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ABSTRACT

The results of a program to develop, design and fabricate a
low-level telemetry subsystem to operate in the lower 1,000 meters
of the atmosphere and compatibly interface with a modified Rgwin
Set AN/GMD-k4 is presented herein. The subsystem has been hesigned
to provide a detailed analysis of the temperature, humidity and wind
structure of the 2ower atmosphere, employing standard radiosonde
sensors and transponder technigues, and congideration has been given
for the use of modular construction to facilitate updating as new
techniques and equipments are developed. The telemetry device is
adaptable for use as a balloonscnde designed for data acquisition on
ascent, or as a rocketsonde providing data acquisition on descent,
upon deployment of a parachute and a sensor mounting packege.

Utilized in the design of this telemetry devic - are: a solid
state and integrated circuit commutator, with a sampling rate of one cycle
per second, and a solid state microwave transmitter. The relatively
high sampling rate of one every second provides a more complete synopsis

-/—‘A-

of the atmospheric construction then have previous balloon borne or
rocket sounding telemetry devices.
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INTRODUCTION

This report includes the development of a low level radigsonde
instrument package containing solid state devices consistent with the
state-of -the-art technology. Also included is the detailed design
approach used in the development of & modification package for the
AN/GMD-I Meteorological Duta Processor to mske the GMD subsystem
operation compatible with the low level radiosonde data sampling end
transmission rate.

This report covers the siep by step procedure and the analysis
of each circuit implemented in the design, includes & detailed de-
scription of the various qualifying tests at the circuit and completed
unit levels and discusses the results of USAF/Bendix flight tests con-
ducted at Cape Kennedy ir: June and October of 1967, at L. G. Hanscom
Field in April of 1968, and at Vandenberg AFR in June of 1968.




SCIENTIFIC CONTRIBUTORS

Those scientists and engineers who have contributed and their areas
of contribution to the research reported cn in this documert are discusaed

below:

1.

R. G. Ramirez - Engineer

Mr. Ramirez was responsible for reviewing the original design,
researching the problem areas and initiating corrective action,
building of the prototype units, flight testing these units at
Cape Kennedy, employing any necessary redesign resuiting from
flight testing and the writing and assembling of the necessary
data incorporated in this report.

R. J. Betz - Engineer h

Mr. Betz performed the circuit design and assembled the AN/GMD-U
modification package, had the responsibility for implementing the
modification to the GMD-4 at Cape Kennedy and at L. G. Hanscom
Field. Mr. Betz alszo assisted in the design and analysis of the
solid state commutalor switching device, and contributed to the
write up of this report.
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Mr. Cosby was the Program Manager on this development program,
with the responsibility for defining and implementing the original
design concept. He provided considerable technical assistance in
the basic design of the hybrid unit throughout the program.
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research required on this program. He provided technical direction
to his subordinate engineers and technicians throughout the develop-
ment and testing phases on the breadboard units up to the in~house
Bendix prototype manufacturing and testing phase.
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Mr. Stein contributed to the design of the receiver, the receiving
antenna, the low frequency clock, the solid state commutator and
the blocking oscillator. He participated in the breadboard build
up and testing phases implementing his design.
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R. Erler - Engineer

Mr. Erler performed much of the besic aesign of the receiver,
the 82 KC amplifier design and assisted in the design of the
lovw frequency clock and the solid state commutator. He also
participated in the breadboarding and testing of these circuits.
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B.

TECHNICAL

GENERAL

The transponder portion of the radiosonde consists of the 403 MHz
receiver, 2 stages of 81.94 KC amplification, an emitter follower
isolation stage, and a 1..68 GHz solid state transmitter. The
receiver demodulates the 81.94 KC ranging signal, provides the
driving voltage to the 81.94 KC amplifiers, the amplifiers drive
into & Hi-input impedance emitter follower whose output frequency
modulates the 1.68 GHz solid state transmitter, thus retrsnsmitting
the ranging signal back to the GMD ground station.

The meteborological data is sampled at the rate of once per second,
and is transmitted by pulse modulating (FM) the 1.68 GHz trans-
mitter with pulse rates ranging from 200 to 4,000 cycles per second.

Meteorological data commutation is provided by a four (4) channel

solid state commutator. The solid state commutator consists of a

four (&) Hertz clock (asteble multivibrator), a sequencer (provides
gating) and appropriate switching transistors. Each data channel pulse
modulates the transmitter for & time period of 230 milliseconds with a
20 millisecond blanking time period (off time) provided between data
channels. Sequence identification for the commutator is reference,
temperature, humidity, and spare channel.

BATTERY POWER

Power requirements of the transmitter, receiver, transistor circuits,
micrologic circuits and the meteorologicael pulse generator, commutator
and blocking oscillator circuits dictated the size and voltage of the
batteries that were required. The RCA solid state transmitter (S-190)
requires & -18 V @ approximetely 100 ma supply, the 403 MHz receiver
and assoriated 81.94 KC transistor circuitry was designed to operate

at -12 V while the met pulse generator, and the micrologic and asso-
ciated audio transistor circuitry was designed to operate at -L4.5 Volts.
Total current drains at each voltage are, -18V @ 100 ma max., -12 V @

15 ma max., and ~4.5 V @ 100 ma max.

Consideration was given to several types of batteries and the field was
narroved down to the size AA alkaline cells and the cuprous-chloride
water-activaied battery. Both batteries were capable of supplying at
least 250 ma over a thirty minute period.

The alkaline batteries, after additional testing were found io provide

no margin of safety. The time required to baseline and launch a belloon-
sonde is approximately 20 minutes, and for the rocketsonde about 30
minutes; therefore, the use of the alkaline battery was abandoned.

N
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The cuprous-chloride water-activated battery manufactured by the
Ray-0-Vac Corporaticn was selected. This unit will supply full
power approximately ten minutes after being soaked in fresh water
for two to three minutes. The manufacturer specified this unit's
capability as 250 ma for approximately sixty minutes. Under test,
at the Bendix facility, and during flight tests at Cape Kennedy,
the unit was found to exceed this power capability. During flight
testing at the Cape, one radiosonde (balloon) was released and met
date and ranging information were received for about three hours
before fading. Under bench test conditions a battery was activated
and alloved to lay for seven hours; the batteries were then put in
a sonde under full load, voltage measurements were made and found
to still be at their nominal values. From these tests the cuprous-
chloride batteries were found to provide at least & 300 to 400 per-
cent safety margin. The weight of the battery is approximately

61 grams activated. The only hardware necessary for connecting
this battery is the standard widely used two-terminal snap-on type.
This was an additionsl weight saving factor. In addition to the
foregoing, the cuprous-chloride cost per cell was about 20% less than
that for the elkaline cell.

See Figures 1 and 2 for a comparison of battery voltage measurement
made under full load during laboratory tests.

MECHANICAL DESIGN
1. Rocketsonde

The packaging of the instrument was made to specificelly fit into
the Texaco "Cricket Rocket" which has & modified ejection type
nose section. All electronic subassemblies of the instrument ex-
cept the transmitter are on printed circult bosrds. The weight of
the electronic package including the activated battery is 645
grams (approximately 1.42 pounds). The electronic package con-
sists of the 1.68 GHz transmitter, the 403 MHz receiver, the
81.94 KHz amplifiers, the power source, the solid state commutator,
the met data pulse zenerator and the associated frame and mounting
hardware. Refer to Figure 3 for picture of instrument at various
stages during the assembly process.

The electronics package fits into the Texaco “Cricket Rocket,"” and
mekes up the nose or payload package. The parachute compartment
attaches to the rear of the payload and houses both the parachute,
the 15 second timer and the rocketsonde sensor package. The 15
second timer deploys the parachute approximately 15 seconds after
firing of the rocket motor. This is the calculated time for the
rocket after firing to reach apogee at which time zero G forces
are encountered. The parachute is attached just aft of center of
the whole assembly and provides a descent of the package with a

6
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nogse down attitude. This eliminates any transmission dead space
that would occur if the assembly descented in a nose up attitude
whereby the metallic case of the rocket motor would block trans-
mission of the instrument as it revolved between the instrument
and the ground receiving station during descent. The nose down
attitude angle is approximately 35° below the horizontal.

The outer housing of the instrment package is aluminum and
attaches to the instrument package with two (2) machine screws.
The payload assembly attaches to the parachute assembly by use of
three (3) machine screws fastened to the payload assembly which
fit into three (3) slots in the parachute assembly frame, ere
turned and then tightened. This provides a rigid attachment of
the payload to the "Cricket Rocket."

The electronic package is comprised of five (5) printed circuit
boards which includes the encased receiver board, which are all
equally spaced and each, excluding the receiver subassembly, is
fastened to the lightweight aluminum frame by use of two (2)
aluminum angle brackets. 'fhe receiver board is mounted in a
metal shield which is fastened to the aluminum frame with two
metal screws. This construction lends itself to a self supporting
rigid package sufficient to withstand 84 g's of shock, that is
encountered during launch.

The ejection type nose cone originally proposed was found to be
inadequate for the purpose intended. Great difficulty was en-
countered in attaining the necessary rigid fit of the nose cone to
the payload sssembly needed during descent and then at apogee to
have the nose cone jerk loose from the instrument as a result of
parachute deployment and gravitational forces. Flight tests con-
ducted by AFCRL at Cape Kennedy showed that another approach was
necesssry. In addition to the above concept, the sensor board
provided had foldable arms. The sensor board plugged into the
instrument by use of banana plugs and then folded up to allow in-
stallation of the nose cone. At apogee the nose cone was to drop
off and the sensor arms were then to deploy. This configuration
was changed, and the nose cone was redesigned to lock onto the
instrument. With this change in the configuration, it was then
required to move the sensor packsge from the nose cone to the para-

chute assembly. A new sensor package was designed and during ascent

the sensor package was instelled into the parachute assembly and
fastened to the parachute lanyard. The sensor package was still
deployed at apogee. This allowed the sensor package to remain

clear of the instrument such as internally generated heat and re-
Tlections caused by the rocket assembly. This new concept of se-
curcly fastening the nose cone to the instrument during the whole

10
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D.

2.

flight protects the RF transmitter antenna upon impact with the
surface, and the use of the low loss plastic materisl for the
nose cone enables the RF transmission to be made through this
material.

The center of gravity of the electronic instrument package will
be slightly forward of center. This will allow the Cricket
Rocket performance to be comparable to other versions of the
Cricket Rocket with meteorological payloads.

Balloonsonde

The electronic package for the talloonsonde is the same as for
the cricketsonde with the exception of the location of the sensor
unit.

In the original design, a metal tube was used as the cover for the
balloonsonde, as well as for the rocket version. 1In order to meke
a cost reduction to the unit, the metal case was abandoned. An
aluminum foil wrapped cardboard tube provided a sufficiently tight
fit, so that no other means of fastening was necessary. The
cardboard tube was much easier to use than the metal container.

It enabled the hatteries to be inserted, the clock timer to be set
with ease, by slipping off the tube, whereas the metal case was
secured by two (2) metal screws.

Good sensor position is achieved on the balloonsonde by plugging
the sensor board at the end of the instrument package opposite the
1.68 GHz transmitter. The banana plug in feature is also provided
here. In this position the sensors will sample clean air during
ascent. For shipping purposes, the sensor arms are folded in a
disposable cardboard end cap which is attached with two (2) tie
wraps.

ELECTRONIC INSTRUMENT PACKAGE DESIGN

1.

403 MHz Receiver and 81.94 KHz Amplifiers

The receiver developed for the Low Level Radiosonde was determined
from the results of the following calculations and tests.

a, A mathematical analysis to determine the required receiver
sensitivity:

The radiosonde instrument package is designed to sense atmo-
spheric parameters up to an altitude of 1,000 meters with an
ascent or descent rate of 150 meters per minute. Therefore,
the time of ascent or descent will be approximately six min-
utes. A maximum wind spced of 50 miles per hour is selected

N1
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for design purposes. Then the maximum slant range is
approximately five miles.

The path loss for a 5 mile transmission at 400 MHz =

37 + 20 log (400) + 20 1og (5) = 103 db
Fade Margin = 3 db
Sonde Receiver Antenna Gain = 0 db
Sonde Receiver Noise Figure = Assume 5 db
GMD Transmitter Power = 18 watts = L2.6 dbm
GMD Transmitter 400 MHz Antenna Gain = 15 db

The required receiver sensitivity =

Transmitter Power + Antenna Gain - Path Loss - Fade Margin
- Noise Figure = 42.6 + 15 ~ 103 - 3 - 5 = =53,k dbm,

For design purposes the antenna was assuimed to be 50% efficient.
Therefore, the design sensitivity is -55.1t dbm.

A mathematical snalysis of various receiver configurations:

Three different types of receivers were considered: A self-
quenched superregenerative detector, an RF amplifier followed
by a diode detector, and an RF amplifier followed by a trans-
sistor detector.

L
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Figure 4. Superregenerative Detector

The superregenerative detector, illustrated in Figure 4 above
was analyzed. From past experience with this circuit, it is
known that a sensitivity of -T2 dbm for a 10:1 detected signal-
to-ncise ratio can be realized. The detected signal has an
amplitude of 15 mv peak-to-peak. This value is relatively
constant over a wide range of RF signal strength due to the
inherent automatic gain control of a logarithmic mode super-
regenerative detector.

The RCA 8190 sol J4 state power source requires approximately
300 mv peak-to-peak for * 100 kHz frequency deviation. The
superregenerative detector should be followed by one or two
amplifier stages and an emitter follower to produce the re-
quired modulation voltege and isolation.
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Figure 5. RF Ampiifier and Transistor Detector

The transistor RF amplifier and transistor detector,
illustrated in Figure 5 were analyzed next. The
maximum gain of an RF amplifier using inexpensive RF
transistors was calculated to be 13 db with a noise
figure of 6 to 7 db. The input to the detector would
then be ~56.4 dbm + 13 db = -43.4 dbm.

1k
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Figure 6. RF Amplifier and Dicde Detector

The RF amplifier and diode detector, illusirated in
Figure 6 were analyzed next. From the pjrevious calcu-
lation, the input to the detector would we -L3.k dbm.
If the diode is assumed lossless, then the output is
-43.k dbm = 4.571 X 1072 mw.

Breadboard Testing

Because there was much information on the performance of
the superregenerative detector and because the transistor
detector had more gain than the dicde, the first breadboard
built was a transistor detector employing a 2N2996 trens-
istor.

After optimizing the first circuit, a sensitivity of about
-48 dbm was obtained. Other 2N2996 transistors were tried
in ihe circuit and sensitivities of -1 to -6 dbm were ob-
tained. An optimum circuit for the majority of the 2N2996
transistors ( sample lot of 10) was developed and sensitivity
ranged from -42 dbm to -15 dbm with the majority arcund

-28 db. Since the output from the RF smpliiier stage would
be -L3.4 dom, the trensistor detector was rejected. The
amplitude of the detected signal was approximately 2 mv peak-
to~peak.

15
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The superregenerative detector shown in Figure 4 was built
next. (See Superregenerative Receivers, Modern Radio Tech-
nique Series, by J. R. Whitehead, The Cambridge University
Press, American Branch, New York, for explanation of the
operation of a superregenerative detector.) °

Breadboard operation of a high frequency receiver is 4iffi-
cult because component lead lengths are critical. Any leads
that are connected to the inductance loops become part of
the input circuit and cause frequency shifts. Stray capaci-
tance is detrimental to high frequency performance, so printed
circuit boards werc fabricated to reduce this stray capsaci-
tance to & minimum. Th2 use of printed circuit boards also
provides control over component placement which can also
offset high frequency operation. In addition, the receiver
was shielded to minimize interference from the 1.68 gz
transmitter.

