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PREFACE

This engineering report presents specifications and instructions for

operation, calibration, and maintenance of a new tethered-balloon system

for making meteorological measurements of the profile of the atmospheric

boundary layer up to 5000 ft above the ground.

Because of the tendency of tethered balloons to lose altitude in the face

of strong winds by swinging down in an arc at the end of the tether, this type

of system normally is not very satisfactory for carrying meteorological instru-

ments aloft. The new system overcomes this tendency with an airfoil-shaped

balloon, known as the Meteorological Atmospheric Testing (MAT) Wing, which

uses aerodynamic lift generated by the flow of wind over the airfoil surface to

counteract the downward vector produced by the combination of the wind's

force, the balloon's drag, and the restraining tether.

The system was developed by E. Bollay Associates, Inc., of Boulder,

Colorado, under a contract with the National Center for Atmospheric Research.

The author is a staff member of E. Bollay Associates, Inc.

The system is available for cooperative research use by meteorologists

at other institutions. Inquiries should be directed to the Field Observing

Facility, National Center for Atmospheric Research, Boulder, Colorado 80302.
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BOUNDARY LAYER PROFILE MEASUREMENT SYSTEM

Engineering Report

1.0 Introduction

1. 1 System Description

The Boundary Layer Profile Measurement System utilizes

a tethered balloon wing to carry an instrument package for accurately

measuring the vertical profile of temperature, wind speed, wind

direction, and humidity. Readings can be made to 5000 ft above a

ground elevation of 500 ft or less.

The system consists of a Mylar balloon wing, a 2-lb telemetry

package, an electrically operated winch, and a ground receiver with

magnetic tape recorder. (Figure I)

The Meteorological Atmospheric Testing (MAT) Wing

contains approximately 112 cu ft of helium and is designed to operate

without FAA waivers to FAR, Part 101. It is easily launched and is

rigged in a unique fashion to prevent excessive lift forces when

operated in strong winds. A normal round trip to 5000 ft above

terrain and return requires 30 min. The balloon is durable and can

be operated in temperature extremes without rupture.

The telemetry instrument package contains the various

transducers, a 403-MHz transmitter, and a 6-hr rechargable

battery supply. Temperature is sensed by a precision thermistor,

humidity by a semiconductor element Hygropak, wind speed by a low

threshold, 3-cup anemometer, and wind direction by a magnetic

compass which establishes an azimuth reference for the MAT Wing

and instrument package. The height of the vehicle is measured by a

pressure altimeter. The outputs from these transducers are con-

verted into dc voltage analogs.
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Fig. I. Boundary layer profile measuring system
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These dc voltages are selected in time sequence by a solid

state commutator. The output of the commutator is telemetered by

converting it to an analog audio frequency which in turn frequency

modulates a 403-MHz transmitter. The commutator generates a

standard IRIG word frame (PAM-2) which includes a full scale

sync pulse. The commutation rate can be varied to suit the required

response times and the type of data recovery equipment. The format

of the commutator is compatible with standard decommutation equip-

ment; however, it can be manually recovered with a standard strip

chart recorder.

The winch is operated from 24 vdc and is mounted on a four-

wheel trailer. Sufficient room is available on the trailer for the

ground receiver and recorder. Limit switches automatically control

the tether line tension.

The ground station uses a helix receiving antenna and a

standard FMQ radiosonde receiver. An Ampex 1100 series tape

recorder records the audio output of the receiver, and final recovery

of the dc analog voltages from the recorded audio tones is done by a

standard IRIG discriminator.
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1.2 Specifications

MAT Wing

Volume 112 cu ft

Lift 5 lb net

Material 4-mil Mylar bilaminate
with Dacron scrim

Helium for fill plus
one week operation 1 bottle ( 220 cu ft)

Angle from vertical @
20 m/sec wind 200 maximum

TELEMETRY PACKAGE

Measurements

Temperature -15 0 C to +35°C, + 0. 20C

Humidity 10% to 95%, + 2.5%

Wind Speed >0.1 m/sec to 20 m/sec
+ 0.5 m/sec

Wind Direction 0 -360 + 10

Height 0-1500 m + 10 m

Spare 2 channels requiring 0-100mv
@ > 10 k ohms source impedance

Modulation

Type PAM-FM (Time Multiplex)

Frequency IRIG channel #8
(3 KHz + 7. 5%)

Word Format 3 channel width full-scale sync
pulse plus 7 information channels
with 50% duty cycle. (PAM-2)

Commutation Rate Variable, 0. 5 channels/sec
to 50 channels/sec
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Transmitter

Frequency 403 MHz nominal

Modulation Index 5 (at 3 KHz)

Power 50 mw

Antenna Crossed dipole with second
dipole feed 90 late to produce
circular polarization.

Power 9. 6 v 0.25 ah and 12 v 0. 5 ah
Nickel Cadmium batteries.

