,
zives a rate of sensor deployment of 16© per second on Hi-Power and 80 per
second on Low Power,

Shsft ¥ncoder -- The optical shaft encoder is coupled to the gimbal's
shaft by & set of anti-backlash gears which gears it up 2,5h:1. This gesr
ratio, combined with the 213 bit resolution of the shaft encoder, gives
approximately 0,0173° of shaft rotation per increment of encoder output.
This output is used by the control system's logic; it is also an in-flight
monitor through telemetry of the sensor's deployment angle.

Function Cam -- This unit is also a part of the Gimbal Drive Assembly
(see Figure 5). It can be seen only when the gear box is removed, This
cam, mounted directly to the gimbal shaft, is used to actuate the 4O° Enable
Switch, Sw L, and the Upper Limit Switch, Sw 6. The cam has built-in
provizions for making small amounts of angular adjustment needed to accommo-
date slight differences between payloadse
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Figure 3, Payload with Sensor in "Stow" Position
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Figure L. Payload with Sensor deployed
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Sw 6 Limit Switch

Sw i LO° Enable Switch

AV

Figure 5. Function Cam

Switch Actuating Pin
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Figure 6, Jack Mechanism
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Gimbal Brake Assembly

Electromaenetic 3rake -- The other oni of the gimbal shaft is coupled
to a2n electromacnetic brake, It aids the dynamic braking of the IR sensor's
movement and it locks it into place at each DCP. This brake consists of
two parts: a stationary field coil mounted to the casting, ancd an armature
mounted directly to the gimbal shsft. When electrical power is applied to
the field, it magnetically attracts the ammature, thus forcing the braking
surfaces together,

Precision Pot -- Mounted also to the Gimbal Brake Assembly is a multi-
turn precision pot. It is driven throupgh anti-backlash gears by the gimbal
shaft and provides an analog out put signal used to quickly check gimbal
shaft rotation during sensor deployment.

Jack Mechanism

The IR sensor has a nrotective r~ap that is removed when collecting data
and is replaced afterward, The mechanism shown in Figure 6 is used far this
nurpose, The cap is bolted to the jack's platform so that when the jack is
lowered, the cap is removed anA vice versa., The mechanism is sufficiently
sturdy so that, wvhen it replaces the cap, it locks the sensor in the stowed

position,

Three switches are mounted on this device, Sw 3 is a limit switch,
Tt turns off the motor if the jack is run to its mechanical limit, preventing
self destruction, The other two switches are used to integrate the jack's
operation with other functions. Figure 1 shows approximately where this e
jack is mounted in the payload.

Logic Flectronics Package

This packare is the heart of the control system. Figures 72 and 7b
show the package with and without its covere It contains four circuit
soards which employ both printed circuit and wire wrap fabrication techniques.
T+ is monnted with the power control relays and supplemental circuitry
in *ne payload section just aft of the casting. This section is reserved

for the payload's support electronics.

CONTROL SYSTEM OPFRATION

The control system which has been developed to meet the system require-
merts can be considered 2 semi-~closed loop system, The normal operational
mode is open loop. MNo sensor positional data is used to adjust the sensor's
position each time it is stopped at a NCP, However, a closed loop arrange-
ment is employed to overcome certain types of system failure. A description
of these two operational modes follows,

Normal Operation

Fipure 8 Control System Block iiacrram) illustrates the interaction
betyieen the various elemerts of the control svstem,
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Figure 7a.

Figure 7b,

Logic Control Unit

LCU with Cover removed
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Four commands are used to control the deployment program's sequence
of events, They are "Neploy”, "Step", "Stow", and "Logic Reset", The
first three are generated by the vehicle's ACS, The payload programmer
generates the "Logic Reset" in adcdition to the back-up commands for
"Deploy" and "Stow".