Test results of the superregenerative aetector using a Texas
Instrument 2N2996 transistor showed a sensitivity of -79 dbm
when {uned to 403 MHz. With the receiver tuned to L03 Miz,
the input frequency from & signal generator was shifted to¢
395 MH. and the sensitivity measured again. This time the
sensitivity was approximately -9 dhm or 70 db less.

Because of the results obtained with the transistor detector,
uo diode detector was built since any RF amplifier-detector
combination would cost more than the superregenerstive de-
tector.

The 81.94 kHz amplifier is used in the radiosonde to provide
signal emplification and impedance matching with the trens-
mitter. Refer to Figure 7 for a description of the circuit.

-y




Figure 7. 81.94 KHz Amplifier

The tank compos=2d ofCl12 and L6 is tuned to resonate at
31.94 Kiz. This allows a voltage gain of approximately
15 for signsi frequencies and little or no ge&in for other
Trequencies. A second slage provides additional voltage
gain vith gain control R12 used to provide the prover
level. An cmitter tollower is used to provide an imped-
ance match to the 600 ohm input of the transmitter.

Meteoroloprical Data Pulse Generator

The Meteorolopical Data Pulse Generator FM modulates the

1.630 Gliz transmitter from 200 to 4,000 pps. The frequency of
the meteorclo,sical pulses are contrclled by the resistance
ot Lemperature and hunidity sensors switched into the circuit
by means of the golid state commutator, which is described in
the nert section. The four cycle per second solid state clouck
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provides the timing pulses t'or gating the temperature, humidity,
high reference and spare channel resistances into the met data
oscillator circuit. The pulse width supplied is not less than
20 microseconds in width as dictated by the response of the GMD
receiver to narrov pulses in the range of repetition rates to
be used in the sonde.

A resistance-controlled relaxation oscillation is needed to
utilize the resistance variation properiy of the sensors. Fre-
quency output of the oscillator is 4,000 pps with only the
reference resistance in the circuit. Minimum frequency is

near 200 pps with the sensors at maximum resistance.

A unijunction transistor is one device suitable for a relaxation
oscillator because of its negetive resistance characteristic.

The low power supply voltage (12 volts) available dictated that

a low voltage unijunction transistor such eas the G.E. SE35 be
used. Refer to Figure 8 for operation of the unijunction circuit.

Emitter voltage of the unijunction (Q2) rises exponentially to
its firing point. At this time the capacitor discharges through
Q2 and its voltage drops to 0.2 volts. This voltage is coupled
to the base of Q1 to provide a pulse output. QL also helps
isolate the unijunction transistor from the load.

T O + 12 VDC
P2
gk\ R3
24 SENSHR
| |~'..Z|
| O ouT
l V'V
1 R 24 Q

Figure 3. Unijunction Pulse Generator




Temperature stability of the circuit was quite poor; ‘the output
frequency varied from 3680 Hz at 15°C to 6585 Hz at -LO°C.

Next, a Motorola four-layer diode (M4l 3052) was used in a
resistor-capacitor relaxation oscillator circuit. The four-

layer diode acts similar to a neon bulb. It exhibits high
resistance until breakdown then a low resistance while conducting.
After the current through the diode decreases below the sustaining
current, the device exhibits a high resistance again. Refer to
Figure 9 for the circuit diagram.

No temperature check was made since the circuit was unstable at
ambient temperature. OGuccessive identical readings on a fre-
quency counter could not be obtained due to pulse-to-pulse jitter.
The output is a sawtocth which limits its usefulness unless a
pulse shaper is used.

Refer to Figure 10 for & two-transistor saturated switching cir-
cuit using Motorola complementary transistors. When power is

first applied to the circuit, Ql saturates driving Q2 into
saturation. The -U.5 volts appearing across R3 is coupled to the
base of Ql driving it further into saturation. The capacitor dis-
charges until both transistors come out of saturation. At this
time the voltage at the junction of R3 and the collector rises to
zero volts. This voltage is coupied to the bmse of QL. The capac-
itor then charges until Ql again saturates and the process repeats
itself.

Qutput frequency is controlled by the magnitude of the sensor re-
sistor (R). When R equals O ohms frequency is 4,000 pps (reference
frequency). Increasing R decreases the frequency to approximately
246 pps with R equal to 1.4 megohms.

Pulse width is controlled by Cl and R2. With the components shown,
output pulse width is 25 microseconds. Decreasing R2 decreases the
pulse width. The emitter follower isolates the met pulse genierator
from the 1.6% gHz transmitter.

Frequency varied from a low of 3990 pps at -10°C to 4026 pps et
+70°C. This is better than * 1% temperature stability over this
temperature range.

The t v -transistor saturated switching circuit was selected since
it had (he vest temperature stability. This circuit is also mnre
ef'ficient than the other two since the pulse amplitude is almost
equal to the pover supply voltage in magnitude. Iigureld shows the
audio curve ot" Lthis circuit.
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M4L 3052
®
.
Figure 9. Four Layer Diode Pulse Generator
— QO = 4.5 vD¢
SENSDR >
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2N3903
R
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ZN 3905
1 _
In | O out
), BQOOPf R3

]

Figure 10. Complementary Transistor Pulse Generator
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3.

Solid State Commutator

A solid state commutator composed of a clock, sequencer, and
switching transistors is used to gate the meteorological
sensors in a resistance~-controlled oscillator. Tp obtain the
necessary sequence and duration for the sensors, a U Hz flip-
flop is used to generate clock pulses, Each successive clock
pulse switches the sensors and reference in the resistance-
controlled nscillator circuit for the required time and in
proper sequence.

a. Clock

Five different flip-flop circuits were tested in an effort
to find a temperature and voltage stablc clock circuit with
low current drsain.

The first circuit was composed of a Fairchild-type 914 micro-
logic dual 2-input gate with external feedback resistors and
capacitors as shown in Figure 11. The 914 micrologic element
is a digital device whose output is high (approximately zero
volts) when the input is low (approximately -4.5 volts) and
vice-versa. The inputs charge exponentially toward zero
volts since they are connected to ground through resistor
(RL or R2). Since the output of element # 1 is connected to
the input of element # 2 and output # 2 to input # 1 the

unit will oscillate.

With 811 components in a temperature chamber, frequency
varied from a low of 3.81 Hz at 50°C to 22.2 Hz at -10°C. The
electrolytic capacitors were assumed to be unstable at low
temperatures, so they were removed from the temperature
chamber and asttached to the micrologic circuit with long
leads. Results of a retest showed a frequency variation of
5.11 Hz. While the capacitors affect the frequency to a
large extent, the frequency shift due to the micrologic
characteristics is still quite large.

A Fairchild-type 929 quad inverter was substituted for the
dual 2-input gate as shown in Figure 12. The 929 inverter
flip-flop circuit operates in the same manner as a 914 unit,
but the 929 output has increased drive capability for charging
the capacitors.

When the capacitors and resistors selected to produce 2 Hz at
exbient temperature, frequency varied from 1.55 Hz to T0°C. to
2.76 Hz at -L0°C. This was an improvement over the 914 element,
but the percent change ( 35%) in frequency is still quite large.
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Figure 11. U4 Hz Micrologic Clock (Fairchild 91k Gate)

4.5 vDC

RI
68K I——c 4.5 vDC

R2
(3214
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Figure 12. U Hz Micrologic Clock (Fairchild 929 Inverter)
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e imvertings inmput, as shown in
dluare S, wen ‘ezted. Cutpat voltage of the cperaticnal
wrgd i ¥ier uy 0f the opposite polarity as the input voltage.
Thae empmestor prevents the input from changing as rapidly
ni Whe output,, thereby allowing the circuit to operate as

n Ylip=firpy. With a nominsl frequency of 25 Hz, the output
anrted only 0.6 Hz (2.4%) over the temperature range of -ho"0
L, (0", An can be seen in Figure 13, this ecircuit re-
et e o ponitive as well as negative pover supply for
operntion, 5tability is obtained, but at the expense of an
nddi Lionnl power supply.

To nvold the difficulties with temperature instability of
mierotogle elements, a discrete component flip-flop was
benbed next,. Flgure 14 is a circuit for a flip-flop with an
auymmeLerienl output. As the base voltage of QL inereases,
Q1 nwitehen 'rom a non-conducting state to saturation. The
collector off Q1 1s coupled to be bagse of Q2 which falls below
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Figure 1k.

Asymmetrical. Flip-Flop Clock

Figure 15.

Symmetrical Flip-Flop Clock
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cutoff when Q1 saturates. Collector of Q2 rises which
drives Q1 further into saturation. This state continues
until Q2 goes into saturation by the charging of Cl.

This circuit exhibited only a 0.02 Hz variation over the
temperature range of -40°C to +70°C. However,‘'the ex-
ponential rise of the 20 millisecond pulse is unsuitable
for triggering micrologic elements and current drain is
high (8.0 ms).

The output was changed to a square wave by slight modifi-
cation to the circuit (refer to Figure 15). ‘The frequency
varied from a low of 4.00 Hz at 70°C to 5.00 Hz at -40°C.
Although the temperature stebility was not as good &s the
circuit shown in Figure 14, voltage stahility was better.

A summary appears in Table I for comparison of the various
circuits.

The symmetric flip-flop was selected since it has low cur-
rent drain and good voltage stability.

Table I.
Temperature % Voltage Current
Variation Variation Drain

Circuit -40°C to +70°C | 3.0V to 5.0V | at -4t.5 V| Comments

Fairchild Unstable.

Micrologic 500 5.3 20 me High current

duel 2-input drain.

Fairchild Unstable.

Micrologic 35 5¢3 30 ms High current

Quad Inverter drain.

RCA Micro- Need two

logic Oper- 2.4 11.3 Did not voltage

ational Amp. measure. sOUrces .

Flip-Flop High current

Asymmetric 0.5 4.5 8 ma drain. 20 ms
pulse not
suitable for
blanking.

Flip-Flop

Symmetric 12.5 1.25 1l ma Fairly stable.
Low current
drain.
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b.

Sequencer

The sequencer consists of two Fairchild mricrologic flip-
flops and two 91k micrologic gates. Each 923 micrologic
element divides the output of the clock by two. Thus,
outputs are availeble et 4 Hz, 2 Hz, and 1 Hz. By com-
bining the 2 Hz and 1 Hz outputs with the 91k micrologic
“AND" gatee, four pulses are available with 250 milli-
second duration. These pulses are used to "turn on" the
switching transistors. The "ON" transistor determines
which sensor resistor is being used to control the fre-
quency of the met pulse generator. The pulses also give
the proper sequence for the meteorological pulse generator;
reference, temperature, humidity, and spare channel.

A 20 millisecond mcnostable multivibrator is slsved to the
b Hz clock tc provide blanking pulses. When the commutator
switches from one sensor to the next, the output of the
meteorological pulse generator is prevented from modulating
the 1.68 GHz transmitter. See Figure 16 for the timing dia-
gram of the solid state commutator.

Switching Transistors

The meteorological sensing elements must be switched in the
time constant circuit of the meteorological pulse generator.
This can be accomplished with reed relays or switching trans-
istors. Reed relays have almost zero contact resistance vhen
"ON" and almost infinite back resistance when open. They
would be ideal for use in the radiosonde applications except
for two major disadvantages:

1. Contact bouace
2. High coil power needed for operation.

The contacts in a reed relay are springs which distort in the
presence of a magnetic field. The force experienced by the
contacts when closing is sufficient to cause the contacts to
meke and break several times before remaining closed. During
this period of contact bounce (2 or 3 miliiseconds), the
sensor resistor would be switched in and out of the meteoro-
logical pulse generator circuit causing erratic operation.

A coil is needed to furnish the magnetic field for the reed
relays. During the time a relay is energized, the coil must
dissipate power (approximately 0.5 watt). This power drain
would necessitate a large battery for the sonde. A latching
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reed relay could be used, but at added expense. Several
types of switching transistors were tested in conjunction
with the meteorologicel pulse generator to find a suiteble
switching trensistor. Rather than attempting to measure
the "CN" resistance of a transistovr which could vary con-
siderably, & comperison was made f meteorological pulse . .
generator frequency with a toggle switch and various trans-

Wy

istor switches. The frequencies were selected by means of
8 variable resistance in the time constant circuit of the
meteorologicel pulse generator. The same value of resist-
ance for a given frequency with the toggle switch was used
to obtain the frequency reading with the various transistors
tested.
Shunting the meteorological pulse generator with an "open"
transistor did not produce eny frequency shift for any of
the above transistors.
Table II.
Frequency (Hz): 4,000 3,000 2,000 1,000 500
Switch Type:
Toggle Switch 4,000 3,000 2,000 1,000 500
2N2905A 4,000 3,000 2,000 1,000 500
ON3638 h,000 | 3,000 | 2,000 | 1,000 500 ‘
2N3903 3,996 2,997 1,998 999 k99
) 1
Table II indicetes either a 2N2905A or 2N3638 transistor could
be used without introducing error. However, these are p-n-p
units and two transistors would be required per sensor due to 1
the fact that the sensors must be switched to -4.5 volts. The
2N3903 unit is n-p-n, so only one of these per sensor 1s necess-
ary for switching. ’
See Figure 17 for the switching transistors circuit. L

The two Hz errors introduced by the 2N3903 results in & maximum
temperature error of 0.1°C at 40°C. This is much less than the
error introduced by truncating the temperature-reference ratio

1 et three decimal places in the data processor. The truncating
error Cor three decimal pleces is 0.17°C, which corresponds to a
Lk Hz frequency change.




QATING
214G,

—> TO PULSE GEN.

| :

/zSENSOR SENSOR SENSOR
2ZN3903 2N 3903 2N3903 2N3903
-v-’-— +
QATING QATING GATIN
SIG. S1G. SiG,
-4,5 VDC

Figure 17. Switching Transistor Circuit

Example: 2,000 _ 0.500
L,000
2,004 _ .
W = 0,501

Therefcre, any frequency change less than 4 Hz results in no
change in the ratio punched out by the Meteorological Date
Processor.

In eddition, the ML 419 thermistor to be used has an accuracy
of * 0.5°C. Thus, the error introduced by the switching trans-
istor is negligible.

Resistance of the ML 476 humidity element depends upon air
temperature as well as relative humidity. Meximum error in-
troduced by the switching trensistor is 0.2% relative humidity
at 25°C. The error introduced by truncating the humidity-ref-
erence ratio at three decimal places results in an error of 0.4
relative humidity. Accuracy of the humidity sensor is *5%
relative humidaty for humidities less than 20%. Again, the
error introduced by the switching transistor is negligible. Re-
fer to Figure 18 for the audio curve.
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1.68 GHz Transmitter

Originally four types of transmitters were considered:
a. Tunnel Diode Fundemental

b. Transistor Fundamental

¢. Transistor with Multiplier

d. Vacuum Tube

The maximum power thet could be realized from a tunnel diode with
reagonable current drain (200 ma) would be 12.5 mw. While this
transmitted power would be sufficient under ideal propegation
conditions, it would be merginal and provide unreliable communi-
cations under normal atmospheric conditions.

Microwave printed circuits can be used as the resonant circuit in
microwave oscillators. The oscillator circuit is basically a
tuned ccllector-tuned base circuit with the transistor operating
in a common collector configuration. Figure 19 rhows the equiva-
lent circuit.