Construction

Size 4 in. in dia x in. long

Weight 2 lb 5 oz

GROUND STATION

Receiver R-228/FMQ-2
(390-410 MHz)

Recorder Ampex Model 1160
(Operating at 1-7/8 IPS)

Antenna Mark Products Company
H-450 helix

Power 115 vac, 60 Hz
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2.0 Operating Instructions

2.1 MAT Wing Inflation and Rigging

1. Lay Wing out flat with tabs down.

2. Insert hose into one of the rear nozzles and tape to seal.

Roll the other nozzle up and tape. "Magic" mending tape (3M #810)
works well for taping valves.

3. Begin inflation at 25 psi valve pressure.

4. Secure Wing from tabs as shown in Figure II.

5. When Wing becomes nearly inflated, gradually decrease

pressure until all wrinkles are gone, then shut off gas, remove hose
and seal valve.

6. Inflate fins in the same manner.

7. Tie the fins with nylon line as shown in Figure III.

8. Proceed to assemble the rigging as shown in Figure IV.

Start by tying lines labeled 1R, 2R, and 3R to their respective tabs,

then to the payload bar so that the length of the middle line (2R) is

approximately 16 ft. Tie IF, 2F, and 3F to the same tabs, then

to ring A with the middle line (2F) approximately 14- ft. Continuing

with the same lines, tie to ring C. Also at C, tie one end of the

elastic line and one end of the limit line labeled 5. Connect the other

end of 5 to B. The main tether line will then tie at B and A with

sufficient slack so that the load is carried by the limit line C B. In

this way, if the Wing stalls, or high winds cause excessive lift forces,

line C B will break and the pitch angle will be greatly reduced allow-

ing the vehicle to be retrieved .

9. Fasten a dummy payload in the cradle of the payload bar as

s hown in Figure IV.
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10. To achieve the proper pitch angle for flight, hold only the main

tether line and hook the tail to point E so that the bottom edge of the

Wing is nearly horizontal.

If the distance B-F is too long, the vehicle will tend to nose

dive in flight. If E-F is too short, excessive lift forces or stall

may occur. The best situation is where any additional length of E-F

will cause a nose dive. The necessary adjustment, prior to launch,

should be made in mild winds letting the Wing rise to 50 ft for

observation.

Once the rigging is adjusted appropriately, a final top-off of gas

can be made and the vehicle is ready for launch. When launching,
0

never let the angle from vertical exceed 45 and always keep some

tension on the tether. If the Wing is allowed to rise freely, it may

spin around and snarl the lines. When retrieving the Wing, keep

the line speed below 6 ft/sec.
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FRONT VIEW SIDE VIEW

Fig. II. Wing mooring details

REAR VIEW

Fig. III. Rear view sketch of wing
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Fig. IV. MAT Wing rigging
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2.2 Ground Station Setup

Figure V shows the interconnections for the various ground

station components. The discriminator and chart recorder are not

needed for data collection if a real-time presentation of the data

is not required. If it is desired to observe the data as it is

collected, the discriminator and chart recorder or calibrated

oscilloscope should be connected and the MONITOR switch on the

back of the Ampex should be turned on.

The discriminator should be calibrated as outlined in the

Airpax manual. The output is normally set to + 1 vdc for + 7. 5%

input frequency deviation.

It is advisable to use a well stabilized (0. 1%) frequency source

to power the tape recorder. Even though tape speed variations are

compensated for by comparing the data channels to the reference

channel, it is much easier to reduce the data if the tape speed is

stabilized. It is not necessary to regulate the power source voltage

as long as it remains between 100 and 135 v ac.



H -450 SPEAKER

ANTENNA OR PHONES

AUDIO
FMQ OUT AMPEX RECORDER sPKR (R)

RECEIVER LINE IN OPERATED
(L) AT i 7/siPS 4

MIC DISCRIMINATOR 
OUTPUT

+ i volt

MICROPHONE

STRIP CHART RECORDER
(ADJUST-ED TO CENTER ZERO

AND FULL SCALE READING
OF SYNC PULSE)

Fig. V. Ground station interconnection diagram
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2. 3 Winch Operation

The winch has four modes:

1. out slow

2. out fast

3. in slow

4. in fast

The line speed is approximately 32 ft/sec in the slow position and

7 ft/sec in the fast position.

A tension controller (see detail Figure VI) is used to limit

the pull-in tension exerted on the line by the winch and to prevent

line spew if pay-out tension is too low. A knurled knob, near the

microswitch, is used to control the tension limit. The knob should

be turned in approximately 6- turns from the end during pull in and

approximately 2- turns during pay out.

The control panel has three switches. The two on the right

control the direction and should always be turned together. The

switch on the left turns on the winch and selects the speed.

A clutch on the right side of the drum can also be used to

start or stop the winch.

