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Introduction

This manual describes the VLBA Weather Station, an instrument to measure and record 
atmospheric conditions at each VLBA antenna site. The weather station is multi- 
component, and includes devices for measuring the ambient temperature, dew point, wind 
speed, wind direction, atmospheric pressure, and rainfall. The sensors are electrical 
devices that respond to atmospheric changes, thus generating scaled analog signals that 
are converted into digital form for ease of data communication and event recording via a 
time serial Monitor and Control Bus.

Manual Overview

This manual provides functional descriptions of the weather station, each sensor, and 
panel mount assemblies inside the electronics enclosure. Descriptions of any additional 
hardware assemblies are included. The sensors and the panel mount assemblies are 
explained in detail in each sub-section in the theory of operation. Schematics, wiring 
diagrams, cable interconnections, enclosures, tower, and panel mounting information for 
the weather station are also in this manual. The appendices are the product manuals for 
the TSL Model 1063 Hygrothermometer, the Qualimetrics sensors and instrumentation, 
the A.I.R. barometer, the power supply, and the box heater. Also included is an appendix 
for the schematics and drawings referred to in the text portion of this manual.
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VLBA Weather Station Overview

Each weather station has a 10m tower for mounting the TSL Hygrothermometer, wind 
speed and wind direction sensors. A hank-crank winch allows for lowering and raising 
the tower when sensor replacement or maintenance is necessary. A lightning rod, ground 
strap and copper rod are used in concert for a low resistance path to ground in the event 
of lightning strikes.

The bulk of the electronics are housed in a NEMA 4 standard type enclosure placed next 
to the tower for convenient cable interconnection. The various signal processing and 
conditioning circuit boards, terminal strips, power distribution, surge protection, heater, 
and barometer are panel mounted within the enclosure. Situated near the enclosure is the 
rain gauge. The tower, electronics enclosure, and rain gauge are mounted on a level 
concrete slab adjacent to each antenna.

Plate 1 illustrates the VLBA Weather Station tower & sensors, electronics enclosure and 
rain gauge.

Monitor and Control functions are routed through a VLBA Standard Interface Board and 
interfaces to the VLBA Telescope Monitor and Control System. It is panel mounted 
inside the enclosure. The Standard Interface Board functions as a serial-parallel 
converter to interface the Monitor and Control Bus to the devices that are to be controlled
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or monitored. Through this system weather conditions can be monitored remotely in 
real-time as long as there is power at the VLBA antenna site and the main commercial 
communication link is operative.

Fiber optic cable is used for the communication link from the electronics enclosure to the 
station control building. This was the preferred method chosen to isolate the weather 
station from the control building in case of lightning strikes to the 10m tower.

Figure 1 is the VLBA Weather Station Control Drawing, C55006Y001. It is a 
generalized drawing that exemplifies the general layout, construction, and components of 
the weather station at a VLBA antenna site.

VLBA Weather Station Functional Description

The purpose of the VLBA Weather Station is to measure atmospheric conditions at each 
VLBA antenna site, and is a system level component of the VLBA Telescope Monitor 
and Control System. The weather station does several important tasks necessary for 
observational data, operational status and safety at each antenna.

Measurements of the ambient temperature, dew point, and barometric pressure are used 
to calculate the amount of water vapor in the lower atmosphere. Corrections can then be 
made for pointing the antenna with respect to the position of the observed radio source. 
Additionally, any rapid changes, for example a large drop in the barometric pressure can 
indicate an approaching storm condition. The barometer can also be used as an indicator 
for any variance in altitude at site locations.

For safety there are three wind speed sensors at each VLBA antenna site. One is on the 
10m tower and is the weather-recording instrument. Although not part of the weather 
station, the other two are mounted on opposite sides o f the antenna dish. This 
redundancy is in case the position of the antenna blocks the weather tower from the wind, 
and provides a reliable method for determining when to stow and avoid climbing the 
antenna. The M l06 Wind Speed Interface Module combines the wind status from all 
three sensors into a single condition for stowing the antenna. Harm to an antenna or 
personnel can occur in high wind conditions, and it is important to stay clear and stow the 
antenna before winds exceed the boundaries of safety.

Knowing the direction of the prevailing wind is important, especially during hurricane 
season in the Caribbean. By anticipating the direction a weather phenomenon or a fire is 
headed, preventive steps can be taken to protect equipment and personnel. Furthermore, 
wind loads are capable of increasing motor currents, and changing the position of the 
antenna in accordance to wind direction can prevent excessive current flow in the drive 
motors.

Measuring the amount of rainfall or snow accumulated at an antenna is useful to the 
observational log entry for interpreting data, and to indicate to VLBA Operations if there 
are conditions preventing site accessibility. In addition, snow loading can produce undue 
stress on the mechanical structures in the antenna dish, but the antenna dish may be 
pointed toward the sun to hasten the melting process of snow or ice. Also, prolonged
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periods of heavy rain or snow usually makes apparent any leaks, and moisture can find its 
way into almost anything dubbed critical to antenna operation.