Li Cl

UL

i

Figure 19. Equivalent Circuit




The resonant circuit composed of Ll and Cl can be represented
by a transmission line which is 1/4 wavelength at the resonant
frequency. (The emitter-collector capacitance is small enough
to be neglected.) C2 is the collector-base capacitance, there-
fore, the base circuit can be made ‘resonant at the. desired fre-
quency by adding an inductive transmission line. The condition
for parallel resonsnce dictates thet (Xg) must equel (Xp) at
resonance. A shorted ideal transmission line has an input
impedance which is purely inductive and expressed by the
equation:

ZNdZotan 34

where: Z = characteristic impedance
ﬂ = phase constant = .2._11. for an ideal) line
N

[ = line length.

The collector base capacitance can be determined from the trans-
istor specification sheet and the (X¢g) can be calculated from:

1
(¥e) = o

then (X¢) = (Xy) = (21y) = Zo tan Bf and £ can be determined.

C3 is the emitter-base capacitance and provides the feadback

path. R 1is the load presented to the transistor and is determined

by the value and the position of the external load from the shorted
end of the collector-base transmission line. If the external load

is known the position of the power tap from the shorted end of the

line can be determined from the equation:

External load = R sin2 BRT

where ,QT is the length of line from the shorted end of the base
collector line and R 1s the load presented to the transistor.

The physical layout of the bosrd follows a design bullt by Texas
Instruments. The configuration is & micro strip on 1/8" "Rexolite
2200." The design calculations were based on the 2.62 dielectric
constant of "Rexolite 2200." However, due to the unavailability

of "Rexolite 2200," "Custom Poly CR" was used. "Custom Poly CR" has
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has dielectric constant of 2.7, therefore, the actual frequency
was lower than the design frequency. Figure 20 shows the board.
(A half wavelength has been added to the collector-base line to
give a workeble dimension.)

£ COPPER
w Vs POWER TAP -

9
AN A A
A N
T‘\\\L\\X\\ . .

e ————]  |—~
.0CM 2.8Cm
- 1I5.2CmM -
Figure 20

Calculations indicated that the power tap should be 1/8" from
the end of the line to produce maximum power output from the
transistor. However, on the test model the tap was closer to
3/16" from the end of the line. This made it necessary to use
& 3-stub impedeance match to meke the transistor produce
appreciable pover.

The test model oscillated at 1.62 GHz and produced 150 mw output
when Vce = 25 volts and Vcb = 15 volts. When the voltage was
raised to Vce = 32.5 volts and Veb = 20 volts, the power output
was 225 mw and the frequency was 1.63 GHz.

The physical configuration of this unit does not lend itself to
the payload restrictions imposed by the Cricket Rocket, however,
although there are techniques availeble for reducing the size of
stripline devices, the cost of dielectric materials to achieve
this is quite high and the amount of developnent required to
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optimize the circuit was felt to be out of line with the intent
of the project.

Trensistor oscillators with multiplier are already on the market
(RCA, Western Microwave Laboratories, and Frequency Sources, Inc.)
end are now being employed in several types of metéorological
devices. Although these are currently quite expensive, th.: price
is expected to drop to eround $15.00 within the next two yeers.

These solid state transmitiers are characterized by their small
size, rugged construction end minimal nower supply requirements.
For these reasons, this type of transmitter is ideally suited to
the recoverable rocketsonde design.

Any comparison of iransmitter devices for the radiosonde design
must, of course, include an analysis of the vacuum tube cavity
oscillator. While it is true thet the vacuum tube transmitter
costs considerably less than solid state devices at the present
time, seversl additional features of the tube must be considered.
In the first place, the tube requires more power than the trans-
istor device. In fact, the filament power alone is not much less
than the total power required for the solid state transmitter. The
tube also requires a plate voltage supply so that the power supply
for s tube type transmitier must be larger and more expensive.
Some reduction in size can be achieved by using & dc-dc converter
to obtain the plate voltage rather than a B battery section, be-
cause the dc-dc converter components and added capacity in the low
voltage battery require less volume than & practical B battery.
This is the design approach that would have to be taken for the
rocketsonde where space is at a premium. However, a dc-dc con-
verter circuit including transformer, switching transistors and
associated circuit components would add approximately $17.00 to
the cost of a tube-type transmitter. The tube has thus lost its
only edvantage, cost, when considering the development of new
radiosondes where volume must be minimized.

Since the currently available transistor oscillator-multiplier

device is the choice for the rocketsonde, it will also be used in
the balloonsonde so that the two sondes will be as nearly alike

as possible. If the tube-type transmitter were to be used for the
balloonsonde, a different battery would be required as discussed
above. In addition, however, changes would be required to other
parts of the circuit. For example, with the solid state transmitter,
the remainder of the circuit is designed to operate from a negat+ve
supply, while the tube transmitter, the remainder of the circuit
should properly be designed to operate from a positive supply. While
this is not difficult, it does represent a difference in design.
Also, the pulse signal level required to modulate the two types of
transmitters is different which would necessitate other circuit
changes.
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The RCA S5190 solid state power source has been chosen since it
is the least expensive of the devices presently availabie. The
standerd S190 supplies at least 200 mw of power at 1.68 GHz at 1
25°C. 'fhe device is temperature-compensated to be frequency
stable within 4 MHz over the operating temperature range of 0°
to 70°C. Operation is possible below -30°C at the expense of
additional frequency shift. It is pointed out, however, that ‘
the temperature range to which a sonde will be exposed during 1
a particular flight is small so that the change in frequency

during a flight will not be appreciable.

The 5190 features & compact (1" diameter X 1.4" length), rugged
package which is capable of withstanding a shock of 1600 g's for
2 milliseconds, an acceleration of 200 g's for 10 seconds, and &
vibration of 20 g's from 20 to 2,000 Hz during operation, with
negligible frequency or power changes. The operating frequency
can be shifted * 10 Mz by meens of a single tuning screw access-
ible from the side. Provisions are included for frequency and
ON-OFF pulse modulation. The S190 is designed for 18-volt
operation to achieve optimum utilization of battery weight and
space allocation.

The frequency stability of the standard S190 is less than 2 MHz
shift with voltage changes from -12.5 to -11.5 volts.

See Figures 1 and 2 for a comparison of the batteries operated
under simulated load conditions.

Sensors
The ML-419 Temperature Sensor and the ML-4T76 Humidity Sensor are

used in both the Cricketsonde and the Balloonsonde as specified
in the project work statement.

Antennas

The Transmitting Antenne will be & one-quarter wave dipole with a
one-quarter wave counterpoise. The antenna system has & character-
istic impedance that is very close to 50 chms, thus providing a
good match to the 50 ohm output impedance of the 1.68 GHz solid
state power source. The VSWR will not exceed 1.5, thereby minim-
izing losses in the antenna system.

The receiving antenna is a 1/4 wave length insulated conductor for
the balloon package. The antenna is extended and attached tn the
lanyard prior to launch. For the rocketsonde package, before
launch, the receiving antenna is tied to the parachute lanyard,
folded and packed along with the parachute, in the parachute com-
partment. At apogee, the antenna is fully extended as the pare-
chute is deployed.
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8.

Power Terminator

In order to prevent interference from & previously released
sonde vwhen several sondes are launched in quick succession, a
pover termination device is provided. Two mechanical timers
wvere investigated for this purpose. One is the game timer used
in the Cricket Rocket to deploy the parachute at apogee, but
modified so that it could be set for any time delay up to ten
minutes; the other is a Swiss-made pocket timer that provides
up to & two-hour delay and is distributed in the United States
by an electronics supply house. Contact with the vendors indi-
cated that the Cricket-type timer would be less expensive than
the pocket timer.- It has, therefore, been selected for use in
the sonde design.

In addition to the cost advantage, the Cricket-type timer al-
ready incorporates e "g" switch that would be required for the
rocket application and has proved that it can withstand the
rocket-environment. For balloonsonde use, the "g" switch can

be tripped manually just prior to launch.
Refer to Figures 21, 22 and 23 for the mechanical assembly

drawings of the radiosonde and the sensor package and the com-
plete schematic of the umit.
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E. AN/GMD-4 DATA PROCESSOR MODIFICATION

TELEDYNAMICS MET, DATA PROCESSOR

1.0 Pu{gose

The purpose of this specification is to describe those changes
required in the Teledynamics Meteorological Date Processor to
meke it compatible with the Low-Level Eadiosonde.

2.0 Modifications

2.1 Cabinet ModiTicat.ions
2.1.1 Voltage-Controlled Oscillaetor

Purpose - To provide power to the additional circuitry
located on the modified VCO card.

Modification - Connect a wire from Pin E on the VCO
connector to the most convenient + 15 volt
terminal.

2.1.2 Integrating Amplifiers

Purpose - To change time constants and gain of inte-
grating amplifiers,

Modification - Install a rotary switch on the Processing
Drawer close to operational emplifiers 1 and 2.
Wire as shown in Figure 24.
2.1.3 Purpose - To reduce met. data pulsf from receiver to
100 usec.

Removg Add

C 1022 from V1008 pin 1 C1C22 to contact A of DPDT switch;
common terminal of switch to V1008
pin 1; add capacitor C10224 (62 pf);
one side to V1008, pin 7, other side
to contact B of switch. See Figure 25.

Add a wire between J-205, pin 7 and J-206, pin 15,
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FIGURE 25

RECEIVER MOD?FICATION
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2.1.4  Purpose - Addition of a counter to provide a
1 KHZ counting signal to the Reference
Detector counter.

Modification - Add the following wires:* (See Figure 26)

J203N to J215-B
J215-2 to J218-B
J218-F  to J208-k4
J208-2  to J215-P
J215-P to J21%-C
J215«C to J215-13
J215-13 to J215-J
J215-J to J218-J
J218-J  to J222-N
Je18-18 to J2l5-12
J215-12 to J215-1

2.1.5 Purpose - To modify the counter in the pulse
standardization circuit.

Modification - Add a wire from J205-4 to J206-15.
2.2 Card Modifications
2.2.1 Pulse Standardization
Purpose - To modify counter in Pulse Standardizer
circuitry so that a reset is initiated after
counting Forty-three 200 KHZ pulses instead
of eight hundred sixty 200 KHZ pulses as
presently rcguired.
Modification
Card J204; Remove wire from pin P to CRS,

add wire from CRS to pin J.
Card J205; Remove wires from pin P to CR5,

L
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25KHZ

J215 J218

J208

9999 §

IKHZ

3222

FIGURE 26

ADDITIONAL COUNTER TO PROVIDE A 1KHZ
SIGNAL TO REFERENCE DETECTOR

Ly

. - e

—/-“_

L Y




-

2.2.2

2.2.3

2.2.h

CR12 to pin C, and CR26 to pin 12. Add wires
between CRS (cathode) and pin J, cathodes of
CR12 and CR26 to pin 13.

Isolate pin 2 from circuitry.

Isolate nin H from circuitry.

Add a wire hetween TP2 end pin 2.

Ce- J206; This will be a blank jumper card.

Adu wires between pin B and pin H, and between
pin 15 and pin 7.

Card J208; Remove C5 (.0l ufd). Replace C5
with .0022 ufd.

Meteorological Data Envelope Detector - J209

Purpose - Reduce the integrator time constant from
350 usec to 17.5 usec. Reduce the pulse
width of the one-shot delay generator from
3.0 seconds to 0.15 second,

Modification - Replace €10 (2.7 ufd) with 0.135 ufd.
Replace Ch (50 ufd) with 2.5 ufd.

Missing Channel Detector - J210

Purpose - Reduce integrator time constant by a factor
of 20. Reduce period of delay generator to
.3 seconds.

Modification - Replace C5 (3.3 ufd) with 0.165 ufd.
Replace C5 (20 ufd) with 2.7 ufd.

Digital Reference Detector

Purpose - To increase the counting rate from 50 HZ
to 1000 HZ. This will be accomplished by
utilizing the 25 KHZ output on J203, adding
a five-stage counter, and utilizing a spare
one shot on J208. The new counter will be
preset to a count of seven and after twenty-
five additional counts will trigger the one-
shot which will serve as the input to th
Digital Reference Detector and as the reset
signal to the new counter.

WRND U S P,
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2.2.5

2.2.6

Modification - Add Binary Counter cards, Sonex type
2106~D (Dwg. No. 2217) in slots J215 and
J218. No modifications are required on
these cards.

Card J208 - Remove Cl1 (.0l ufd). Replace
Cll with .0025 ufd.

Card J222 - Remove CR10 from pin 7. Add
wire from CR10 to pin N.

Fall-out Detector During Reference Gate, J211

Purpose - To reduce the time constants in the integrator
circuit by a factor of twenty. Reduce the
period of the time delay generator from 1.5
seconds to 75 milliseconds.

Modification - Replace C2 (C..d ufd) with .033 ufd.
Replace Cl4 (20 ufd) with 1 ufd.

Reference Detector, Storage and Regeneration

Purpose - Modify BCD Reference Counter to generate a
reset after accepting 1000 pulses. Change
the counting frequency from 12.5 KHZ to 50 KHZ.
Reduce time delay of one-shot J222-F from 1.5
seconds to 60 milliseconds.

Modification - Card J226: Replace with jumper card with
pin B and pin 2 connected.

Card J203 - Isolate pin 2. Connect ;in 2 to TP2,

Card J222 - Replece C7 (20 ufd) with 1.0 ufd
capecitor.

Temperature, Humidity, and X-Channel Counters

Purpose - The tens, hundreds, and thousands positions of
the counters are now being sampled by the output
circuits and the data is punched on paper tape.
The modification will provide sampling of the units
tens, and hundreds positions of the counters.

Modification - Cards Jl, J5 and J30: Replace with jumper
cards with pin B and pin 2 connected.
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2.2.8 Modification to Timing for Punch Rate

Purpose - Maximum punch rate is now once every 6 seconds.
The new punch rate must be once per second.
Card J102 must be modified to divide by 2 and
Cerds J103 and J105 must be modified to divide

by 25.

Modification - J102 - Isolate pin H. Add a wire between
pin H and pin F.

J103 - Remove CR12 from pin C. Add jumper from
CR12 to pin P.

J105 - Remove CR5 from min P. Add jumper from
pin 12 to cathode of CR5.

Isolate pins N and 1hk from circuitry. Add
jumpers between pins N and F and pins 14 and 6.

2.2.9 Programming Connector

Purpose - To provide substitute Program Connectors P93
and P193 so that the programming of the MDP
will be compatible with the Low Level Radiosonde.

Modification - See Tables I and II for wiring information
of P93 and P193.

oy




1I.

III.