The following operating steps can be used as a guide:

Paying Out

1. Power switch off

2. Switches in out position

3. Knurled knob 2; turns from end

4. Clutch out (lever toward the rear)

5. Power switch on fast

6. Clutch in (lever toward the front)
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Fig. VI. Ground station and limit switch detail
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Allow the Wing to rise to the desired altitude, If the limit switch

keeps turning off, change the speed to slow. Slight adjustment of the

knurled knob can be made, if necessary.

Holding

1. Clutch out

2. Power switch to off

Pull In

1, Direction switches to in position

2. Knurled knob 62 turns from end

3. Power switch to slow

4. Clutch in

5. Power switch to fast

If the limit switch keeps turning off, keep the speed on slow. Bring

the Wing down to within 50 ft, then change to slow.

6. Clutch out when Wing is at 20 ft.

7. Power off
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2. 4 Prelaunch Checkout of Instrument Package

1. Measure the battery voltage by connecting an accurate dc

voltmeter to the tip jacks on the bottom of the payload. Positive

battery will read at least 13 v between + jack and ground jack at

full charge and less than 12 v at full discharge. Negative battery

will read at least 10 4 v between - jack and ground at full'-charge

and less than 9. 6 v at full discharge. Fully charged batteries will

operate the payload for 6 hr. (Positive battery should be charged

for 14 hr from a constant current source of 50 ma and the negative

battery for 14 hr from a constant current source of 25 ma).

2. Turn on POWER SWITCH and hold SET button in for 30 sec.

3. Verify that the payload is properly transmitting by receiving

it in on the ground receiver. A clean audio tone deviating from

3 KHz should be heard. It should be possible to recognize the time

pattern established by the sync pulse. (A long high tone in each

frame) 

4. Check that the anemometer can freely rotate and that the four

antenna rods are firmly screwed in.

2. 5 Launching and Flight

1. Connect the instrument package to the MAT Wing with bolt,

wing nut and keeper (See Figure IV). The arrow on the top of the

package should point to the front of the Wing.

2. Adjust the tape recording level of the data channel to -10 db on

the left recording meter. (Refer to Ampex Operator's Manual for

additional operating instructions)

3. Start the tape in motion and reset the tape length counter

to zero.
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4. Using the voice channel and microphone, indicate the sounding

time, tether line indicator reading and other desired information.

5. Put the winch in the Paying Out mode and allow the Wing to

rise to the desired height. (See Sec 2. 3)

6. During flight occasionally check the tuning of the receiver and

adjust the recording volume to maintain a level of -10 db.

7. Voice identify the tether line indicator reading every 1000 ft

and other desired information such as time, etc.

8. Pull in the Wing following the procedures of Sec 2. 3.

2. 6 Data Reduction

2. 6. 1 Manual Data Reduction

If the commutation rate is decreased, a standard strip chart

recorder can be used to reduce the tape recorded data. The audio

output from the data channel of the tape recorder is converted to a

dc voltage by the Airpax discriminator. The response time of the

chart recorder will normally determine the maximum commutation

rate that can be used in the payload. A normal servo strip chart

recorder will have a full scale pen travel time of 1 sec. This will

limit the commutation rate to approximately one channel every 2 sec

for satisfactory recorder writing. (See Sec. 5 for commutator

adjustment) Using this technique, it is possible to identify the

individual data channels since the sync pulse is unique (full scale

and three channels wide). The word frame format is shown in

Figure VII.

The output of the discriminator is normally adjusted for + 1 vdc.

It is advisable to allow a 30-min warm up before use. (Refer to

the Airpax Manual for additional information) The recorder

should be adjusted to maintain the sync pulse at full scale and the



TIME

FRAME-SYNC PULSE

i 00 %--- - - -- -

(5)

(3)
(6)

(2)
(4)

(7)

(8) 

00/0%DATA.

DATA
CHANNEL NO. PARAMETER RANGE

- SYNC

2 HEIGHT 0- 3000 ft

3 TEMPERATURE - 5° to + 35 ° C

4 HUMIDITY 10% to 95% R H.

5 WIND SPEED 0- 20 m/s

6 WIND DIRECTION 0°-360° (CLOCKWISE)
7 SPARE

8 SPARE

Fig. VII. Word frame format
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base line between channels at zero. This will automatically reference

the data channels and compensate for minor variations in tape speed

and telemetry drifts.

Once the recording is complete, the tops of a particular

channel can be joined together with a colored pencil. A different

color can be used for each channel, to simplify the visualization of

the data. If it is desired to obtain soundings at discrete heights,

shorter chart recordings can be made. In this case, the tape

recorder is advanced until the desired height is located and then a

chart recording of adequate length to obtain statistical significance

is made.

It should be noted that the height channel repeats after 3000 ft.

Thus, a midscale reading could be read as either 1500 or 4500 ft.