The first command ic "Lopic Reset", 1t presets the Logic Control
nit (I1C') electronics to the proper starting levels. The second command
is "Deploy". Upon receiving it, the ILCU sends out Remove Cap, Rotate Out,
and Run signals., The Remove Cap signal sets the Cap Control Relay, Ry 1,
.0 the proper position for removing the sensor's cap. The Rotate Out
3ignal sets the Power Select Relay, Ry 3, to the Hi-Power position and
the Gimbal Direction Relay, Ry L, to the Rotate (Qut position. Power through
Ry 1 and Sw 1 runs the Jack Drive Motor, thus removing the cap. When the
jack mechanism is fully retracted (cap is clear of the sensor), it actuates
SW 1; this switch interrupts the power to the Jack Drive Motor, then
energizes the Power Transfer Relay, iy 2., Power flows through Rys 2, 3, L,
S and Sw 5 to the Gimbal Drive Motor. The sensor begins to rotate outward,
The Sheft Position Encoder (SPE), see Figure 2, transmits position-indicating
data to the LCU. Due to the 2.5L:1 grar ratio between the SPE and the
Gimbal Shaft, redundant data is generated through the first LOC of deploy-
ment. To prevent the LCU from responding to this erroneous deta, the L0°
Enable Switch, Sw L, enables the logic control functions only after the sensor
has traveled beyond the 40° Enable Point (see Figure 1).

The sensor continues to deploy, rotating outward until it reaches »
position, the Turn Around Point, where the SPE data matches data previously
stored in the ICU, Vhen this match occurs, the ICU generates a Rotate In
signal, By controlling the appropriate relays, thic signal reverses the
direction of the Giimbal Drive Motor and slows it down by switching it to
Low Power, Ry L in its Rotate Tn position also sends a signal to the LCU
which enables the brake-control function, The sensor now rotates inward at
slow speed, The IC1 compares the SPE date with its own data, looking for
a match at the DCP #1, Vhen the match occurs, the LCU penerates a Rrake
sienal, setting Ry S to the brake position. This removes power from the
Gimbal Drive Motor and energizes the nimbal Brake, stopping the sensor at
DCP #1.

The sensor remains at DCP #1 until a "Step" command is received from
the ACS. This command upgrades the LCU's internal reference to match the
next TCP, removes power from the brake, and applies power to the Gimbel
Nrive Motor., The sensor rotates inward once again until the SPE data i
matches the LCU's new internal reference for DCP #2, at which time the
stopping sequence is repeated. This process repeats itself each time a
"Step" command is received throughout the flight.

L. successful recovery of the payload requires returning the sensor
to its Stow position before reentry. When the LCU receives this "Stow"
command, it sends out Run and Rotate 1n signals, It also dicables some
of its internal control functions so that the sensor can rotate through
any unused DCPs to its Stow position. Vhen it arrives, Stow Po=ition
Switch, Sw 5, (see Figure S), transmits a signal to the LCU. The LCU
penerates a Replace Cap signal that switches Ry 1. The Jack Drive Motor

16




starts replacing the cap. The jack docs not move very far before Sw 1
{s deactuated; at the same time, Py ¢ deenergizes, and power is removed
from the gimbal's control relays, £s the jack pushes the cap into plsce,
Sw 2 changes the jack motor power to @ low level. The jack motor finally 1
stalls, maintaining several pounds of thrust on the sensor cap. This
4 ensures that the cap stays on, and locks the sensor in its Stowed position,
’ Tre Sensor Deployment Program terminates with this securement of the sensor,

Failsafe Operation

It i3 possible that a system failure could occur if, for one reason
or other, the lopic does not recopnize a "CP when Ry LL and Ry S are in
their respective Run and Potate Tn positions, Under these conditions the
sensor would be stowe? prematurely, thus terminating data collection.
This type of failure would happen, for instance, if a certain portion of
the SPF data were lost momentarily 2s the sensor was moving to its next DCP.
To prevent this sort of svstem failure, two failsafe features named Scan
Mode and Lower Limit Control have been incornorated in the system design.
Referring to Figure 9, Failsafe Program, the following is a description
of their operstion.

Scan Mode Operation -- Assuming that the system has received a "Step"
command, and is now rotating the sensor inwarc from one DCP to the next,
we introduce a glitch (momentary failure) so that the LCU does not recognize
when the sensor has reached the next DCP., Instead of stopping, it continues
to rotate inward and would stow itself if it were not for the Scan Mode
1 failsafe feature. This feature is designed to generate two error points,
: Frror Point 1, (EP #1), and Error Point 2, (EP #2). Both move each time
a "Step" command is received, and, by doing so, maintain their angular
; relationship with each upcoming DCP. As in our example in Figure 9, the
sensor slides past the DCP and reaches EP #1. The LCU recognizes that
the sensor has missed its stopping point; consequently, it sends out a
Rotate Out signal, thereby reversing the direction of rotation and sencding
the sensor back toward EP #2., When the sensor reaches EP #2, the LCU sends
out a Rotate Tn sipnal and the sensor's direction is again reversed., If
the effects of the glitch are no longer present, the ICU recognizes this
and stops the sensor at the desired NCP. 1If, by chance, the glitch is
still present, the sensor will continue scanning back 2nd forth between
the two error points, Tt will remain in this scan mode until either the
glitch disappears and the sensor stops at the desired DCP, or, a "Step”
command tells it to move on to the next P, Hopefully, the plitch does
not affect the fnllowing NCPs anA the system returns to normal operation,