7-13
13-14
14-15
15-21

21-22

8-23
23-66
66-67
67-T3

29-30
30-31
31-32
32-33
33-3k
3477

10-k1
L1.k2
h2-k3
b3~k

TABLE I. WIRING FOR P93 IN GROUPS
1-17 v. 11-h9
2-18 k9-5¢
3~78 50-51
5-25 51-52

T6=26 52-53
17-27 VI. 12-28
72-78 28-59

b7l 59-60
25=70 60-Th
35-27
36-18
37-72
38-71
39-T0
Lo-26
36-k45
37-46
38-b7
39-48

W8

35-54
55-U5
46-56
b7-57
48-58

5462
55-63
56-6ls
57=65

R




Wire

Wire

Wire

Wire

Wire

Wire

Wire

Wire

Wire

Wire

Wire

70 to Th
7 to T3
T6 to T1

14 to
13 to

15 te
16 to

n - &=

39 to 15
B to 34

17 to 10
18 tc 1

20 to 17
36 to 3B

22 to 11
21 to 36

25 to 12
26 to 5

23 to 25
2k to 21

27 to 37
28 to 18

32 to 27
33 to 28

Table 2. Wiring for P193

Spare Channel in Block No. .3
Humidity Channel in Block No. 1
Temperature Channel in Block No. 2

Space after Humidity j
Space after Humidity

Space after Temperature
Space after Temperature

Space after Spare Channel
Space after Spare Channel

Space after Range
Space after Range

Space after Elevation
Space after Elevation

Space after Hz
Space after Hz

Carriage Feturn
Carriasge Return

¢/R
¢/R

L/F +

L/F

Seq. Stop Gate
Seq. Stop Gate

e
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VOLTAGE CONTROLLED OSCILLATOR

The requirements for the Voltage Controlled Oscillator in the
Low Level Sounding System are to oscillate over a frequency
range of zero to 20 KHZ with an input voltage range of zero
to +10 volts, and to provide & positive-going output signal.
Since the VCO presently used has a meximum operating frequency
of 10 KHZ, it is necessary to replace it with an oscillator
which conforms to the new specification.

The Vider VCO, Model 211-07, which has & frequency range of
zero to 50 KHZ was selected as the replacement unit. The
negative output of the Model 211~-07 is converted to a positive
pulse by a single-transistor level changing circuit. The
frequency range is changed to zero to 25 KHZ by the addition
of a flip-flop which is drliven by the level changer. The
frequency range is adjusted to zerc to 20 KHZ by increasing
the value of one of the operational amplifier summing
resistors.

Complete information on the modification of the VCO card is
given in The Bendix Corporation's Environmental Science
Division drawing number 241049k,

50




1.0

2.0

Puzgose

SONEX MET. DATA PROCESSOR

The purpose of this specification is to describe those changes
required in the Sonex Meteorological Data Processor to make it
compatible with the Low Level Radiosonde.

Modifications
2.1 Cabinet Modifications
2.1.1 Voltage-Controlled Oscillator
Purpose - To provide power to the additional circuitry
located on the modified VCO card.
Modification - Connect a wire from pin E on the VCO
connector to the most convenient + 15 volt
terminal.
2.1.2 Purpose - To reduce met. data pulse from receiver to
100 usec.
Modification
Remove Add
€1022 from V1008 pin 1 C1022 to contact A of DPDT
swit:h; common terminal of
switch to V1008 pin 1; add
capacitor C1022A (62 pf);
one side to V1008, pin 7,
other side to contact B of
switch. See Figure 27.
2.1.3 Purpose - Addition of a counter to provide a 1KHZ

counting signal to the Reference Detector
counter.

Modification - Add the following wires: (See Figure 28).
J203-N to J216-B
J216-2  to J217-B

JoL7-F  to J208-k

51
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22X 4700 S.6M
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4700
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Figure 27.
Receiver Modification
25 KH2
J203 J2\e —@ J217 J208
TP P Y ?
L
- J222
Figure 28.

Additional Counter to Provide a 1KHZ
Signal %o Reference Detector




J208-2 to J216-P
J216-P to J216-C
J216-C to J216-13
J216-13 to J216-J
J216-J to J212-7
JP1T-J to J222-N
J217-18 to J216-12
J216-12 to 4ecl6-1
2.1.4 Add a wire between J205, pin T and J206, pin 15.

2.1.5 Purpose - To modify the counter in the pulse standardi-
zation circuit.

Modification - Add a wire from J205-4 to J206-15.
2.2 Card Modifications
2.2.1 Pulse Standardization
Purpose - To modify counter in Pulse Standardizer
circuitry so that a reset is initiated
after counting forty-three 200 KHZ pulses
instead of eight hundred sixty 200 KHZ
pulses as presently required.

Modification - Card J204 - Remove wire from pin P to
CR5; add wire from CR5 to pin J.

Card J205 - Remove wires from pin P to CR5,
CR12 to pin C, and CR26 to pin 12, Add
wires between CR5 (cathode) and pin J,
cathodes of CR12 and CR26 to pin 13.
Isolate pin 2 from circuitry.

Isolate pin H from circuitry.

Add a wire between TP2 and pin 2,
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J208-2 to J216-P
J216-P to J216-C
J216-C to J216-13
J216-13 to J216-J
J216-J to J212-7
JP17-J  to J222-N
J217-18 to J216-12
J216-12 to uclé-1
2.1.k Add a wire between J205, pin T and J206, pin 15.

2.1.5 Purpose - To modify the counter in the pulse standardi-
zation circuit.

Modification - Add a wire from J205-4 to J206-15.
2.2 Card Modifications
2.2.1 Pulse Standardization
p Purpose - To modify counter in Pulse Standardizer
circuitry so that a reset is initiated
after counting forty-three 200 KHZ pulses

instead of eight hundred sixty 200 KHZ
pulses as presently required.

Modification - Card J204 - Remove wire from pin P to
CR5; add wire from CR5 to pin J.

Card J205 - Remove wires from pin P to CR5,
CR12 to pin C, and CR26 to pin 12, Add
wires between CR5 (cathode) and pin J,
cathodes of CR12 and CR26 to pin 13.
Isolate pin 2 from circuitry.

Isolate pin H from circuitry.

Add a wire between TP2 and pin 2,
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Card J206 - This will be a blank jumper card.

Add vires between pin B and pin H, and between
pin 15 and pin 7.

Card J208 - Remove C5 (.01 ufd). Replace C5
with .0022 ufd.

2.2,2 Meteorological Data Envelope Detector - J209

Purpose -~ Reduce the integrator time constant from 350
usec to 17.5 usec. Reduce the pulse width of
the one.shot delay generatcr from 2.0 seconds
to 0.10 seconds.

Modification - Replace €10 (2.7 ufd) with 0.135 ufd.
Replace Ch {50 ufd) with 2.5 ufd.

2.2.3 Missing Channel Detector - J210

Purpose - Reduce integrator time constant by a factor
of 20. Reduce period of delay generator to
.3 seconds.

Modification - Replace C5 (3.3 ufd) with 0.165 ufa.
Replace C5 (20 ufd) with 2.2 ufd.

2.2,k Digital Reference Detector

Purpose ~ To increase the counting rate from 50 HZ to
1000 HZ. This will be arcomplished by uti-
lizing the 25 KHZ output on J203, adding a
five-stage counter, and utilizing a spare one-
shot on J208. The new counter will be preset
to a count of seven and after twenty-five
additional counts will trigger the one-shot
vhich will serve as the input to the Digital
Reference Detector and as the reset signai
to the new counter,

Modification - Add Binary Counter cards, Sonex type
J2106-D (Drawing No. 2217) in slots J216 and
J217. No nodifications are required on these
cards.

Card J208 - Remove Cll (.01 ufd). Replace
Cll with .0025 ufd.

Card J222 - Remove CR10 from pin 7. Add
wire from CR10 to pin N.
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2.2.5

2.2.6

2.2.7

2'2.8

Fall-out Detector During Reference Gage, J2li

Purpose - To reduce the time constants in the integrator
circuit by a factor of twenty. Reduce the
period of the time delay generator from 1.0
secon’ to 50 milliseconds.

Modification - Replace C2 (0.68 ufd) with .033 ufd.
Replace C4 (20 ufd) with 1 ufd.

Reference petector, Storage and Regeneration

Purpose - Modify ECD Reference Counter to generate a
reset after accepting 1000 pulses. Change
the counting frequency from 12.5 KHZ to 50
KHZ. Reduce time deley of one-shot J222-F
from 1.5 seconds to 60 milliseconds.

Modification - Card J226 - Replace with jumper card
with pin B and pin 2 connected.

Card J203 - Isolate pin 2. Connect pin 2
to TP2.

Card J222 - Replace C7 (20 ufd) with 1.0 ufd
capeacitor.

Temperature, Humidity, and X-Channel Counters

Purpose - The tens, hundreds, and thousands positions
of the counters are now being sampled by the
ovtput circuits and the data is punched on
paper tepe. The modification will provide
sampli= - Jf the units, tens, and hundreds
positions of the counters.

Modification - Card J215 ~ Replace with jumper card
with pin B and pin 2 connected.

Modification to Timing for Punch Rate

Purpose - Maximum punch rate is now once every 6 seconds.
The new punch rate must be once per second.

Card J102 must be modified to divide by 2 and

Cards J103 and J105 must be modified to divide
by 25.
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2.2.9

2.2.10

Modification - J102 - Isolate pin H. Add a wire between
rin H and pin F.

J103 - Remove CR12 from pin C. Add jumper
from CR12 to pin P. ’

J105 - Remove CR5 from pin P. Add Jjumper from
pin 12 to cathode of CR5. Isolate pins N and
14 from circuitry. Add jumpers between pins
N and F and pins 14 and 6.

Integrating Amplifiers - J219

Purpose - To change the time constants of the integrating
amplifiers.

Modification - Remove Ch (.33 ufd); replace with .015 ufd.
Remove C5 (.01 ufd); replace with .510 pf.
Progranming Connector
Purpose - To provide substitute Program Connectors P43
and P193 so that the programming of the MIP
will be compatible with the low level radicsonde.

Modification - See Tables I and II for wiring information
of P93 and F193.
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TABLE I. WIRING FOR P93 IN GROUPS

1. T-13 1-17 V. 11-hg 35-54
13-1h 2-18 kg-50 55-45
1h-15 3-78 50-51 46-56
15-"1 5-25 o1-52 b7-57
21 > T6-26 5253 148-58
II. 8-23 17-27 vIi. 12-28 S5h-62
23-66 T2-78 28-59 95-63
66-67 b7l 59-60 5664
67-73 25-70 6=l 57-65
111, 29-30 35-27
30~31 36-18
31-32 37-72 T
32-33 38-71
33-34 39-70 |
3477 40-26 }
i
. 10-41 36-45
h1.42 37-h6
h2-h3 38-h7
L3-bh 39-48
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Wire

Wire

Wire

Wire

Wire

Wire

Wire

Wire

Wire

Wire

Wire

T0 tc
17 to
76 to

ik to
13 to

15 to
16 to

39 to !

B to

17 to
18 to

20 to
36 to

22 to
21 to

25 to

26 to’

23 to
24 1o

27 to
28 to

32 to
33 to

Th
73
(¢!

N

Table 2.

Wiring for P193

Spare Chennel in Block No. 3
Humidity Channel in Block No. 1
Temperature Channel in Block Ko. 2

Space after Humidity
Space after Humidity

Space after Temperature
Space after Temperature

Space after Spare Channel
Space after Spare Chennel

Space after Range
Space after Range

Space after Elevation
Space after Elevation

Space after Hz
Space after Hz

Carriage Return
Carriage Return

¢/R
c/r

e

Seq. Stop Gate
Seq. Stop Gate




VOLTAGE CONTROLLED OSCILLATOR

The requirements for the Voltage Controlled Oscillator in the
Lew Level Sounding System are to oscillate over a frequency
range of zero to 20 KHZ with an input voltage range of zero
to +10 volts, and to provide a vpositive-going output signal,
Since the VCO presently used has & maximum operating frequency
of 10 KHZ, it is necessary to replace it with an oscillator
vhich conforms to the new specification,

The Vidar VCO, Model 211-07, vhich has & frequency range of
zero te 50 KZ was selecied as the replacement unit., The
negative output of the Model 211-0T7 is converted to a positive
pulse by a single-transistor level changing circuit. The
Trequency range is changed to zero to 25 KHZ by the addition
of a f1lip-Tflop which is driven by the level changer. The
frequency range is adjusted to zero to 20 KHZ by increasing
the value of one of the operetional amplifier summing
resistors.

Complete Information on the modification of the VCO card is
given in The Bendix Corporation's Environmentsl Science
Division drawing number 241049k,
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F.

G.

CRICKET ROCKET

l.

General

The Cricket Rocket (Cold Rocket Instrument Carrying Kit) is an
economical aeridi reconnaissance unit designed to aid in the
study of the lower atmosphere. The system was designed and
manufactured by Texaco Experimental Incorporated of Richmond,
Virginia.

The system was designed to carry a payload to a predetermined
altitude and then to safely return the vehicle, by means of a
parachute, to earth. The two major parts of the system are the
rocket and the launcher.

One of the most important features of this system is tha’ the
propellant produces no flame and therefore no heat. In audition,
the propellant requires no special handling techniques, and has
an indefinite storage life and is commercially available at low
cost.

The rocket consists of a payload section (low level radiosonde),
a recovery section and motor section.

FLIGHT TEST RESULTS

1.

The participants during the flight tests of the Low Level Sounding
System at the Air Force Eastern Test Runge, Cape Kennedy, Florida,
the week of June 5, 1967, were as follows:

Captain T. Smith CREU-AFCRL

Mr. R. Betz Bendix ESD

Mr. J. Wills Bendix ESD

Mr. R. Ramirez Bendix ESD

Mr. D. Nolte Texaco Experimental Inc.
Mr. J. Davis Pan Am

Mr. R. Stickland Pan Am

Mr. O. Daniels Pan Am

Analysis of these flight test results indicated two major problem
areas, One of these was attributed to an incompatibility between
the RCA S-190 transmitter and the GMD-2 recerver. The automatic
frequency control mode of operation of the GMD-2 receiver was not
capable of being used because of its bandwidth and slow response
time characteristic. It seemed apparent that the S-190 transmitter
frequency drift was greater than 450 KC either side of the carrier
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frequency, causing the AFC of the GMD-2 receiver to lose frequency
lock and drift to its upper frequency limit. As a result of this
condition, it was necessary to manually tune the GMD receiver to
maintain frequency lock throughout the radiosonde flights.

A m=chanical problem was encountered with the rocketsonde version.
The original design of the radiosonde (rocket version) required
the nose cone to physically drop from the radiosonde unit at
approximately T + 15 seconds (apogee) with only gravitational
forces providing the separation. This approach was not feasible
because of the lack of uniformity of nose cone and radiosonde case
dimensions. In conjunction with the above approach, a field replace-
able S-190 transmitter quick disconnect and connect antenna was
provided., This was necessary due to the drop-off nose cone design
for the recoverable and reusable radiosonde d-~<ign philosophy,
whereby the transmitter antenna received damage on impact with the
surface.

Captain T. Smith and Bendix personnel agreed to those areas requir-
ing additional investigation before further flight testing.