No ambiguity exists if a continuous record is examined, since it is

possible to note the number of times the height channel has repeated

from launch. This is not the case if random recording samples are

made. For this reason, it is advisable to record, by voice, the line

length indicator reading (located on the winch boom) at 1000 ft intervals.

Then any question about the height reading can be quickly resolved by

listening to the voice channel.

The wind direction for increasing output will read clockwise

i.e. N-W-S-E, and must be connected by the local magnetic

declination.

All data outputs are linear and read out directly, with the

exception of humidity, which must be obtained interpolated from

individual element calibration charts.
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2. 6. 2 Automatic Data Reduction

The word frame from the payload is essentially PAM-2 and

can be decommutated by a variety of units that are designed for

space telemetry applications, such as the EMR Model 185-26. It

may benecessary to reduce the lower excursion of the data channels

to achieve proper automatic decommutation (See Sec. 5). Such a

decommutator synchronizes to the word frame and automatically

sorts out the individual data channels. These outputs are continuous

and can be recorded by separate or multiple pen recorders. When

automatic decommutation techniques are used, it is possible to use

a much faster commutation rate. * The commutation rate, in this

case, is limited by the telemetry channel. Although the maximum

commutation rate can approach 50 channels/sec a conservative

maximum would be 20 channels/sec. At this rate each sensor on

the payload would be sampled approximately every 2 sec. This

appears to be a satisfactory rate in view of the transducer response

times and maximum vertical velocity of the payload.

It is also possible to use a digital computer to decommutate

the word frame. Several programs have been written for this

operation, and it has the added advantage that the processed data is

directly computer digestible. As in the previous case, maximum

commutation rates can be used.

* Fast commutation rate can also be used for "manual" reduction

if high frequency chart recorders are utilized.



20

3. 0 Theory of Instrument Package Operation

Introduction

The payload consists of transducers for height, temperature,

humidity, wind speed and wind direction; a seven channel commutator-

voltage control oscillator; a 403-MHz transmitter; and a 6 hr re-

chargeable battery supply (Figure VIII). All active devices are

solid state, and printed circuit boards are used for most of the

circuits. Conservative design practices have been used to improve

the long-term reliability. Use has been made of integrated circuits

to further improve the reliability and to reduce the weight and size

of the payload.

3. 1 Transducers

3. 1.1 Height (Figure IX)

The height of the vehicle is measured with a temperature

compensated pressure altimeter which is calibrated so that the

indicating needle makes one revolution for every 3000 ft change in

altitude. An opaque cylinder containing a light slit is attached to

the needle to convert the altimeter reading to a dc voltage analog.

A regulated light source (DS-1 in the circuit diagram) illuminates

the slit. The attenuated light is detected on the inside of the cylinder

by a light sensitive field effect transistor Photofet (Q-l) so that the

magnitude of the Photofet source current is proportional to the

angular displacement of the needle, which indicates height. The

output of Q-l, connected as a source follower, is compared by a

difference amplifier (N-l) (integrated operational amplifier) with

the output of a similar Photofet (Q-3) which receives a portion of the

light from DS-1. The output of the difference amplifier (N-l) is

adjusted so that a 360 rotation of the altimeter needle causes the

voltage to vary from 0 to 100 myv. The gain of the reference Photofet



HEIGHT

ALTIMETER O-lOOmv
WITH OPTIC

WIHREADOUTI 100 my REFERENCE VOLTAGEREADOUT
CROSSED DIPOLES

CIRCULAR
TEMPERATURE POLARIZATION

LINEAR O-iOOmv
THERMISTOR

NETWORK

RELATIVE HUMIDITY C^T^^EDRELATIVE HUMIDITY SOLID STATE 0-100 mv CONTROLLED Hz TRANSMITTERH
COMMUTATOR FM TRANSMITTER

SEMICONDUCTOR 0-100 I OSCILLATOR
HUMIDITY mv
ELEMENT -
NETWORK

WIND SPEED

3 CUP| 3 CUP tsX l l -9.6v + 12v
ANEMOMETER 0- iOOmv 
WITH RATE
NETWORK

WIND DIRECTION NICKLE CADMIUM
BATTERIESMAGNETIC

OMPAGETI 0-OOm I( 6 hrs Life)COMPASS WITH
OPTIC READOUT

0-1OO mv
SPARE O-m

O0-100 mvSPARE 0- 

Fig. VIII. Instrument package block diagram
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CR-1
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o0_______________________ ________________ I —,»b , *-9.6 v DC

-6v DC
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TEMP. BOARD) R R-9

f fD R-18
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R12K- Imeg 0 — - R-iIO imeg Q-2 0-3 39K
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Fig. IX. Circuit diagram - altimeter and wind direction
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(Q-3) is adjusted by R-17 so that varying illumination levels do not

shift the "dc" operating point of the difference amplifier.