Sensor Descriptions

TSL Model 1063 Hygrothermometer and Aspirator Assemblies

The TSL Model 1063 Hygrothermometer and Aspirator assemblies are the components 
used to measure the ambient and dew point temperatures, and shall be affectionately 
referred to as the TSL for convenience from this point forthwith.

In reality, the TSL is comprised of transducers, monitor and control circuitry, and power 
supply electronics. The ambient temperature is measured directly. The dew point 
temperature sensor utilizes a closed-loop servo-system that controls a chilled mirror to 
obtain the dew point measurement. Data is exchanged via the TSL transmit and receive 
boards through a serial communication cable running from the enclosure mounted on the 
tower to the electronics enclosure.

The ambient temperature and dew point sensors are located in the aspirator assembly.
The aspirator assembly forces a uniform flow of air past the sensors and protects the dew 
point sensor assembly from the elements. It helps to eliminate any pressure gradients, 
moisture and contaminates from accumulating inside of the aspirator housing. Those 
conditions would interfere with dew point sensor accuracy.

A cable interconnection between the aspirator assembly and the TSL enclosure is the link 
between the sensors, the monitor and control circuitry, and the power supply.

Figure 2 is the VLBA Weather Station Temp/Dew Point Functional Loop Diagram, 
A55006W008. It is a generalized drawing that shows the various interconnections of the 
TSL, and Figure 3 is the Dew Point and Ambient Temperature Block Diagram.

Barometer

The barometer for the weather station is the Atmospheric Instrumentation Research 
(A.I.R.) Model AIR-DB-2AX. This instrument is a microprocessor controlled digital 
pressure transducer, and measures the atmospheric pressure in millibars.

The barometer is inside the electronics enclosure, and is connected to the digital 
electronics via a serial communication cable. The electronics inside the barometer are in 
a sealed weather resistant black anodized aluminum cover. Outside air is filtered to the 
barometer via a tube.

Figure 4 is the VLBA Weather Station Barometer Functional Loop Diagram, 
A55006W007. It is a generalized drawing that shows the various interconnections of the 
barometer, and Figure 5 is the Barometer Block Diagram.
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Dew Point and Ambient Temperature Block Diagram

Figure 3 Dew Point and Ambient Temperature Block Diagram
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Barometer Block Diagram

Figure 5 Barometer Block Diagram
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Plate 2 illustrates the barometer.

Wind Speed Sensor

Each wind speed sensor is a Qualimetrics Model 2030. The sensor is a 3-cup 
anemometer, and is designed to measure low wind speeds.

The construction of the unit is stainless steel and anodized aluminum to resist corrosive 
environmental conditions. The interconnection is made with a quick release waterproof 
connector and a two twisted-pair shielded cable from the sensor to the electronics 
enclosure.

Wind Direction Sensor

The wind direction sensor is a Qualimetrics Model 2020. This is designed for high 
reliability and a low threshold wind direction response.

Construction is similar to the wind speed sensor, with the exception of the vane itself. It 
has a reinforced, lightweight foam tail with a butyrate skin and a stainless steel 
counterweight. Interconnection is through a quick release waterproof connector and a 
three-wire shielded cable from the sensor to the electronics enclosure.

Figure 6 & 7 are the VLBA Weather Station Wind Speed & Wind Direction Functional 
Loop Diagrams, A55006W005 & A55006W006 respectively. They are generalized 
drawings that show the various interconnections to both the sensors, and Figure 8 is the 
Wind Speed and Wind Direction Block Diagram.
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W 6  AUI

r< M J -------------
CTAnDAW?
w terface  w

AM 6 -7
. " i C dRA-0 7 )

SHEET

of

■ ■ • ■ S| SP; 
-ijt

ITitle
WIND D IR E C T IO N
B i n c r i o n A L  L O O P  

P I A 6 R A M

NATIONAL RADIO 
ASTRONOMY 

OBSERVATORY
Socoiro, New Mexico

Drawn b*
'%ui Qwfcn

ASSOOfcVOOfe r-SgT.W B

VOoo
VOoo
<r>*Ti
<
cxo
o

h-)

ao

Uh
ao

T3a

a
#o

tS
55
Vh
<d

*=3
03
<L>

<CQ
>
r->

•IUh



Plate 3 illustrates the TSL, the wind speed sensor and the wind direction sensor.
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Wlndspeed and Wind Direction Block Diagram

A 3  A n a lo g  B o a rd

A 2  L o g ic  B o a rd

Figure 8 Wind Speed and Wind Direction Block Diagram
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Rain Gauge

Precipitation in the form of rain or snow is measured with the Qualimetrics Model 6021- 
B Electrically Heated Rain and Snow Gauge. These gauges are designed for corrosion 
resistance, and have a built-in level for proper installation.