The flight test data accumulated was reduced and documented by
Captain G. Canning, CRER-AFCRL and is presented in tabulated form
in the following:
Low Level Soiie System Flight Tests
June 7-9, 1967

palioonsondes - U4t Flights (Summary)

Average time before acquiring good meteorological
data .75 seconds

Average time hefore acquiring good range and angle
information 39.75 seconds

Wunber of sets of unusable met data vs. number of
sets of data considered starting when usable met
data acquired:

At approximately T + 5 minutes

(#11, 10, 5 and 7) 34/1108 =  3,069%

At approximately T + 10 minutes
(#11, 10 and 7) ©1/1799 = 1.167%

At termination at approximately
T + 11 minutes (#11, 10 and 7) 22/1986 = 1.108%




Number of sets of unusable met data vs. number of sets of data
considered starting when first usable range data acquired:

At spproximately T + 5 minutes
(#11, 10, 5 and 7) 8/952

I

0.840%

At approximately T + 10 minutes

(#11, 10 and 7) 0/1669 0.0%

“n

At termination at approximately
T + 11 minutes (#11, 10 and 7) 0/1856

0.0%
Average of maximum variation of spare channel ratio:

Not including questionable data acquired = .00375
Including questionable data acquired = .00525

Number of data jumps in fine ranging
== 20 yards/second vs. number of sets
of data considered h9/1846 = 2.6544

Average of maximum data jumps in fine
ranging 35.5 yards/second

Maximum questionable changes in
temperature data ratio .005

Maximum questionable changes in
hunidity data ratio .060, .031 aad .026

The above summarized data was obtained from the following test
data of individual radiosondes:

Balloonsonde Seriul #11

Met Data
Time before acquiring usable met date T + O seconds
Sonde iLransmission termination time T + 10,1 minutes

Number of sets with unusable met data vs. number of sets of
met, data considered at:

T + 5 minutes - 1/300 = .333%
T + 10 minutes - 1/600 = .167%
Termination - 2/609 = .3289

Number of sets with unusable met data vs. number of sefs
considered starting when usable range data acquired:

T + 5 minutes =~ 0/265 = .0%
T + 10 minutes -~ 0/505 = .,0%
Termination - 1/574 = 0.17%

Largest quertionable data jump in temperature
ratic - 702 to 6Y7 = 5
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Largest questionable data Jump in numidity

ratio - 206 to 266 = (60)
High spare channel ratio 504

Low spare channel ratio 497

Ranging Data

Time elapsed before uscble fine ranging signal = T + 35 seconds.

Data jumps in fine ranging == 20 yards after T + 35 seconds =
5 in 572 printouts.

. Maximum data jump in fine ranging after T + 35 seconds =
31 yards (680 - 711).

Course range data jumps 000 t¢ 104 after 1 - 2 seconds.

Course range data accumulated correctly but off by 104 X yards
from T + 2 seconds on. Maximum course range change occurred at
T + 33 to T + 34 seconds. 207 to 266

Angle data Jumps None
Balloonsonde Serial #10

Met Data
Time before acquiring good met data T + 1 second
Sonde transmission termination time T + 11 minutes

Number of sets with unusable met data vs. number of sets of
met data considered at:

T + 5 minutes - 1/299 = .33%
T + 10 minutes - 1/599 = .17%
T + 10.99 minutes - /659 = .15%

Number of sets with unusable met data vs. number of sets
considered starting when usable range data acquired.

T + 5 minutes - 0/2TL = 0%
T + 10 minutes - 0/571

i
=
=

| . Termination - 0/631

u
o
=R

. There were no questionable data jumps in temperature or humidity.
Spare channel prir*out range 501 to 504

Rang.ng Data

Time elapsed before usable ranging data = T + 29 seconds.

Maximum fine range jumps after T + 29 seconds = 30 yards/second.
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Number of data jumps = 2C yards after T + 29 seconds =
7/630 = 1.119,. —
Cmrse ranging data jumps:

0G0 102 at T + 29 - 30 seconds

103 106 at T + 402 - 403 seconds

Coarse ranging usable data after T + 403 seconds.

After T + 659 seconds, no tomperature or spare channel data
received.

Humidity data still constant.
Ranging data jumps in 35 to 40 yard increments.

Azimuth angle jumps 180° to 193° at T + 10 - 11 seconds.

" Balloonsonde Serial #5
Time elapsed before acquiring good data T + 2 seconds
| S Sonde data transmission termination T + 672 seconds

‘ . No met data received after T + 210 seconds.

Number of sets with unusable met data vs. number of sets of
met data considered at.

T + 2 to T + 210 seconds 13/209 = 6.22%
T + 28 to T + 210 seconds 8/183 = 4.37%
Erratic data jumps in temperature data were obviously bad. ‘
Maximum data jumps in humidity printout 536 to 505 = 31 !
Ranging Data |
Maximum data jumps in ranging data after T + 28 seconds: ]
2858 to 2914 yards = 56 yards
Maximum data jumps == 20 yards occurring
between T + 26 to T + 671 seconds 37/643 = 5,75%

Low~High spare channel printouts Log « 503
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Maximum Azimuth Angle data jumps 188.4° to 197.85°
Maximum Elevation Angle data jumps 12.67° to 19.33°

Even though met data appeared to be good at T + 2 seconds, the
data jumps in angle information indicated that the GMD unit was
rot on target. This might explain some of the unusable data
accumulated at T + 17, 18, 24, 25 and 26 seconds. Using this
assumption, the GMD receiver was then manually tuned for the

[ SR

JUPSIES NN

remainder of the flights and the AFC problem with the system was
diagnosed.
Course ranging data jump from 003 to 006 occurred at T + 577 !
ard T + 578 seconds. 1
: At T + 327 seconds, no range, angle, or time printouts occurred. :
| {
; At T + 335 seconds. printout started with range, angle and time
| of T + 327.
| Next good range, angle, and time printout occurred at T + 33€
seconds.
Balloonscnde Serial #7
Met Data
Time elapsed before acquiring good data T + O seconds
Sonde data transmission termination T + 718 seconds
Number of sets with unusable met data vs. number of sets of met
data considered at: {
' T + 5 minutes 19/300 = 6.33%
. T + 10 minutes 19/600 = 3.17% '
‘ T + 11.95 minutes 19/718 = 2.65%
; Number of sets with unusable met data vs. number of sets
’ considered starting when useble range data acquired: L
T + 5 minutes 0/233 = 09
T + 10 minutes 0/533 = 0%
T + 11,95 minutes 0/151 = 04

Maximum data jump in temperature ratio printouts--data jumps
occurring were obviously bad.

Maximum data jump in humidity ratio printout Lo2 - 428

Low-High spare channel ratio printouts 500 - 504
Ranging Data
Elapsed time before usable ranging data acquired = T + 67 seconds.
N Data jumps in fine ranging = 20 vards after ;
T + 67 seconds 3/650 = .46%
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Maximum data jumps in fine ranging occurred between T + 167
and T + 168 seconds: '

1201 - 1226 = 25 yards

At beginning of flight, in coarse range printout were 4 sets
of numbe.'s reading 999(9--) from T + 5 to T + B seconds.

Operation of the system indicates switching between coarse
range and fine range can cause an “nternal error in the GMD
readout as evidenced from the flight test data recorded.
When going from 999997 to 000078 the latter reading was
indeterminate. -

After T + 67 seconds, coarse ranging data was usable.

Maximum angle data jumps in elevaticn 9.&&0 to 18.710 = 9.27o

Maximum angle data jumps in azimuth 163.47° to 173.4° = 9.93°

Printout data for this balloonsonde indicated that release
occurred at T + 46 seconds although ranging data began
accurmlating at T + O seconds.

Rocketsondes (Summary of 2 Flights Considered)

Sondes, serial numbers 1. and 12, were considered out of 3 flights
conducted. The third sonde provided no usable data. It was during
tne third test flight, that the original design drop-off nose cone
became detached from the unit on ascent. Hopes of recovering the
unit to determine cause were shattered when the unit landed in the
ocean about 200 yards offshore. After discussion between

Captain Smith and Bendix personnel, it was assumed that cause of
failure be attributed to bending over of the RCA S-190 transmitting
antenne and destruction of the sensors when the nose cone was
ripped from the unit on ascent. None of the three rocketsondes
flight-tested provided usable ranging information. The same
parties investigated this problem at the site as a low signal level,
coupled with the AFC problem previously mentioned. Both of these
were to be investigated further by Bendix.

Average elapsed time before acquiring
usable met data T + 54 seconds

Average sonde transmitting termination
time T + 273.5 seconds

Number of sets of uwmsable met data vs. number of sets of met
data considered starting with first usable data acquired:

15/438 = 3.k2Lq,

Average maximum variation of spare
chamnel ratio 0.00250
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Ranging Data
No usable ranging date accumulated.

Average maximum elevation angle of 15.44° at an average time
of T + 14.5 seconds.

The above swmmarized data was obtained from the following test
data of individual rocketsondes:

Rocketsonde Serial #1

Met Data
Time before acquiring usable met data T + 33 seconds
Sonde transmitting termination time T + 275 seconds

Number of sets of unusable met data vs. number of sets of
met data considered starting with first usable deta
acquired:

h/eh2 = 5,79%
Low-High spare channel ratio printout 504 - 506

Temperature and humidity data jumps observed were obviously
in error.

Ranging Data

No usable ranging data acquired.

Fine range data changed only a maximum of 18 yards in 54 seconds.
Cosrse range data was very errsatic.

Maximum elevation angle recorded was 15.23° at T + 15 seconds.

Rocketsonde Serial #12

Met Data
Time before acquiring usable met data T + 75 seconds
Sonde transmission termination time T + 272 seccnds

There were no questionable data jumps in the temperature or
humidity data acquired.
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Low-High spare channel ratio printout 504 - 507

Number of sets with unusable met data vs. number of sets of
data consijered from first usable data acquired:

1/190 = .51%
Ranging Data

The system did not function properly in either coarse or fine
ranging modes. The weak ranging signal being transmitted from
the sonde was the apparent problem here.

Maxinum elevation angle recorded was 15.64%at T + 14 seconds.

2. The participants of the second flight tests conducted at Cape
Kennedy, Florida during the week of October 3, 1967 were:

Captain T. Smith CREU-AFCRL
Mr. R. Betz Bendix ESD
Mr. J. Wills Bendix ESD
j Mr. D, Nolte Texaco Experimental Inc.
Mr. R. Ramirez Bendix ESD
Mr, J. Davis Pan Anm
Mr. R. Stickland Pan Am
Mr. O. Daniels Pan Am

After investigating those problem areas evidenced during the first
flight tests conducted, Bendix made redesign changes to the nose

¢ ne, the RCA S-190 transmitter antenna and input circuitry, end

the balloon case design. Bendix and the U. 8. Air Force personnel
then returned to the Air Force Eastern Test Range to conduct further
t.ests, The results of these tests are as follows:

Low Level Sonde System Flight Tests
October G-=11, 1967

. Balloonsondes - 7 Flights (Summary)

N Average time before acquiring usabl::
met data T + 27.14 seconds

Average time before acquiring usable
ranging dala T + 21,017 seconds
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Number of sets cf unusable met data vs. number of sets of
met data considered after first usable met data acquired:

T + 5 minutes 139/1827 = 7.61%
T + 10 mirites 294/38355 = T7.67%
Termination (4 Flights) 296/2516 = 11.76%

Number of sets of unusable met data vs. number of sets of
data considered after first usable ranging data acquired at:

T + 5 mirutes (4 Flights) 73/811 = 9.00%
T + 10 minutes (3 Flights) 178/1771 = 10.404
Termination (2 Flights) 171/1229 = 13.91%

Average of maximum variation in spare channel ratio:
With only usable data .00400
Including questionable data  .0067L

Number of data jumps in fine ranging == 20 yards/second vs.
number of sets of data considered: (6 Flights)

3¢"/3597 = 8.56%

| _T' Average of maximum data jumps in fine rangirn_:
39.9 yards/second

Rocketsondes - 5 Flights (Summary)

Average time before accuiring usable
met data T + 12 seconds (4 Flights)

Average time before acquiring usable
ranging data T + 2 seconds

Number of unusable dasta sets vs. number of data sets considered
from beginning of usable data:

152/1069 = 1h,22% (b Flights)

Sonde transmission termination time T + 276.2 seconds
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Average maximum variation of spare channel with:

Usable data only .0040 (3 flights)

Questionsble data included .00725 {& flights)
Number of data jumps in fine ranging === 20 yards/second vs. <
number of data sets considered: .
18/1296 = 1.39% (5 flights) j
Average of maximure data Jumps in fine
ranging 37.0 yards (4 flights)
Average of maximum elevation angles 17.88°% at average time

of 15 seconds

Average of payload apogee times @
maximum elevation angle occurrence T + 14.9 seconds

The above balloonsonde flight test summaries were derived from the
following individual sonde flights:

Balloonsonde Serial #i8

Met Data

Good met data at T + 26 seconds

Good range and angle data at T + 53 seconds

Sonde termination time T + 674 seconds |

Unusable met data vs. number of data sets considered starting
when good met data acquired:

T + 5 minutes - 14/27% = 5.11%
T + 10 minutes =~ 15/57h = 2.61%
T + 11,2 minutes - 16/648 = 2.h79

Unusable met data vs. number of dats sets considered starting
when good ranging data acauired:

T + 5 minutes -~ 9/247 = 3.644
T + 10 minutes - 10/5k7 = 1.83%
7 + 11.2 minutes - 11/621 = 1.77%
< Low-High spare channel printout 498 - 503

L Meximumn temperature data jumps at T + 469 - T + 470 = ,010,
Maximum humidity date jumps at T + 53 - T + 54 = ,020,
Ranging Data

Ranging date jumps = 2C yards/second after T + 52 seconds:

91/620 = 1h,68%
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Maximum ranging data Jump 52 yar~ds
Coarse ranging good between T + 53 and T + 316 secords.
Coarse ranging not usable after T + 3i6 seconds.
Maximum angle dats jumps: Elevation 8.53°
Azimuth 10.22°

Balloonsonde Serial #13

Met Data

Good met data at T + 29 seconds (temperature and humidity
at T + 15).

Good range and angle data T + 17 secounds
Termiration time: Met data T + 528 seconds
Range data T + 572 seconds

Unusable met data vs. number of data sets considered at:

T + 5 minutes Lo/271 = 14,764,

Termination ho/h99 = 8.42%
Low-High spare channel 496 - 502
Temperature data jumps None

Humidity data jump from T + 115 to T + 117 = .026.

Ranging Daca

Data jumps in fine range = 20 yarus/second after T + 17 seconds:
59/554 = 10.65%

Maximum data jump in tine range 37 yards

Maximum data jump in coarse range None

No significant angle data jumps.

Meny channel shifts occurred in data printout., Majority of these
were gpere channel tc temperature and temperature to humidity.
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Balloonsonde Serial #6

Met Data

Good met data at T + 21 seconds
Good ranging and angle at T + 23 seconds
Termination time T + 631 seconds

Unusable net data vs. number of data sets considered at:

T + 5 minutes 6U/279 = 22.944

T + 10 minutes 160/579 = 27.63%

Termination 160/610 = 26.23%
Low-High spare channel 491 - 508

Maximum temperature data jump at T + 713 - 71k = 01k,
Maximum humidity data jump at T + 351 - 352 = Ollh,

Ranging Data

Data jumps in range == 20 yards/second after T + 23 seconds:
102/607 = 16.8%

Maximum renge data jump at T + 402 - 403 = 54 yards.

No usable coarse rang; data acquired.

Erroneous number value of 599 printed out in spare channel four

successive printouts while remaining channels exhibited good

usable data.

ialloonsonde Serial #9

Met Data

Good met data at T + 7 seconds
Gocd range data at T + 13 seconds
Termination time T + 2LLL seconds

(40,7 minutes)
This sonde was released without setiing the 10 minute timer so as

to obtain data in excess of the design requirement. The GMD data
processor was also set to provide interval printouts. Unusual
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breaks in data translation occurred during this flight which can
be traced to either loss of high refurence, or the met data
processor subsystem.

Urusable met data va. number of data sets considered at:

T + 5 minutes 0/293 = 0% \

T + 10 minutes 8/593 = 1.35% K
Low-ligh spare channel printout 500 « 503
Temperature data jumps None
Humidity data jumps None

Ranging Data

Data jumps in ranging = 20 yards/second not meaningful with

the large number of breaks in data.