3.1.2 Wind Direction

The readout for the magnetic compass is similar and uses a

compass mounted slit and Photofet (Q-2). Difference amplifier

N-2 uses the same reference voltage from Q-3. The output of the

difference amplifier (N-2) is also adjusted so that it varies from 0

to 100 mv as the compass rotates through 360 . The compass

references the package to magnetic north, therefore the actual wind

direction must be obtained by correcting for the local magnetic

declination.

The Photofet currents are adjusted for minimum temperature

drift and the lamp voltage is temperature and voltage compensated.

3. 1. 3 Temperature (Figure X)

The free air temperature is sensed by a composite thermistor

assembly (RT-1). This assembly and a composite resistor (R-6 and

R-7) form a very accurate and linear temperature transducer. This

network is driven from + voltages derived from temperature compen-

sated Zener diodes (CR-1 and CR-2). The negative voltage is

divided by R-8 and R-9 and is used to establish the operating point of

the network, i.e., the zero output voltage temperature. The positive

voltage is divided by R-4 and R-5 and establishes the "gain" of the

network, in volts per degree centigrade. These voltages are set so

that the network output varies from 0 to 100 mv as the temperature

varies from -15 0 C to + 35 0 C.

Siliconix Application Note, "Biasing UNIFETs to Give Zero
DC Drift".
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Fig. X. Circuit diagram - wind speed, temperature, humidity
Fig. X. Circuit diagram- wind speed, temperature, humidity
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3.1.4 Humidity (Figure X)

The humidity is sensed by a semiconducter element (RT-2).

The resistance of this element varies in a nonlinear positive fashion

with humidity. Because there is such a wide variation between

elements a separate calibration curve must be made for each element.

Regulated + voltages are derived from R-15 and R-12 which are

adjusted for the operating point and gain as in the case of the

thermistor network.

3. 1. 5 Wind Speed (Figure X)

Wind speed is measured by a three-cup anemometer. A

magnet projecting from the side of the hub of the anemometer passes

over a magnetic tape recording head (L-l). Each pass of the magnet

induces a small pulse (typically 10 mv pk. at threshold velocity) in

the coil of the head. This pulse is sensed by an integrated voltage

comparator (N-l). The comparator changes state if the pulse is

greater than the comparator threshold (established by R-20). This

causes a conventional mono-stable multivibrator (Q-1 and Q-2) to

generate a pulse of accurate width and height. Pulses generated by

the rotating cups are averaged by C-ll and R-28, and the pulse width

is adjusted by R-24 so that at 16.7 rps (corresponding to 20 m/sec

wind velocity) the output will be 100 mv. Wind tunnel tests of the

anemometer show that the rotational speed of the cups is linear with

wind velocity over the total operating range of > 0.1 to 20 m/sec.

The multivibrator period is temperature stabilized and the pulse

height is regulated by a Zener diode (CR-4).

3.2 Commutator (Figure XI)

The commutator consists of a clock, a ring counter, and field

effect transistors (FET) analog switches. The clock is an astable
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multivibrator (Q-10 and Q-11) which can be adjusted from 0. 5 Hz to

50 Hz by changing the value of C-12 and C-13 and/or R-44 and R-45.

The output of the clock is shaped into a 7 -sec negative pulse by a

saturating amplifier (Q-13) and is used to shift the ring counter.

The ring counter uses Silicon controlled switches (SCS) in a

conventional circuit. The voltage levels of the anode gates directly

drive the FET analog switches. When an SCS conducts the correspond-

ing FET, gate-to-source voltage become s much less than pinch-off

and the FET switch is closed, which connects the transducer to the

voltage controlled oscillator (VCO). If no other signal was connected

to the FET gate, the switch would remain closed for the entire clock

period (100% duty cycle). Therefore, a complementary clock pulse

from Q-ll is used to open the FET switch through the second half of

the clock cycle. Thus, each of the transducer channels remains on

for one half of the clock period (50% duty cycle). The VCO buss line

is clamped to ground (through R-31) during the off period of the

transducer channels by an additional FET switch (Q-l) driven from

the clock pulse generated by Q-12.

A three-channel-wide sync pulse is formed by the first two

SCS's in the ring (SCS-1 and SCS-2) in the following manner: at the

start of the first clock pulse, SCS-1 fires and Q-2 is turned on since

the gate grounded through diode CR-12. During the second half of the

clock period, the zero clamp FET (Q-l) remains off because the base

of Q-12 is grounded through CR-32. Also, the complementary clock

pulse to the gate of Q-2 is blocked by CR-12. At the start of the

second clock pulse, SCS-2 fires and SCS-1 opens. Q-2 remains on

since the positive voltage from R-5 and R-32 is blocked by CR-3.