Lover Timit Control Overation -- This second failsafe feature is
orovided because of the difficultv in predicting the character of a glitch,
EP 71 is closely spaced to the NCP ard could he overridden if affected by
b i . the same plitch that allowed the svstem +o let the sensor slip past in the
first nlace, Should that happen, once arain the sensor would stow itself
prematurely. To prevent this occurrence, a fixed position, the Lower Limit
Point, provides a second opportunity to turn the sensor around, senaing
it back to EP #2 and, from there, back to the DCP., It acts like EP #1,

17
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excent that it remains fixed; i+t Aoez not adjust its nosition each time
3 "“ter" rommard is received,

It is azsumed that any gliteh cupsble of cverricding these two failsafe
features is grobasbly more thar s temporary problem and should be dealt with
accordingly.

THE LOGIC CONTROL UNIT (LCU)

The LCU is the most compiex ~ompgonent of the deployment system, As
urh, further sxplezration of its compocition and operaticn is merited,
t receives input information from three¢ sources; they are the L0V Luohle
Switch, the Direction Monitor, an< the GPE. Based on this informatiorn,
the LCU Adecides upon and gererates the correct combiration of output signais
shich the system requires tc perform any one of four system tommands. These
cemmands, "Logic Reset", "Deploy", "3tep”, and "5Gtow" are generzted by the
payload's programmer and the ACS, They determire whst the control systenm
must do and when to do it.

2 +=4 19

The following twn segments, entitled "1CU Circuit Composition and
Tunclion", and "LCU Response to System Commands" , elaborate on Figue 10,
15 Block Nisgrem. The first segment, 2s the title implies, describes the
romposition and function of cech of the circuit tlocks in this figure. The
second seement illustrztes the 17'"'s chronolorical response to each cof the
four system commarnis,

LCU Circuit Composition and Furction

Neploy Fnahle Circuit -- This circuit is an R-S flip-flop. Upon
receiving a "Lopic Reset" commarnd, it sets the Upper Control Limit (UCL)
latch, Frror Comparator, and Lower Control Limit (ICL) circuits to their
proper starting condition. It also inhibits these circuits when it receives
a signal from the "Stow" one-shot circuit.

UCL Latch Circuit -- This circuit is another k-5 flip-flop. It is used
to enable the "Step" and "Stow" one-shots. It also supplies one of the
three enable inputs needed by the Error Comparator circuite.

"Neploy" One-Shot Circuit -- The one=-shot, when enabled by the UCL
latch circuit and upon seeing the leading edge of the "Deploy" command
pulse, sends a 70 millisecond pulse to the Run Drive, kemove Cap, and
Rotate Out circuits. It acts as the interface between the "Deploy* commancd
and the LCU.

"Step" One-Shot Circuit -- Similar to the "Deploy" one-shot, this one
acts as an interface for the "Step" cormandes Its 70 millisecond pulse
output poes to the Potate In and Fun Drive circuits' inputs. It is also
connected to the Register circuit’s /dvance control input,

19
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"Stow" Cne=Shot Circuit -- This one-chot is the 1ClU's interface for
the "Stow" commande The output goes to the Potate In Drive and Run Drive
circuits. It 2lso goes to the Set control input of the Deploy Enable
circuit,

fray toc "inary Cornverter -- a pair of Cuad, Two Input Fxclusive OR gates
provicde eipght gates, of which seven are used to convert the seven Most
Sienificart Rits of the SPF Gray Code to the binary code formet used bty
"‘r\.p !‘(‘7'.