Maximum data jump in ranging at T + 546 to T + 547 seconds = LO yards.
Number of angle data jumps None

Balloonsonde Serial #1L

et Data
Good met data at T + 47 seconds |
Good range data at T + 18 seconds

Termination time at T + 580 seconds q

Unusable met data vs. number of data sets considered at:

T + 5 minutes 2/253 = .79% i
Termination 2/533 = .38¢% 1
Low-High spare channel printout 502 - 504

Ranging Data

Data jumps in range = 20 yards/second after T + 18 seconds:
30/561 = 5.35%

Maximum date gump in range at T + 192 - 193 seconds = 32 yards.

Coarse rauge data satisfactory except for printouts between
T + 6 to T + 1% seconds at 50GI(--).

Number -1 ang 1o data jampo None
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Ballounsonde Serial #8

Met Data
Good met data at
Good range data at

Termination time

Unusable met data vs. number of data sets

T + 26 seconds
T + 11 seconds
T + 618 seconds

considered at:

T + 5 minutes 5/191 = 2,62%
T + 10 minutes 19/491 = 3.87%
Termination 19/509 = 3.73%

No data received from T + 213 to T + 295 seconds.

Low-High spare channel printouts 495 - 500
Number of temperature data jumps None
Humidity data jumps at:

T + 308 to T + 309 seconds 101

T + 309 to T + 310 seconds okl

Ranging Data

Number of range data jumps => 20 yards/second after T + 11 seconds:
12/606 = 1.98%
Maximum range data jump at T + 493 - LOU = 37 yards.

Coarse range data satisfactory except fer times T + 2 through
T + 9 seconds.

Number of significant angle data jumps None

A considerable number of zero data sets were evident ¢n printout~-
appear to be extra-high reference pulses.

Balloonsonde Serial #17

Mct Dura
Good met data at T + 34 seconds
Good range data at T + 12 seconds




Termination time T + 783 seconds

Unusable met data vs. number of data sets considered at:

T + 5 minutes 14/266 = 5.26%.

T + 10 minutes 48/566 = 8,.8¢

Termination 101/749 = 13.48¢%
Low-High spare channel printout 502 - 506
Number of temperature data Jumps None

Humidity datae jumps at:

T+ 210 - T + 211 seconds 035
T+ 211 - T + 212 seconds 023
T + 212 - T + 213 seconds 051

Ranging Data

Number of range data jumps = 20 yards/second after T + 12 seconds:
14/770 = 1.82%
Meximum range data jump at T + 203 - 204 seconds = 27 yards.
Coarse range data satisfactory.
Number of angle data jumps None
The following individual rocketsonde data was used to compile the
rocketsonde summary sheet found at the beginning of this flight

test sequence:

Rocketsonde Serial #19

Met Data

No usable met data received.

Ranging data saticfactory from T + 1 second except at:
T+ 1toT+ 2 data jump of 66

T+21toT+ 3 data jump of 75

Termination time T + 264 seconds




Ranging Data

Number of range data jumps == 20 yards/second considered from
T + 15 seconds:

6/28 = 2.429,
Coarse range data satisfactory.
Number of angle data jumps None
Maximum elevation angle 16.07° at T + 14 seconds

Rocketsonde Serial #3

Met Data

Good met data at T + 28 seconds
Good range data at T + 3 seconds
Termination time T + 274 seconds

Unusable met data vs. number of data sets considered at termination:
23/246 = 9.35%

Low-High spare channel printout 498 - 505

" Maximum temperature data jump at T + 197 - 198 = 013,

Maximum humidity data jump at T + 11k - 115 = 037,

Ranging Data

Number of range data jumps = 20 yards/second after T + 16 seconds:
None

Coarse renge data satisfactory.

Azimuth angle data jumps at:

T + 258 104,55 degrees
T + 259 103.96 degrees
T + 260 104,55 degrees
T + 261 105.83 degrees
T + 22 104,29 degrees
T+ 3 103,12 degrees

o4 0k 103,79 degrees
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5
Maximum elevation angle of 17.33° at T + 15 secohds. f
A considerable number of met deta printout errors were in the
900 digits.

Rocketsonde Serial #4 :
Met Data J
Good met data at T + 3 seconds
Good range data at T + 4 seconds
Termination *ime T + 278 seconds

Urusable data sets vs. number of data sets considered at
termination:

hg/275 = 17.82%
Low-High spare channel printout 501 - 504
Temperature data jurps at:

T + 198 - 199 seconds 012

T + 200 - 201 seconds -012
Humidity data jumps at:
T + 165 - 166 seconds -030

T + 166 - 167 seconds +030

Ranging Data

Number of range date jumps == 20 yards/second after T + 16 seconds:
2/262 = .76%

Maximum range dsta jumps at T + 253 - 259 = 31 yards.

Number of angle data jumps None

Coarse range data satisfactory.

Maximum elevation angle 17.92° at T + 15 seconds

Rocketsonde Serial #15

fiod met data at T + 14 seconds




Good range data at T + 3 seconds
Termination time T + 291 seconds

Unusable met data vs. number of data sets considered at
termination:

17/277 = 6.14%
Low-High spare channel printout 505 - 507
Number of temperature data jumps None

Humidity data jumps at:

T + 122 - 123 seconds -060
T + 123 - 124 seconds ~-06k4
T + 124 - 125 seconds -028

Ranging Data

Number of range data jumps =» 20 yards/second after T + 17 seconds:
3/27Th = 1.09%

Maximum range data jump at T + 242 - 243 seconds = 2L,

Coarse range data satisfactory.

Number of angle data Qumps None

Maximum elevation angle of 18.77° at T + 16 seconds.

Rocketsonde Serial #2

Met Data

Good met data at T + 3 seconds

Unusable met data from T + 15 through T + 23 seconds.

Good range data at T + O seccnd

Termination time T + 274 seconds

Unusable met data vs. number of data sets considered:
63/271 = 23.25%

Low-High spare channel printout 496 - 513
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Temperature data jumps at:

T + 165 - 166 seconds -01Y 1

T + 166 - 167 seconds +017 3
Humidity data jump at ) ‘
T + 147 - 143 seconds 026 ’

Ranging Data

Number of range data jumps == 20 yards/second after T + 16 seconds:
8/258 = 3.1%

Coarse range data satisfactory.

Maximum elevation angle of 19,30° at T + 15 seconds. ?

One set of unusable data was repeated three times (printout).

This again may be caused by extraneous high reference data pulses

or just plain noise.

Flight tests of the Low Level Sonde System were conducted at AFCRL, ]
Hanscom Field, in May 1968. Participants of this flight test sequence

were: Captein T. Smith CREU-AFCRL
Captain G. Carning CRER-AFCRL
Mr. R. Betz Bendix ESD
Mr. J. Wills Bendix ESD

Two balloonsonde flights were made, however, the serial numbers of
the radiosondes were not recorded. Both flight tests were conducted
with separate objectives. The first was made with low temperature
coefficient resistor values of 15 K ohms, 112.4 K ohms and

900 K ohms to determine stability of the radiosonde circuitry. The
second flight consisted of a balloonsonde configuration with a
rocketsonde sensor package attached. The objective here was to make
a comparison flight for correlation of temperature data between the
two types of sensor mounting packages used. From the data acquired,
it appears that the metallic mass associated with the rocketsonde
sensor package configuration may be contributing to its slow
response time, Subsequently, Bendix ESD provided a nylon shield,

to be substituted for the metallic shield originally supplied, to
AFCRL for evaluation.




FLIGHT #1 - Balloonsonde with lo-temperature coefficient
resistors installed in sensor mounts:

After T + 10 minutes

Resistor Value

Printout Range

15 K 891 - 902
112.4 ¥ 500 - 506
900 K 119 - 122

After T + 45 minutes

Resistor Value

Printout Range

15 K 887 - 202
112.4 K 496 - 506
900 K 115 - 122

Ord. Variation

11

Ord. Variation

15
10

7

FLIGHT #2 - Flight made with both balloonsonde and rocket-
sonde sensor packages attached with ML-419

sensors installed:

Temp. (°C) Temp. (°C)
Balloonsonde Rocketsonde Temperature
T +Min. T + Sec,  Configuration  Configuration  Diff. (°C)
0 0 +25.5 +25.5 +0
.15 9 12.3 k.0 1.7
.33 20 11.4 12.2 .8
.83 50 10.1 10.8 T
1.67 100 9.3 2.9 .6
6.50 390 5.6 6.4 .8
10.0 600 - an- ——
13.33 800 -3.1 -2k -7
19,53 1172 -17.1 -16.4 -
20,0 1200 ._- ——- -
1
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In addition to flight testing of the low-level radiosonde, Bendix
and AFCRL personnel performed the modification of the GMD data
processor which was necessary to make it compatible with the

system, <
Turing checkcut of the GMD, it was found that the coarse ranging )
system of the unit was rot functioning properly. ’

One other incideant worth mentioning here was that the GMD receiver
wovld not operate in the sutomatic AFC mode. An on-the-spot
analysis indicated the possibility of other equipments 'n the area
operating on the same frequency causing interference.

Upon concluding tne flight tests, the GMD unit was returned to
normal operation.

Final Flight Testing of the Low Level Sounding System was conducted h
at Vandenverg Air Force Base, California (AFWTR). The participants
of this test were:

(aptair G. Carning CREU-AFCRL
Me. R. Bet:z Bendix ESD
Mr. J. Wills Bendix ESD

The cbjective here was to fly one balloonsonde with both sensor
packages attached and to launch one rocketsonde. The rocket launch
was not achieved due to problems encountered--first, with baselining
the sonde and second, & leak developing in the leurcher.

Results of this flight test verified the findings of the flight test
of May, 1968. After installing an ML-419 temperature sensor in both
sensor mounts, the rocket version was found to have a much slower
response than the balloon version.

In addition, no usable met data was received until T + 38 seconds,
and the spare channel data printout was intermittent.

Sample copies of a GMD data processor--teletype printout, and a
computer processed data printout appear in Figures 30 and 31
respectively.




703 363 493 AL0AAT 2643 745477 AA3)
174 369 4S9 Ar0A54 2670 PSTT8 7A32
773 3589 37 230458 2693 05715 0033
03 367 531 00”483 2721 03717 734
7 3687 532 arna75 27123 25717 2735
7 365 501 227437 2732 5717 A736
736 363 571 12438 2751 05717 MA37
736 364 571 PR7ASS 2753 £5715 2033
798 363 521 0507 2774 25714 ¢039
TCT 360 500 70597 2737 25723 047
708 360 522 204533 2793 05733 0041
706 355 521 200542 2793 25730 2r42
795 357 582 00555 2731 357025 Q043
745 353 522 {12547 2757 251726 A4
105 343 332 APA337 2755 25736 0245
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APPENDIX I
TELEDYNAMICS METEOROLOGICAL DATA PROCESSOR -
CHANGE-OVER PROCEDURE
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APPENDIX I

TELEDYNAMICS MET DATA PROCESSOR - CHANGE~UVER PROCEDURE

After the data processor cabinet and receiver wiring changes have been
completed, the system may be converted to operation compatible with
the Low Level Radiosonde by the substitution of a number of cards and
connecters and by changing the positions of the appropriate switches.
The change-over procedure is given below:

1., Check out the normal deata processor operation with the system sonde
simulator.

2. Turn off power.

3. Substitute the modified printed circuit cards for the original cards
in the following locations:

a. Data Drawer:
Jl, J30, Add J5
b. Control Drawer:
Ji102, J1o03, J105
Substitute JL06 with modified card J215

¢, Processing Drawer:

J203 J208 J222
J20h J209 J226
J205 J2l0  Add Ja218
Jeo6 Je1l

Insert cerd J106 (removed from Control Drawer in paragraph 1.b)
into card slot J215.

Substitute modified VCO Card for original VCO Card.

Substitute the modified program connectors P95 and P193 for the
original connectors.

5. Change the jumper on the Program Card. J103 so that the processor will
accept three data chanrels.

d 7, If there is no card in sleot J133, inzert tne system spare in the J133
card sint.

Page 1 of
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‘a 7. Change the rotary switch inside the Procesr*ng Drawer from the "NORMAL" .
' position to the "Low-Leve'" position.

8. Set the Reference Frequency Range switch to the "190" position.
9. Set the "Time Interval" switch to the "6" position.
10. Set switches in the GMD Receiver as follows:

a. "'Normal - Low Level" switch to "Low Level",

b, "CF - INV" switch to "INV"

c. "AM-FM" switch to "FM"

d. "Broad-Sharp" switch to "Sharp"

11. Turn on power and proceed with the data processor check-out utilizing
the "Low-Level Sonde Simulator',

Pacpe Do f 9
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APPENDIX II 1
1
4
SONNEX MET DATA FROCESSOR - CHANGE-OVER PROCEDURE *

1
After the data processor cabinet and receiver wiring changes have been .
completed, the system may be converted to operation compatible with the J
Low Level Radiosonde by the substitution of a number of cards and
commectors and by changing the positions of the appropriate switches.
The change-over procedure is given below:

2

kY

1. Check out the normal date processor operation with the system sonde
simulsator.

2. Turn off power.

3. Substitute the modified printed circuit cards for the original cards
in the following locations:

a. Control Drawer:
J102, Ji03, J105

b. Processing Drawer:

J203 J208 Jel9
Jook J209 Ja22
J205 Jel10 J226
J206 J211 Add J216

Jels Add J217
Substitute modified VCO card for the original VCO card.

4, Substitute the modifird program connectors P93 and P193 for the original
connectors.,

5. Change the jumper on the Program Card, J103, so that the processor will
} accept three data channels.

6. 1f there is no card in slot J133, insert the system spare #2339 in the
T133 card slot.

4 7. Set the Reference Frequency Rangs switch to the "190" position.

—y

8, Set the "Time Interval" switch to the "6" position.

Page 1 of 2
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10.

Set switches in the GMD Re :iver,as.follows.
a. '"Normal - Low Level" switch to "Low Level"
b. "CF - INV" switch to "INV"

¢. "AM-FM" switch to "FM"

d. "Broad-Sharp" switch to "Sharp"

Turn on power and proceed with the data processor check-out

the "Low Level Sonde Simulator".

91
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APPENDIX III
TEI-751 PRELIMINARY TESTING OF CARDS USED IN MODIFICATION
OF

TELEDYNAMICS AND SONEX MDPS FOR THE LOW LEVEL SOUNDING SYSTEM
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TYPE Test Specification

NUMBER TEI - 751

REV.

1.0

2.0

2.1

2.2

n
w

2.4

3.0

301

3.2
3.3

3.4

TEST SPECIFICATION

PRELIMINARY TESTING OF CARDS USED IN
MODIFICATION OF TELEDYNAMICS AND SONEX
MDPS FOR THE LOW LEVEL SOUNDING SYSTEMS

PURFOSE

The purpose of this specification is to describe the tests
required to confirm proper operation of the new and modifiled
cards for the Teledynamic ead Sonex Meteorologicel Data Pro-
cessors when used in the Low Level Sounding System. These
tests are preliminary ones and ere to be made prior to in-
stallation of the cards into the Data Processor.

REFERENCES

Modification Specification - Teledy.amic or Sonex Meteoro-
logical Data Processor

Logic and Schematic Diagrams - Teledynamic or Sonex MDPS

Tnstruction Manual for Meteorological Data Processor Type
3703C, Volume I of II

Logic and Schemati~ Disgrams for Meteorological Du*ta Processor,
Type 3703C, Volume II of II

TEST EQUIPMENT REQUIREMENTS

Cne voltmeter capable of one mV resolution at voltages between
zero and ten volts.