During the second half of the second clock period, Q-2 is switched

off by the complementary clock line through R-34 and CR-14, and the
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zero clamp FET Q-1 is turned on in the normal manner. Diode

CR-13 keeps Q-2 off for the remainder of the frame.

A 100 mv dc voltage is established by R-2 and R-3 on the

Anemometer, Humidity and Temperature Board. This voltage is used

as a full-scale reference for the sync channel (#1) of the commutator,

The voltage transient that occurs when the payload is turned on may

cause more than one of the SCS's to fire. In order to insure proper

commutation, a set button is connected between the anode gate of

SCS-1 and ground. When the button is depressed, SCS-1 is held on

allowing all the SCS's to be properly set. This will occur in one

word-frame period. The button can then be released anytime after

this period and normal commutation will begin.

3.3 Voltage Controlled Oscillator (Figure XII)

The VCO is comprised of a high-performance integrated

operational amplifier, a temperature -compensated voltage-controlled

bistable multivibrator, and 3 KHz filter.

The integrated operational amplifier (N-l) is connected in a

noninverting configuration. The gain of the amplifier is approximately

15 and the frequency compensation is conservative. The input im-

pedance is quite high (> 100 KJa) allowing the use of inexpensive FET's

with moderate "on" resistance in the commutator. The amplifier

requires shielding to avoid large voltage offsets caused by the r-f

field of the transmitter.

The output of the amplifier is adjusted by R-8 and controls the

base current of the multivibrator, thereby controlling the charging

time of C-ll and C-12. The collectors of the multivibrator are

clamped by a temperature sensitive network comprised of R-9, R-10,

and CR-3, CR-4. The forward bias current of these diodes is con-

trolled by R-10. By varying R-10 it is possible to compensate the



R-1 R-7
47,m 470Q

+12vDC —_ _———_———
C-1 CR-2 *

+ 47Af IN823A 10
IT C-7 R-11 -

R-3 R-14 
C-1 CR-LR-9 CR-S CR-I R-1

".O lt 20KI __1_I—_— —_—1 CR-6 oo I —-- _ 
*L 

OMfEiTALO 
FDM6000 R

CENTER S 
/ooiFf FREQ. C- o 5ci"o 0-3-
C-2

-I^v B_- __/ U r—^I · t2N3565

N-i
6 k 709 0-2

C-3 rN3565
.001ufl C-4 5 3

.001, f N AP R-16 C-1 4

82K 20K 0i 10 4 OUTPUTTO
- .. '001R COMR-3 i TRANSMITTER M

If R-5 DEV. FDMWOOO
- 1 "1 FMOORi RADJ. UTC 12K 
—1—R IRMI ITMNF-3 R-17

R-.C4-4 FILTER -
——FDMiOOO I— — i — 1 —2 —

4.C-9 22 K220~ R-2 R-4 C R-IO R

-9.6 v DC 

C-IO CR-I
47Rf- - IN823A

—I— .-- — -* METAL FILM RESISTORS

ALL FEED-THRU'S ARE ERIE 1204-050

Fig. XII. Circuit diagram - voltage control oscillator



30

temperature caused frequency variations resulting from junction

voltage shifts of Q-1, Q-2 and CR-5, CR-6. The square wave out-

put of the multivibrator is filtered into a sine wave by a UTC 3-KHz

telemetry filter. The filter is driven from an emitter follower (Q-3)

to isolate the multivibrator and to provide the proper drive impedance.

Voltages for the multivibrator are controlled by temperature

compensated Zener diodes (CR-1 and CR-2).

3.4 FM Transmitter (Figure XIII)

A conventional tuned-collector, tuned-emitter LC oscillator is

used. It has good efficiency at a power output of approximately 50 mw

at 403 MHz. The frequency is adjusted by C-2 and the optimum

oscillation point is adjusted by C-1.

The frequency is modulated by Q-2 using the voltage variable

capacitance of the reversed biased collector, base junction. A

modulation index of 5 can be obtained at 3 KHz.

The antenna consists of two sets of orthogonal quarter wave

dipoles with one set delayed by 90 . The 900 delay is produced by

a short section of coaxial cable. The resulting radiation is circularly

polarized.

3. 5 Power Supply (Figure XIII)

Power is supplied from two 6 v 0. 5 ah nickel cadmium

batteries and one 9. 6 v 0. 25 ah nickel cadmium battery. They will

operate the payload for approximately 6 hr. The batteries can be

recharged for many cycles and provide a low impedance, flat dis-

charge source. Battery voltage regulation is accomplished by Zener

diodes as mentioned previously.
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4. 0 Calibration and Maintenance

4. 1 Instrument Package Calibration

4.1.1 Transducers

It is advisable to remove the height and compass assembly

from the package before calibration is attempted. Care should be

used in handling the assemble so that the delicate light slit cylinder

of the altimeter and compass are not damaged. It is also important

to shield the assembly from strong light sources. The following

calibration procedure should be used:

Height Calibration

1. Remove the altimeter by unscrewing the 3 nylon bolts holding

the top plate.