01, Nircuit -= 8 sinele 7 input N'ET sate determines when the senscr
is simultaneously hevand the LN® Fnable Point and 2t the U'Cl, point. Tts
output rnes to the "I, Lateh and Rotate Tn Nrive circunits,

ILI, Circuit -- Another sinele 8 input NAMD gate is used to determine
wher. the sensor is at. the LCL point “urine the ICU's failsafe operating
mode o

LCL and UCL Matrix -~ This matrix is composed of two lh-pin DI component
carriers which provide a means of selecting, by hardwiring, the particular
SPE data needed vy the UCL and LCL circuits,

P #1 Matrix -- This matrix uses only one lh-pin DIP component carrier
position of the first cdata collection point, P #1.
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Pegister Circuit -- The :legister circuit consists of two, 4 bit counters
erged as a 7 Rit Nown Counter. It supplies the reflerence deta that
determines the angular position of the DCPs. The out.put feeds the Position

Position Comparator Circuit -- This circuit enploys & Dual L Rit
Comparator, one 2 input NAND pate, one section of & Fex Inverter and one
Tual Irnput one-shote The circuit's main tesk is to recognize wren the SPE
Asta ratches the reference data from the Register circuit., It also
integrates the "eploy Tnable, LOO Cnable, and Motor Nirection sipnals,

Tts output provides the input to the Hrake Nrive circuit.

Frror Comparator Circuit -- This circuit is of sienificznce only when
the system is operating in the feilsafe mode., Tt sunnlies the information
which esteblishes the positions of FP #1 and FP #2, Tt is macde up of one
nuel L Pit comparator, two 3 irput MAND rates, two L ?it True/Complement
n/1 Arithme*ic Flements, and two L 2it Binary Adders, Tts main inputs
are from the SPE and Reeister circuits; it inteprates these with inputs
from the UCI, Latch, Ueploy Enable, arnd Direction Monitor circuits. Tt
hzs two sutputs; one ~oes to the Potate Out Drive circuit and one to the
wotate Tn Nrive circuit.

Npive Circuits -- The iteplace Cap Drive, droke Drive, ana Remove Cap
Lrive circuits use single portions of a hex inverter as their inputs The
xotate Out Trive and Hun Drive use & 3 input KAND! pate as their input, while
the Kotate In Drive circuit uses & L input NANL gate, 211 six arive circuits
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use arn nutput transistor Lo supply power soequate to switch the control
relays., It is trnese six ocutput sipgnals that méke up the LCU's contribu-
tion to the control systen,

LCll “esponse to System Commands

"lLogic “eset" Command -- The first system command is the "Logic hkeset',
T™his is & pulse pererated hy the payload ororremmer at approximately T +67
seconds flirht time, Tt is conrected directly to the LCl's Register anc
“eploy Fnable circuits, It resets the recister by clearing ary data in
storape and enters the new data from the ™OP #1 Matrix circuit.

'"her: the Tenlny Enahle circuit receives this command, it is set to
the Peset nositinn, The Neploy “nable circuit has a3 sinele output which
now sSirmiltaneously roes to four ~ore circuits, Followinr each path, one
place it roes to is the ICL circuit, supplyine it with an enable input.
Two rmore places 2re the Error Comperator and Position Comparator circuits
where it removes an inhibit input., The fourth place it poes to is the
"CL latch circuit. The UCL latch circuit responds by sending out two
outputs labelled % and (. The ¢ output goes to anc enables the "Deploy"
one=shot circuit. 7The § output rces to three places: the "Step", and
"Stow", one-shot circuits, and tne !rror Comparator circuit. It supplies

an inhibit function at eache.

This is the LCU's complete reaction to the "Logic reset" commgnde. No
LU output is generated at this time,

"Neploy" Command -- The second system command is the "Deploy". This
oulse is normally generated by the LC5 at T +110 secondsj however, it is
nacked up by the paylosd programmer at T +112 seconds. The only place
it gnes to in the ICU is the "Deploy" one-shot circuite. This circuit,
previously enahled by the "Logic Reset" command, sends an output to three
drive circuits. They are the Remove Cap, Rotate Out, ann Run Drive circuits.
"he outputs from these three circuits sre the LCU's control signals used
o0 switch the relays needed for sensor deployment, as previously described
in the report sepment Mormel Cperation.