This gauge has a tipping bucket with a switch closure. Each tip is equivalent to 0.1mm of 
depth measured over the surface area of the collection funnel. The gauge can be heated 
for site locations that usually receive snowfall.

Figure 9 is the Rain Gauge Block Diagram, however refer to Appendix 2 for further 
information and specification for the rain gauge.

Plate 4 illustrates the rain gauge and its mounting assembly.
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Rain Gauge Block Diagram

Figure 9 Rain Gauge Block Diagram
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Panel Mount Assembly Descriptions

Plate 5 illustrates the panel mount assembly and associated components inside the 
electronics enclosure.

A1 Standard Interface Board

The Standard Interface Board is a 6” x 6" x %" PC board appropriate for installation in an 
NRAO module, and is the heart of the communications link from each weather station via 
a time-serial Monitor and Control Bus. It is the general-purpose monitor and control 
interface in the VLB A Telescope Monitor and Control System.

The Standard Interface Board sends or receives data from the A2 Logic Board and the A3 
Analog Board. The A2 Logic Board implements the command and monitor data 
functions, device address and decode. The analog signals come from the A3 Analog 
Board, and are converted to digital form by the Standard Interface Board.

Interconnection between the electronics enclosure to the control building is through a set 
of fiber optic cables, consequently reducing the risk of damage in the event of lightning 
strikes or an external electrical source introduced on or near the weather station. Stow 
signals to the ACU in the antenna pedestal room from the A3 Analog Board is via twisted 
pair cable.

Figure 10 is the VLBA Weather Station MCB Addressing, A55006W010. It shows the 
MCB address assignments for the various monitor and control functions of the weather 
station.
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A2 Logic Board

The A2 Logic Board is a 6" x 7" wire-wrap board with a 100-pin edge connector. The 
logic board stores and distributes the digital information furnished from the sensors and 
their component parts to the Standard Interface Board when requested. It performs a 
variety of functions including address decoding, digital command and monitor decoding, 
as well as analog multiplexing to the A/D converter on the Standard Interface Board.

Detailed schematic drawings for the A2 Logic Board are in the theory of operation 
portion of this manual.

A3 Analog Board

The A3 Analog Board is a 6Va" x 7" PC board with two edge connectors, and an interface 
to the fiber optic link. It supplies signal conditioning for the ambient and dew point 
temperatures measured directly from the 10m tower. This is for detecting and setting a 
low temperature warning for the antenna ACU.

Conditioning for the wind direction and wind speed is provided, as well as warning levels 
for excessive wind velocities. There is also circuitry for setting the box hot and cold 
conditions, which turns on either the box fan or heater for moderating the enclosure 
temperatures.

Likewise, the detailed schematic drawings for the A3 Analog Board are in the theory of 
operation portion of this manual.

Plate 6 illustrates the Standard Interface Board, the A2 Logic Board and the A3 Analog 
Board.

A4 Wind Signal Processors

The outputs from the wind speed and wind direction sensors require a bit o f signal 
conditioning. The Wind Signal Processors are a conditioning system that provides for 
sensor load matching, sensor electrical isolation, as well as calibration and amplification 
of the sensor signals.

The Wind Signal Processors are housed in a single Signal Conditioning Module File, 
Qualimetrics Model 1023. It accepts a power supply module and two signal conditioning
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modules. Input and output signal lines to the modules are on terminal connector blocks 
located at the rear of the file.

Refer to Appendix 2 for detailed schematics of the wind speed and wind direction sensors 
and signal conditioning electronics.

Plate 7 illustrates the Wind Signal Processors.

A5 TSL Receiver Board

The A5 TSL Receiver Board is a 5" x 7" PC board with an edge connector. It receives a 
serial data stream from the TSL located on the 10m-weather tower.

The recorded ambient and dew point temperatures, along with the minimum and 
maximum temperatures are passed to the A2 Logic Board where they are loaded into data 
registers and readied for transfer to the Standard Interface Board.

The detailed schematics for the A5 Receiver Board are in the theory of operation portion 
of this manual.

Plate 8 illustrates the TSL receiver board and display card.
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A6 A.I.R. Digital Barometer

As described in the Sensor Descriptions above, the barometer for the weather station is 
the Atmospheric Instrumentation Research (A.I.R.) Model AIR-DB-2AX, a 
microprocessor controlled digital pressure transducer. It measures the atmospheric 
pressure in millibars.

Refer to Appendix 3 for the detailed schematics and addressing information for the A.I.R. 
barometer.