2. Carefully tape down the altimeter needle tip to the dial. This

will allow the needle to be manually moved by turning the large

outside ring of the altimeter.

3. Replace the altimeter and secure with the three bolts.

4. Turn on the POWER SWITCH and verify that the battery voltage

plus supply is greater than 12.2 v and the minus supply is greater

than 9.7 v. Charge the batteries, if necessary. Push SET BUTTON

to start commutator.

5. Connect an accurate dc voltmeter (> 1% accuracy when measuring

100 my) between the altimeter output, slider of R-6, and ground.

6. Rotate the large outer ring of the altimeter + 180 and note the

minimum and maximum voltage readings on the voltmeter.

7. If these readings are not 0 and 100 my respectively, move the

ring until minimum output voltage is reached (Caution - do not move

more than + 1800 and adjust R-2 for zero output voltage).

8. Move the altimeter ring until a maximum reading is obtained and

adjust R-6 for 100 myv output voltage.
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Wind Speed Calibration

1. Verify supply voltages as in step (4) above.

2. Connect a suitable voltmeter to the output of the compass, slider

of R-14 and ground.

3. Rotate the compass by using the eraser end of a pencil (avoid

tipping the compass) until minimum output voltage is reached, as

noted on the voltmeter.

4. Adjust R-10 for zero output voltage.

5. Rotate the compass until maximum output voltage is reached.

6. Adjust R-14 for 100 mv output voltage.

Tern perature

1. Turn on the power switch and verify that the battery voltage plus

supply is greater than 12.2 v and the minus supply is greater than

9.7 v (Charge the batteries, if necessary). Push SET BUTTON to

start commutator.

2. Connect a suitable dc voltmeter (> 1% accuracy when measuring

100 mv) between the slider of R-5 and ground. Adjust R-5 for a

voltmeter reading of 221 mv.

3. Connect the voltmeter between the slider of R-8 and ground and

adjust R-8 for a voltmeter reading of -75 my.

4. This adjusts the temperature measuring range of the instrument

to -15 0 C to + 350 C. Other temperature ranges can be measured by

readjusting these voltages as follows:
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-2
e2 = -k (0. 675 x 10 T + 0. 355)

14. 8
k =- T -T

1 2

e1= e2+k

where:

T = highest temperature, in C

T2 = lowest temperature, in C

e = voltage between R-5 slider and ground, in volts

2 = voltage between R-8 slider and ground, in volts

Humidity (Figure X)

The "Hygropak" elements HA-26 have wide variations of

absolute resistance. This requires first an individual calibration

chart of resistance vs. humidity and second a readjustment of the

humidity calibrating resistors R-12 and R-15 for each element.

The circuit is designed to use an element with a nominal resistance

range of 25 to 125 1 for an R.H. change of 10 to 95%. It will

accommodate elements that deviate from these values by no more

than + 25%. The following procedure should be used to adjust the

humidity circuit to a precalibrated humidity element:

1. Turn on POWER SWITCH and verify that the battery voltage plus

supply is greater than 12.2 v and the minus supply is greater than

9.7 v. Charge the batteries, if necessary. Push SET BUTTON to

start commutator.

2. Remove the element from the socket under the radiation shield at

the top of the package. (Caution - avoid touching the active surface of

the element and avoid storing near tobacco smoke).
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3. Connect a resistance decade box (0-1000 - in 0. 1 SI steps)

across the element socket.

4. Connect a voltmeter of suitable accuracy (> 1% when measuring

100 mv) between the side of the decade box that is connected to C-5

and ground.

5. Set the decade box to the resistance value corresponding to the

element's resistance at 0o R.H. Adjust R-15 for a zero voltmeter

reading.

6. Set the decade box to the resistance value corresponding to the

element's resistance at 95% R.H. Adjust R-12 for a 100 mv volt-

meter reading.

7. Repeat steps (5) and (6) until the voltmeter readings are exactly

0 and 100 mv.

Wind Speed (Figure X)

1. Turn on POWER SWITCH and verify that the battery voltage plus

supply is greater than 12. 2 v and the minus supply is greater than

9.7 v. Charge the batteries, if necessary. Push SET BUTTON to

start commutator.

2. Connect an audio signal generator through a 1 mfd capacitor to

the junction of the recording head and R-18.

3. Connect an oscilloscope to the collector of Q-2.

4. Adjust the generator frequency to 16.7 Hz. Adjust the generator

amplitude so that the multivibrator is firing regularly as evidenced

by the oscilloscope. Pulse should be approximately 20 m/sec and

9 v pk,

5. Connect a suitable voltmeter (> 1% accuracy when measuring

100 my) between the junction of CR-5 and C-ll and ground.