One precision voltage source; adjusteble from zerc to ten volts.
One electronic counter; at least 0 to 200 k¢ range

One oscilloscope, Tektronix 535A or equivalent, with dual trace
pre-amp

Power Supplies

i+

Two power supplies, * 18 volts

1+

Two power supplies, 15 volts

One power cupply, + 45 volts

SHEET 020 CONT ON .30
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W Environmental ENGINEERING SPECIFICATION
TYPE Tegt Speciflication *

NUMBER  TEI - 751

REV. 1

3.5.4 One power supply, + 5 volts : i
3.6 One pulse generator, 200 KC, 0 to + 5 volts

3.7 One Sonde Simulator

4.0 TEST PROCEDURE

L. Adjust 811 pover supplies to * 1% of given voltage.

b2 Pulse Stendardization
L.2.1 Connect J204, J205, J206, and J208 as shown in Figure 1.

h,2.2 Observe output of Set-Reset flip-flop on scope. The period
of time the flip~-flop is set should be approximetely .215 msec.

4.2.3 Sync. scope of trailing edge (negative) of 15 msec pulse from
one-shot multivibrator J208, pin H. Set sweep rate to 5 usec/cm.
Observe the following pins for proper voltage levels to deter-
mine if the counter is presetting to binary number 21:

PIN LEVEL
Jook F +5V
J2ok H 0
Jooh N +5V
Jaok 2 0
J2C5 F +5V
J205 2 0

L,k Sync. scope on leading edge (positive) of pulse from one-shot
multivibrator J208, pin H. Set sweep rate to 5 usec/cm. All
of the pins described in 4.2.3 are to be at zero volts for 20
usec. Pins J204 F, JoOk N, and J205 F should rise to + 5 volts at
the end of the 20 usec delasy.
L.2. Sync. scope on the output of the Set-Reset flip-flop, using
delayed sweep. Connect the "A" input of the scope to J208 H.
Monttor the pins described in 4.2.3 on the "B" input to the
score. During the 5 usec. period prior to the firing of the

one-shot multivibrator, the pins should all be at + 5 volts.

N
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4.3 Frequency Multiplication

This test will confirm that the frequency range of the VCO
(multiplied) will be 1,000 Hz to 20,000 Hz for an input fre-
quency range of 200 Hz to 4,000 Hz.

h.3.1° Connect the output of the Set-Reset flip-flop in paragraph 4.2
to the frequency multiplication circuitry as shown in Figure 2.

4,3.2 Set Sonde Simulator frequency to a h ¥z + 10 cps sqimre wave
(steady signal). The output of the VCO shall read 20 KHz 4o
cps. Record Sonde Simulator frequency vs. VCO frequency by
referring to the N{ollowing chart:
Sonde Simulator
(Continues Signal) vVCO
L Kz + 10 Hz 20 Kz * 40 Hz
2Kz * 5 Hz 10 Kz * 40 Hz Y
1 KHz £ 3 Hz 5 KHz * 4O Hz

500 Hz * 3 Hz 2.5 Kz * 25 Hz
250 Hz * 3 Hz 1.25 KHz * 20 Hz

h.h Channel Drop-Out Detector

L.b,1 Connect the Channel Drop-Out Detector Card J209 as showm in
Figure 3.

h.h.2 Observe wavefarms at TP2 and TP3 with input frequency set to
200 cps and 4 KC. See Figure b,

L.s Missing Channel Detector

L.,5.1 Connect the Missing Channel Detector Card as shown in Figure Se

|
| .52 Wwith the Sonde Simulator operating normally, TP3 will remain

at zero volts.

K.5.2.1 ywitch Missing Channel switch on the Sonde Simuletor to the "ON" C—

position. TP3 will go to + 5 volts after the channel has been
missing for 50 msec and will be resét by the «3 second one=ghot.
See Figure 6.

LA rall-Out Detector During Reference Gate
s G TN SHEET CONT.ON -
v el g7 Qg CONT.ON -050
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TYPE Test Specification

NUMBER TEI - 751

REV.

4.6.1 Connect J211 as shown in Figure 7.

h.6.2 During normal operation, TP 3 will be at zero volts at all times.

4.6.2.1 Switch Channel Drop-Out switch on Sonde Simulator to the "ON"
position. TP2 will go to zerc volts at the end of each channel.
A 75 msec pulse will be present at TP3 when J201, pin C is re-
moved from ground for each pulse on TP2. Sze Figure 8.

b7 Reference Detector

L.7.1 Connect cards J215, and J218, far Teledynamics equipment; J216,
and J217, for Sonex equipment; and J208 for both as shown in
Figure 9.

L.7.2 Connect scope and counter to in 2 of J208 and observe LO usec
pulses at 1 KHz rate.

4.8 Reference Counter
4.8.1 Connect modified J203 card as shown in Figure 10.

4.8.2 With 200 KHz at the input (Pin B), check for 50 KHz square wave
at pin 2.

L.9 Time Data and Punch Rate
bo. Connect cards J102, J103, and J105 as shown in Figure 11.

L.9.2 Wwith 50 Hz pulses at J1C2B, check for 1 Hz square wave at J105 1L.

SHEET 050 CONT ON 060
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APPENDIX IV
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[PROJECT ENGINEER
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ENGRG MANAGER /

PRODUCT ENGINEER

Bendix'

Environmental
Science Division
BALTIMORE, MARYLAND 21204

REVISION SHEET

ENGINEERING SPECIFICATION

TYPE Test Specificat
NUMBER  ES 2412658
TITLE  GMD-4 Modificatio

for Low Level Sounding
System

{on

RELEASE NO. DATE

RECORD OF REVISION STATUS FOR EACH SHEET
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TYPE Tegt Specification

NUMBER ES 2412658

REV.

1.0

2'0

3.0

4,0

TEST SPECIFICATION - GMD-4 MODIFICATION FOR LOW LEVEL SOUNDING SYSTEM

Purpose
The purpose of this test is to verify the proper operation of
the Meteorological Data Processor after it hus been modified
to operate in the low-level sounding system.
References
2.1 Instruction Manual for MDP type 3703-C, Volume I of II.
2.2 Logic and Schematic Diagrems for MDP type 3703-C, Volume II of II.
2.3 Logic and Schematic Diagrams, Teledynamics Meteorological Data
Processor,
2.4 Mcdification Specification - EIR Nc. T19
Test EqQuipment Required
3.1 Sonde Simulator
3.2 Oscilloscope - Tektronix 'SUSA or equivalent
3.2 Electronic Counter - 0 to 100 KC
3.4 Multimeter - Simpson Model 260 or equivalent

3.5 Power Supply, +5 volts, 100 ma

Testing
4,1 General - The testing will be accomplished in two parts as
follows:

a) Simulated met data and programming test.

b) Simulated Met Data system test utilizing a sonde transmitter.
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NUMBER ES 2412658

REV.

k2 Simulated Met Deta and Programming Test
L,2,1 Description
This test will consist of the insertion of simulated met
data pulses of known frequency and duration into the met
data processor at J207-12 and checxing for proper wavefume
and readout.
L,2,2 Procedure
L,2,2,1 Connect the outwut of the Sonde Simulator to pin 12
of J20T. Disconnect wire from J202-16. Set the Sonde
Simulator for an output of continuous 4 KHZ pulees.
4,2.2,2 Turn Sonde Simulator power on.
4,2.2.3 Observe waveform at output of the Sonde Simulator. It
should appear as in Figure 1l{a).
L,2.2.4 Pulse Standardization
Observe the output of flip-flop J207 - TP4. The period
of time the flip-flop is set should he 215 msec for all

input frequencies,

Cards J20k, J205, J20T-4, and J208-H form a pulse
standardization circuit, The counter will count
forty-three 200 KC pulses and then initiate a reset for

the counter and flip-flop J20T7-k.

Sync. the scope on the leading edge (positive) of the

15 msec pulse at J208-H. Set the sweep rate to

SHEET 90 CONT ON o409
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5 usec/cm. Cbserve the following pins for proper

voltage levels at end of the 15 usec delay.

PIN LEVEL AFTER DELAY
J20h-F +5V

J2ok-H 0

J20k-N +5V

Jaok-2 0

J205-F +5V

J205=-2 C

At the start of the trace all of the above pins shall

be at +5 volts,

During the 15 usec pulse period all of the above pians
shall be at zero volts,
k.2,2.5 Frequency Multiplication
This test will confirm that the frequency range of
the VCO will be 1,000 HZ to 20,000 HZ for an input
frequency range of 200 HZ to 4700 HZ.
a) Set the Sonde Simulator (requency to a steady

LxYz signal. The output of the VCO shall read

20 KHZ * 100 YZ. Check Sonde Simulator frequency

| vs. VCO Trequency by referring to the following

SHEET 040 CONT.ON 050

[ —




ENGINEERING SPECIFICATION

TYPE Test Specification

NUMBER ES 2412658

REV.

chart:

Sonde

Simulator

L Kuz
2 KHz
1 KHZ

+ 20 HZ
15 HZ
%+ 10 HZ

500 HZ + 10 HZ

250 HZ

* 10 HZ

yco

20 KHZ * 200 HZ
10 KHZ * 100 HZ
5 KHZ % 50 HZ
2.5 KHZ * 50 HZ
1.25 KHZ + 50 HZ

SHEET 050 CONT.ON 060
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This measurement can be made by connecting an
electronic counter to J201, TP2.

4,2.2.6 Set the switches on the Sonde Simulaucr for normal
operation, Sync the scope at the "Syuc" tect point
on the Sonde Simulator. The output c{ the Sonde
Simulator shall appear as in Figure 1(%).

h.,2.2.7 Observe the waveform at J201, TP3., It shall appear
as shown in Figure 1{c).

4,2.2.8 Observe the input to the VCO (J294-J). The waveforn
shall appear as showm in Figure 1(d).

4.2.2.9 Ouserve the waveforms at J209, TP2 and TP3. They
shall srmear as shown in Figure 1(e) anc (f),
respectively.

L,2,2.10 Observe the waveform at J208-N (TP3). It shall be
as shown in Figure 1{(p).

4,2.2.11 Observe the wavetorm at J208-F {TPl). It shall be
as shown in Figure 1(h).

| L, 22,12 Observe the waveform at J210, TP3., During normal
| { operation Trs will remain at zero volis at all times,
| 007013 Yoserve waveform at J211, TP3, Durins normal

operation, TF3 will remain at zero volts al all

Pameen
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L,2.2.14

h,2,2.15

Connect the scope to J208, pin 2, Observe 40 usec
pulégs at a 1 KHZ rate.

Connect "A" input of scope to_J208, TP3 and "B"
input to J221, TP1. Sync Scope on positive edge of
signal at J208, TP3. The relationship between pulses

shall appear as follows: i i

|4—-——a+ 160 aqzic

] l
I _ _ J22l=TPI

‘.1. e JO0 HEFC

J208-TP%
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4.2.2.16 Move the "B" input to J220, TPl. Set 85201 to the

190 position. The pulses shall-appear as follows:

At ie

100 MSEC
.—l = J208 -7P3

Jrr0- TP/

{1—————‘ 68 MsfFC ]
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INNENEEEN

k,2.,2,17

With 8201 set to the 180 position, the pulse width

at J220-TP1 will be 70 msec,

With 'S201 set to the 170 position, the pulse width =" ==

at J220-TP1l will be T4 msec.

With S201 set to the 160 position, the pulse width
at J220-TP1l will be T9 msec.

Sync scope on the tralling edge of the pulse at J238-
TP4, Connect the "A" input to J221-TP2 and the "B"
input to J201-TPl. The waveforms shall appear as

follows at a rate of once per second.

-» |-4— /00 MSEC

_H | J22l- TP2
' .

L Jz2o0-TRFI
e——— 5O MSEC ——b
SHEET 100 CONT.ON 119 I
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4.2.2.18

4,2,2,19

4,2,2,20

4.,2.2,21

Connect scope to J203 - TP4. Observe a 50 KHZ

square wave,
Sync scope on the trailing edge of the pulse at T
J201 - TPl. Observe J220 - TP4 for the following

pulse once per second.

J220- TPY

e— S0 MSEC s

Monitor J221 - TP3. A positive pulse shall occur

once per second and shall have a duration of 100 msec

* 20 usec.

Sync the scope on the positive edge of the pulse at
J208-F. Connect input "A" to J201-N and input "B"

to J201 - TPT.. The waveforms shall appear as shown below:

) —
J - __J l_ J2ol-N-
=N o ." O
“‘H‘ “f:ﬂh}im J201-1P7
. Lo MSEC i .
e ——— 250 MsEC -——>
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4,2.,2.22 Monitor J105-14% A positive pulse shall be
present once per second.

4,2.2,23 Set the readout switch to the "4" position.

k.2.2.24 Monitor J113- TPk {Time Data). A .0 usec positive
pulse shall be vresent once per second,

4,2,2,25 Monitor J1O4 - TP2 (Sequencer Start). A 80 usec
positive pulse shall be present once per second,

4.,2.2.26 Sync scope on Frame Sync (J221-TP3). Set sweep
speed to 100 msec/cm. Confirm waveforms shown in
Figure 2,

k,2.,2.27 Monitor the temperature, humidity, and spare channel
transfer-to-storage pulse at Ji25 - TP3, J113 - TP3, and
J127 - TP3, respectively., Pulses of 100 usec * 30
usec shall occur at each test point at some time between
successive read-outs of each channel.

4,2,2,28 Turn on tape punch,

4,2,2,29 Sync scope with sequencer star® signal, J1O4 - TP2,

Monitor J1O7-F and J107-4%. The waveforms shall sppear

as shown:

‘] J NEYEE
FF~ MRS ~»%r§¥135u“w4

NEREw
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L

J221-TP3
!
i
!—]__ Jhy - TPl
~
i -TP2
’] HUMIDITYY RESET
4l JisS-7py
Ji4-TP3

TEMP, REsSeT
TH3-TPL

|

JhHt-Tpy

SPARE RESET
JI127 TP

W

I

Nl
il

J190 - x

— J 190~ o

. v 190 = an
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4,2,2.30 Punch out a tape for one minute and then print it.
The readout chall sppear as shuwn in figure 3.

4,2,2,31 Set missing channel switch "1" on the Sonde Simulator
to the "out" position.

k,2.2,32 Connect scope input "A" to J202 - TP3 and input B to
J210 - TP3 Sync scope at the "sync" test point on the

Sonde Simulator. Observe the following waveforms:

R H T sner R

T '{; |
I/ | P I o 1P
J;i:s.';f' iu‘UA it i J202°7F3

!

-

[

; l J210-TP3
‘ -

s +

t SoMaFc
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k.2,2,33 Observe the print-out to confirm a zero in the
spare channel location,

k.2,2,3k  Connect scope input "A" to J202 - TP3 and input "B"
to J211 - TP3. Sync scope at the "sync" test point

on the Sonde Simulator. Observe the following

waveforms:

Jan-TrP?

75 Msec—le¢

4,2,2,35 Observe the print-out to confirm a zero in the

spare channel location,

SHEET 150 CONT ON 1
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4.3 Simulated Met Data System Test
4.3.1 Description
This test will utilize a lew level radiosonde or a
modified AMQ-9 radiosonde to cransmit simulated met
date. The met data section of the sonde will be
replaced by the Sonde Simulator so that known data

will be transmitted.