During the senscr's deployment, the ICUl receives certain nieces of
information to which it must. responi, The first of these is a chanre of
status of “he L0O® Tnahle Switch., This input sienal to the LCU enabhles the
"L circuit, aré removes the second inhikit. from the iosition Comparator
rircuit. The SPF Aata is cortinucusly monitored hy the 'ICL circuit through
+he 1Cl. and 'CT "atrix circuit. 'hen the SPE data matches the point
determined by the matrix, the U], circuit cenerstes an output that roes to
tvn places, ftt the Potate Tn Nrive circuit, it trippers an output which
reverees the direct.ion of sensor rotation. At the UCL latch circuit,
several operations take place, The ( output from it inhibits the "Deploy"
One=Shot, snd its O output enables both the "Step" and "Stow" One-Shot
circuits; at the same time, it removes the second inhibit from the Error
Comzarator circuit,




a sione] receivec from the Direction
t from the Position Comparator

nese are now fully enabled and

to Binary (Converter.

“hen the sensor irection reverses,
¥Yonitor removes the *hird or final irhibi
and Error Comparator circuits. 3oth of v
corstan*ly monitor the data from the Gray

The Position Comparator looks for tre point wnere SPE data matches
cata from the Fegister. Vhen this heppens, its output signal, conditioned
Ly the “rake Drive circuit, stops the sensor at DCP #l. This terminates
the influence of the "leploy" Command,

"Step" Comrand -- This command, tne third one received by the LCU,
is a 350 millisecond pulse used to step the sensor from one DCP to the
next. It is available only from the £C5 and is repeated several times auring
a flipht. The "Step" One-Shot circuit's output goes to the Run and Rotzte In
Nrive circuits and starts the sensor rotating inward towarc its next I'CP.

Tt also poes to the Hegister's favance input,

™he Tegister circuit’s counter, up to this moment, stored the informstion
received earlier from the NCP #]1 Matrix. Vhen it sees the one-shot output,
it acvarces this informastion one count so that it now supplies a new reference,
one *hat coircifes with "CP #2, This reference is used by the Position
Comparator as it monitors the SPF data; looking for a matching condition
arain, "“hen it occurs, the IfU sends out the sipgnals that stop the sencor,
this time at NP #2, Fach time the I receives a "Step" command, this
process is reneated,

Throurhout this phese, the Frror Comparstor monitors the outputs of

the S®F ard the egister, ! ike the Position Comparator, it also looks for

a8 matchire condition of these two data sources, In its case, hovever, the
data from the Pegister circuit is o fset by the Error Comparator's circuit
elerrnts before an attempt to match it is made., The only time that a match
is now possible is when the sensor, faeiling to stop at the designated

P, travels 1.1° beyond to the FP #1l. These same c¢lements, with an input
from the Direction !fonitor, are used to generste the EP #2, The resulting
action is as describec in this report's segment entitled railsafe Operation.

"Suow" Commanc -~ A pulse from the ACS, backed up vy tne payload's
pregrampmer, terminates the stepping process and stows ihe sensore This
"Srov" command poes directly to the LCU's "Stow" One-Shot circuit. The
one-shot's output then goes to the Rtun and kotate In DNrive circuits, thus
starting the sensor rotating inwarde [t also supplies zn inhibit signal
t,n the two comparator and LCL circuits since any output from them would
hinder the stowing process.

The sensor rotates inward until it reaches the Stow position, whereupon
Sw 5 rhanges status, supplying an input to the Replace Cap "rive circuit.
The output. from this circuit is the last control signal generated by the
1711 and serves to replace the sensor's cap.
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eNNCLUSION
"his control system has proved to be quite versatile, The first

sever, projects user it as just describec, changing only the angular

nosition of the "CV #)1 from project to project. Projects Nos., £05,391-1,

-?, an~ =3 required reversing the stepping direction, starting I'CP #1

ht’n low point and steppine outward instead of inward, The last project,
Super Hi-tar, required the most modification, Tn this one, the %rror
“emparator circuit wes used to scar the sensor 9.9° between the FF #1

and TP #2, Tt cdid so first at one position for calibration purposes, then
#t a secon? pasition to collect data, Additionzl ~ircuitry was incorporated

tn smooth nut the sensor's reversal of direction at each iimit of the
3cHn,

The system used in these eleven proircts has proved so successful
vhat its desipn concepts form the basis of new systems beirg developed for
uptoning ZIP and ARIFS/Autonetics projects at Wentworth Institute, |

R
deserves special thanks in recognition of his contributions during the
conceuvtual :tage of Lthis deployment system's Logic Control Unit,

Mr, Christopher H. Hentschel, a former employce of Wentworth institute,
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