6. Adjust R-24 for a 100 mv voltmeter reading.
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7. Disconnect the generator

8. Slowly rotate the cup assembly and note, by observing the

oscilloscope, if the multivibrator is firing. If it is not, adjust R-20

slightly. Do not adjust R-20 to a point where the comparator is

falsely triggering the multivibrator without cup rotation.

Reference Voltage (Figure X)

1. Turn on POWER SWITCH and verify that the battery voltage plus

supply is greater than 12.2 v and the minus supply is greater than

9.7 v. Charge the batteries, if necessary. Push SET BUTTON to

start commutator.

2. Connect a suitable voltmeter (> 1% accuracy when measuring

100 my) between the slider of R-3 and ground.

3. Adjust R-3 for a 100 mv voltmeter reading.

4.1.2 Commutator (Figure XI)

There are no calibration adjustments necessary for the

commutator, however, it may be necessary to change the clock rate

to accommodate different data reduction systems. The following

general procedure should be used:

1. Turn on POWER SWITCH and verify that the battery voltage plus

supply is greater than 12.2 v and the minus supply is greater than

9.7 v. Charge the batteries, if necessary. Push SET BUTTON to

start commutator.

2. Connect an oscilloscope with a calibrated time base to the

collector of Q-10.

3. The clock rate can be increased by decreasing the resistance of

R-44 and R-45 and/or by decreasing the capacitance of C-12 and

C-13, and the rate decreased by the reverse procedure. Care should

be taken to keep the values on both sides equal. The resistance values
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should not exceed 300 K Jn and quality tantalum capacitors should be

used. The following component values can be used as a guide:

Clock rate, Hz or C-12, C-13 R-44, R-45
channels / sec

0.5 56 mfd 120 k
2.5 l0 mfd 120 k
20 1 mfd 120 k

4. After the clock rate is adjusted, connect an oscilloscope to the

collector of Q-13.

5. The negative pulse should have a width of 7, + 2/sec. Adjust

C-14, if necessary.

4.1. 3 Voltage Controlled Oscillator (Figure XII)

1. Remove the wire to the feed through C-8 and temporarily connect

a 5 KA resistor between C-8 and ground.

2. Connect a frequency counter between the junction of C-14 and

R-17.

3. Turn on POWER SWITCH and verify that the battery voltage plus

supply is greater than 12.2 v and the minus supply is greater than

9.7 v. Charge the batteries, if necessary. Push SET BUTTON to

start commutator.

4. Adjust R-9 until the counter indicates 2. 775 KHz.

5. Remove the resistor and reconnect the input wire.

6. Check calibration of reference voltage (Sec. 5.1. 1)

7. Hold the SET BUTTON in.

8. Adjust R-8 until the counter indicates 3. 225 KHz. (Wait for one

frame period before making adjustment).

9. Release SET BUTTON

10. Repeat the procedure to insure the most accurate calibration.
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4.1, 4 FM Transmitter (Figure XIII)

The transmitter should be adjusted while installed in the

complete package, but with the batteries removed. There should
be no large metal objects in the immediate vicinity of the antenna

rods. (Caution - antenna rods are at + 12 v dc with respect to
system ground).

1. Turn on POWER SWITCH and verify that the battery voltage plus

supply is greater than 12. 2 v and the minus supply is greater than

9.7 v. Charge the batteries, if necessary. Push SET BUTTON to
start commutator.

2. Tune the FMQ receiver to 403 MHz and attach a short antenna to
the antenna input "N" connector (J 101).

3. Disconnect the + 12 v line that is connected to the transmitter

"ground" and insert a 0-15 ma ammeter.

4. Adjust C-12, using a short screwdriver, until the signal is

received.

5. Adjust C-l for minimum reading on the ammeter (should be

approximately 8 ma)

6. Readjust C-2 to bring transmitter back to 403 MHz.

7. Repeat steps (4) and (5).

8. Disconnect ammeter and reconnect +12 v line.

4.2 System Maintenance

4. 2.1 Instrument Package

The instrument package requires no routine maintenance with

the exception of battery charging. The anemometer bearings are

permanently lubricated and should not be oiled. It is advisable to

calibrate the package at regular intervals and to replace the humidity

element if it becomes contaminated by smoke or water.
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4.2.2 MAT Wing

Minor leaks in the Wing should be repaired by applying EC 847

or EC 4475 over the hole and allow it to dry for 15 min. A "Ger-Pak"

polyethylene tape patch should then be placed over the area.

4.2. 3 Ground Station

Normal maintenance procedure should be used for the FMQ

receiver, Airpax discriminator and Ampex recorder as outlined

in their respective manuals.

The winch batteries should be kept charged and the winch gear

case should be kept full of gear oil.

Tether line condition should be constantly monitored and the

line replaced when any wear is visible.
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