4,3.1.1 Connect the equipment as shown in Figure 4.
4,3,1,2 Turn on AMQ-9 radiosonde.
4.3.1.3 Monitor pin 6 of V1008 ipr the receiver. The

output shall appear as shown below:

a [

H— 100 MSEC 2 20 msEC

4.3.1.4 Monitor met data at J202 - TP3 in the data
processor to confirm proper pulse width and
format .

4.3.1.5 Repeat paragraphs 4.2.2.30 through 4.2.2.35.
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1.0

2.0

3.0

TEST SPECIFICATION - LOW LEVEL RADIOSONDE

Purpose

The purpose of this specification is to describe the test
procedures necessary ‘o verify proper operation of the
low level radiosonde,

References

2.1 Design Plan for Telemetry Subsystem of & Low level
Sounding System.

2.2 Low level Radiosonde Schematic Diagram
Bendix Corp., Environmental Science Division
Drawing No. 32-1014-002,
2.2 Low level Radiosonde Circuit Board Assembly Drewing
Test Equipment Requirements
3.1 Oscilloscope, Tektronix 545A or equivalent
3.2 Electronic Counter, O to 100 KC or better
3.3 Power Supply, O to 100 ma, variable 3.0 to 60 volts
3.4 Power Supply, O to 100 ma, variable 10 to 1% volts
3.5 Decade Resistance Box, O to 1 MEG —/*
3.6 Signal Generator, Amplitude modulated, 390 to 415 mes

3.7 Phase Meter

SHEET 020 cONT.ON 030
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1.

2,

3.

8cope
This specification describes the specifications and testing

procedures for the prototype models of the Low Level Radio-
sonde,

Service Conditions

2.1 Temperatuve - The radioscnde shall be capable of
operating over the temperature range of +140°F
to 0°F without degradation ia performance,

2.2 Voltage - The radiosonde shall coperate from the
following DC voltage:

Minimum Nominal Maximum

a. -k, ov b, 5v -5.0V
b, «12,0V -13.0V =1k, 0v
¢, -17.0V -18.0v «19.0V
REQUIREMENTS
3.1 Electrical

3.1.1  Receiver

3.1,1.1 Tuning Range - The receiver shall be tunable over
the frequency range of 400 to 406 MHZ.

3.1.1.2 Sensitivity - The sensitivity over the range of 40O
To 06 MiZ shall be 50 microvolts or less,

3.1.1.3 Selectivity - The receiver selectivity at minimum sup-
ply voltage (see 2.2) shall be at 50 db down at 391
and 415 MHZ from that at 400 end 406 MHZ with the
recelver set to 403 * 1,0 MHZ.

3.1.2 Meteorolopical Pulse Jensrator

3.1,2,1 Reference Frequency ~ With the ‘reference resistor
connected to -4.5 volts, the meteorologicel pulse
generator fréquency shall be identified as the refer-
ence frequency, and shall be between 3900 and 4100 eps.

SHEET 030 CONT.ON OUO
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3.1.2.2

3.x.2.3

3.1.2.k

3.1.3
3.1.3.1

3.1,"’

3.1.5
3.1.5.1

Data Frequencies

8. With the reference resistor connected to
<4.5 volts through a 28.7K 1K resistor,
the frequency of the metecorological pulse
generator shall be 4/5 that of the refer~
ence frequency.

b. With the reference resistor connected to
-4.5 volts through a LU6K * 7K resistor,
the frequency of the meteorological pulse
generator shall be 1/5 that of the refer-
ence frequency.

Pulse Length - The pulse length of the meteor-

ological pulse generator shall be 50 usec 1 15
usec,

Reference Frequency vs. Voltage - The change in
reference frequency shall not exceed * 60 HZ when
the supply voltage is varied over the range given
in paragraph 2,2.

Clock Generator

Frequency - The clock generator frequency shall be
[.0 HZ £ .1 HZ with the supply voltage set to -k.5
volts. At supply voltages of -4.0 volts and -5.0
volts, the frequency shall be 4.0 HZ % .25 HZ,

Met Dauta Rlanking Pulse - The met data blanking

pulse shall be between 18 and 25 milliseconds in
length when the supply voltage is varied btetween
-4,0 volts and -5.0 volts.

Transmitter

VSWR - The voltage standing wave ratio, as measured
at the input to the transmission line, shall not
exceed 1.25 as referred to a 50 ohm impedance, when
measured in the unit, This is & design test only.

SHFET O40 roONT ON 050
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k.o

3.1.5.2 Frequency Range - The R.F. oscillator shall be
tunable over the range ‘of 1660 to 1700 mcs, &nd
shall be set to 1680 * 4 mes prior to delivery.

3.1.5.2 Pover Output - The radiated power output over the
range of 1660 to 1700 mcs shall be at least 180 mw,
3.1.5.3 Collector Cuirent - With the maximum operating

voltages of 2.2, the R.F. oscillator collector
current shall not exceed 100 milliamperes.

3.1.6  Modulatior

3.1.6.1 Ranging Signal Modulation - The ranging signal shall
frequency modulate the 1680 MHZ carrier with a
deviation of 180 KHZ min., 250 KHZ max, and show
no signs of regeneration,

3.1.6.2 Meteorological Data Modulation - The meteorological
data from the met data oscillator shall frequency
modulate the 1680 MHZ carrier with a deviation of
400 KHZ min., 800 KHZ max.

3.1.7 Phase Shift - The changes in the range signal
phase shift shall not exceed the following values,

REASON FOR CHANGE MAXTMUM CHANGE

a. Power Suply variation
(-12v to -1kv) 10 degrees

b. Change in received signal
strength between 200 microvolts
and 20 Mv. 15 degrees

Module Testing

k.1 Met Data Generator and Commutator

4,1,1  Connect Commutator module C and Met Data Generator
module D as shown in figure 1,

4,1,2  Set all test tool switches to position 1 and the
sencor decade resistance box to zero ohms, Set

decade resistance box (R32) to 27K and decade
capacitance box (C20B) to 500 pf.

SHEET 050 coNT.oN 060
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k.1,3  AdJust C20B on module D for an output frequo-ty

of. b KHZ + 50 H”.

k3.4 Set 82 to position 2, The output frequency shall
not differ by more than + 2 HZ from the frequency of

h. 1- 30

—a P
& C B—
¢ (D—
—~RJO,
| ,
4 567 rA lo 9 8 3
o TEST oX
ouTPvT 2
,0 P -‘{,SV
C?) y COUNTER
~ 0
Sensor DECADE
BOX ‘ D F -2
[+ D) o
(o-1Mi6a.) IJ T
. 6] = SCBFF
rYws 5
R32 ELOB 0
DECADE DECADE
RROX CARPITIR I

FIGURE 1
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h,1.5  Commutator resistance test. wi\h the test tool
switches set to the positions shown in Table I,
the measured frequencies shall not differ by
more than 4§ HZ from the frequency of h.1.k.
TABLE I
Test 8l s 83 thru S
Resistance 1 2 1l
. 2 2 1l
" 3 2 1
" 4 2 b
Note: Compliance on the data sheet.
4,1,6  Commutator Leakage Test.
4.1.6.1 With the test tool switches set to the positions
shoun in Table I, the measured frequencies shall
not differ by more than 4 HZ from the frequency
of k1.4
TABLE II
Test 81 Rthus$ 5 B 5
Legkage 1 2 1l 1 1
" 2 2 1l 1 1
" 3 2 1 1 1
! " b 2 X 1 h
4 Note: Complience on the data sheet.
F

SHEET 07O conT. on 080
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k.1.6,2 With the test tool switches set to the positions
shown in Table III, the measured frequencies shall
not differ from each other by more tham 5 HZ.
TABLE III
gh, 55
Test 51 2 53 _$%5 0§ B 8
Leakage 2 2 2 2 2 1 1
" 3 2 2 2 1l 2 |
" b 2 2 2 1l 1l 2
" k 2 1l 2 .
Note: Compliance on the date sheet.
k.1.7 Frequency response.

Set the test tool switches to the following positions:
81 thru S6 ST S8 2]
Position 2 1 2 2

With the sensor decade box set at zero ohms, note
the reference frequency. It shall de 40OO HZ %

50 HZ. The frequency is adjusted by varying the
ralue of C20B (capacitance box). Increase the set-
ting of the sensor dacade bex untll the frequency
equals eight-tenths of the reference frequency.
Record resistance value., Record resistance values
corresponding to frequencies of .5, .2, and .1 of
the reference frequency. The resistance values
shall fall within the tolerance shown in Table IV,

TABLE IV
FREQUENCY (% of REF,) RESISTANCE |
100 0
8o 28.7x % 1K
Jo 112,6K * 3K
20 bh6K + TK
10 995K * 15K

SHEET C30 CONT.ON 990
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%.1.8 If the recictances do not fall within the toler-
ances of Tuble 1V, adjust R3Z in module D by
observing the following rules:

s. If the resistances are tco high, decrease R32,
b. If the resistances are too low, increase R32.
Repeat L.1.7.

b.1.9 After response curve has been adjusted to specified
tolerances, proceed as foliows:

8. Install closest 5% resistor for R32.
b. Instkll closest 5% capacitor for C20,

¢. Run & response curve and record sensor resistor
values on the data sheet. The resistance values
g£hall be within the tolerances shown in Table 1II.
Record the reference frequency. Repeat at supply
voltages of -4.0 and -5.0 volts,

%,1.10  Pulse width

Record the pulse width of the met data generator at
the reference frequency. It shall be 50 usec % 15

usec, Record on the date sheet, Repeat at supply

voltages of -4.0 and -5.0 volts,

k.2 Commutetor Clock, Decoding, and 20 MSEC Pulse Generator

h.2,1 Connect module~ A and B &s shown in figure 2.
Connect a decade resistance box in place of R18 and
get it to 39K. Connect a decade resistance box in place
of R23 and set 1t to 15K.

R23 N = “)
A R O]
o [o] @
Rig D
Mo =10 ]
o 9F
! —
. 1
PIAURS 2 4.5 SHEET 090 CONT. oN 100
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4,2.2 Connect the scope and counter to pin 3 of

module A. The output shall be approxipately

a square wvave (The period of time the waveform

is high shall be withiu + 20% of the period of
time the waveform is low). Adjust the value of
R18 (decade buox) until the period is between .249
end ,256 seconas. Note the settings of the decade
box. Remove the decade box and install a 5%
resistor with the value closest to the decade tox
setting., Record resistor value on the data sheet.

k2.3 Adjust the value of R23 (decade box) until the
pulse width at pin U, module A 1s between 19 and
2k meec. Remove the decade box and install a 5%
resistor with value closest to the decade box set-
ting. Record resistor value on the data sheet.

2.4 Measure the frequency and pulse width and record on
the data sheet.

h.2,5 Sync the scope externally on the positive edge of
the signal on module B, pin b, Connect the "A" input
to the scope to module B, pin 4. Connect the "B"
input to the scope to the various points shown in
figure 3. Conform proper waveforms and record
required data on data sheet.

4,2.6 Repeat 4.2.%4 and 4.2.5 at supply voltages of -4.0
volts and -5.0 volts. Record data,

.3 81.9% XHZ Amplifier (Module F)

4,3.1 Connect an 81.9% KHZ sine wave source to pin 3 of the
81.94 KHZ amplifier module {Mcdcle F). Set the ampli-
tude to 100 MV % 20 MV peek-to-peak.

b.3.2 Connect a 1000 ohm load resistor between pin U4 and
ground,

SHEET 100 CONT.ON 110
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b agsec
.r I Pin 4 MoD. 1

Pip s, MoD, 12

PING , Mob. P2

] ) | PN 7) Moo R

| N | N | N | R

FIGURE 3

4,3.3 Observe an 81,94 KHZ sine wave at the output (pin 4)
of the amplifier. Adjust coil L6 for maximum out-
put eignal, Vary the frequency of the sine wave
generator above and below 81.9% KHZ to assure that the
circrit is peaked to 81.94 XiZ. Note compliance on
the data sheet,
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b4 Recelver

Connect the receiver module (module E) to the 81.94 17
amplifier module (module F). An amplitude modulated
signel generator, capable of supplying 390 to 415 mes,
shall be used for these tests., The R.F. carrier of the
signal generator shall be 25% amplitude modulated by a
81.94 KHZ eine wave signal source. The signal generator
shall be directly coupled to the receiver. A wide band
oscilloscope shall be connected to the output of the
81.94 KHZ amplifier. A synchronization lead is required
from the 81,94 KHZ source to the external sync source of
the oscilloscope.

b4,  Receiver Tuning Range

Connect the output of the signal generator directly to the
input of the recelver module, Set the signal gencrator out-
put level to 1 willivolt at 400 MHZ. By adjusting the tuning
capacity in the receiver, the ranging signal amplitude shall
peak at LOO MHZ. Repeat the above with the signal generator
set to 06 MHZ, Note compliance on data sheet.

b, 4,2 Sensitivity

With the signal generator output directly connected to the
receiver, and the receiver and signal generator tuned to the
sare frequency within the band 403 * 3 MHZ, adjust the output
level of the signal generator to the polnt where the ranging
flgnal is just disceruible on the oscilloscope. The signal
generator output shall be no greater than 50 microvolts.
Record on data sheet,

4,3 Selectivity

With the signal generator cutput directly connccted to the
receiver and the receiver and signal generator tuned to the
same frequency within the btand 403 * .25 MHZ, adjust the
output level of the signal generator until the ranging signal
is just discernidble on the oscilloscope. The receiver sensi-
tivity shall be dowm at least 50 db at the minimum and maximum
frequencies from that at 403 * ,25 MHZ.
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4.4, 4 iInternal Phase Shift

With the signal generator output directly connected to
the receiver and signal generator tuned to the same
frequency within the band 403 * .25 MHZ, performed the
following tests:

&, Phase Shift vs. Signal Strensth -

Adjust the output of the signel generator to 200
microvolts and then to 20 millivolts. The change
in the phase angle shall not cexceed 12 degrees.
Record on data sheet,

b, Phase Shift vs. Supply Voltage -

Adjust the output of the signal generator to 1
millivolt and the power supply to 12 % 0.1 volt,
then 14 # .01V, The change in the phasc angle shall
not exceed 10 degrees, Record on data sheet,

4,5 Transmitter Tests - The following transmitter tests shall be
performed with the output of the transmitter directly conrected
to an r.f, power meter through suttable 50 ohm coaxial connectors
unless otherwise specified.

4,5.1 Collect Current

The collector current, as measured with a millianreter of
at least * 1% accuracy, shall be 100 milliamps maximum
at 1680 * 4 MHZ with the pover supply set tc -18 volts.
Record on date sheet.

4.5.2 Power Output

The r.f. power output shall be at least 180 milliwatts at
& supply voltage of -18 * .1 volts. Record on data shect,

4.5.3 Frequency Range
With the transmitter connected to the antenna, the trans-
mitier froquency shall be sct to 1680 * b MHZ as indicated

by a cavity vave reter and a suitebly positioned pick-up
loop. 1llote compliance on data sheet,
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5-0

5.1

5.2

Radiosonde Tests - These tests shall be performed with the

radiosonde completely asscmbled.
Modulation

Vith the sipgnal generator set to 403 * 1 MHZ and 25% emplitude
modulated by a 81.9% KHZ sine wave, set the signal gencrator out-
put level to 1 MV, The signal generator shall be directly
coupled to the receiver. Adjust the amplitudes of the ranging
and met data signals to obtain a composite waveform at the input
to the transmitter as shown in figure L.
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FIGURE U4

Met Date Generator Response

Disconnect the wire at pin 3 of the met data generator module
"D". Connect to the circuit shown in figure 5. Record
reslistance values vs, ratio on data sheet no, 5 for voltages
of 4,5, 4,0, and 5.0 volts., This test is to be performed
with the transuitter operating,
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