A7 Signal Protection Board

The A7 Signal Protection Board is assembled onto a single 5” x 9" PC board, 
Qualimetrics Model 10643. It bestows protection against surge currents created by 
lightning or electrical sources external to the meteorological instrumentation, thereby 
guarding the delicate circuitry located within the electronics enclosure. The circuit board 
contains components and terminals for 20 input signal lines.

Plate 9 illustrates the A7 Signal Protection Board

Surge protection is offered by self-quenching gas tube arrestors that feature rapid 
transient response and can withstand high follow currents. A resistor and inductor are 
used in conjunction with the spark-gap tube and a dual zener diode helps to slow and 
extinguish surge currents that are below the ionization threshold of the gas tube.

Refer to Appendix 2 for the detailed information of the signal protection board.

A8 Box Heater

The Box Heater for the electronics enclosure is a thermostatically controlled fan-driven 
unit, and is adjustable from 0°F to 100°F. It is a Hoffman Model A-DAH1001FT. The 
dimensions are 10/4” x 3” x 4", and the housing is anodized aluminum.

The fan draws cool air from the bottom of the enclosure and passes the air over the 
thermostat and heating elements before being released into the enclosure space. This unit 
helps maintain stable temperatures inside the enclosure, improving the reliability of the 
electronics within.
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Plate 10 illustrates the Box Heater.

A9 Data Display Units

The A9 Data Display Units are used to display the ambient and dew point temperatures, 
the wind speed, the wind direction, as well as +5 VDC. They also monitor the high and 
low temperatures.

The A9-1 is 6" x 5" x 4” panel mounted chassis that has data transmit LED’s that verity 
data flow from the electronics enclosure via the Monitor and Control Bus.

Interconnection is made to the A9-1 with a 25-pin D-type connector, and the A9-2 is a 3" 
x 3" PC board with an edge connector. It is a TSL Display Unit PCB, Model 1063-301.

Figure 12 is the VLBA Weather Station Data Tap Ass’y A9-1 Assembly, C55006A009. 
It is a schematic, assembly drawing and material list for this unit.

Plate 11 illustrates the Data Display Unit.
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PS1 Power Supply

The Power Supply is mounted on an aluminum-mounting bracket equipped with four 
captive screws for easy installation and removal on the panel inside the electronics 
enclosure. The power supply is ACDC Electronics Co., Model ETV-401 triple output 
DC. It requires 115 VAC power input.

The output voltages supplied are +5 VDC, as well as ±15 VDC. They are connected to 
the power bus terminal strip via a 14-pin AMP connector plug and socket arrangement, 
and the power supply is fused on the input side with a 2A, 250V fuse.

Figure 13 is the VLBA Weather Station Assy “PS1” Power Supply Assembly, 
C55006A006. It is a schematic, assembly drawing and material list for this unit. 
Appendix 4 contains more information regarding this unit as well.

Plate 12 illustrates the PS1 Power Supply.
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Additional Hardware Descriptions

AC Power Distribution Assembly

Power for the weather station is 115 VAC single-phase power. There are no circuit 
breakers or exposed 115 VAC inside the weather station electronics enclosure, however 
the enclosure is equipped with an AC disconnect switch to shut off all power in the 
weather station. A single circuit breaker in the control building provides protection. 
Dedicated AC receptacles inside the electronics enclosure supply interconnection points 
for various instruments and power supplies. A utility light, switch and power receptacle 
is furnished inside the electronics enclosure as well.

Plate 13 illustrates the AC Power Distribution Assembly.

Plate 14 illustrates the utility light, switch and power receptacle.

Figure 14 is the VLBA Weather Station “JB2” Equip Enclosure 120VAC Distribution 
Wiring Diagram, C55006W001. It is a drawing that shows the interconnections for the 
AC power at the electronics enclosure.
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The electronics enclosure is similar to Hoffman enclosure type A60H36FLP with a 
continuous hinged door. This enclosure meets NEMA-4 standards for outdoor use.
Outer dimensions are 60" x 36" x 16" for the enclosure. The mounting panel dimensions 
are 57" x 35". There are ventilation openings located on the enclosure, both equipped 
with a louver and filter to help keep out contaminants or foreign matter. The lower 
opening has the ventilation fan mounted therein. Some enclosures have rigid insulation 
in the interior to help minimize temperature extremes.

Figure 15 is the VLBA Weather Station Equipment Enclosure Mechanical Drawing, 
C55006M001. It is the mechanical drawing for the enclosure. Figure 16 is the VLBA 
Weather Station “JB2” Component Mounting Plate Assembly, D55006A007. It is the 
assembly, layout and part list for the panel mounted assemblies inside the electronics 
enclosure.

Enclosure Assembly
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Fan Assembly
The fan assembly is a 115 VAC 60 HZ boxer fan mounted with a bracket in proximity to 
the lower ventilation opening on the enclosure. The airflow from the fan is 200-CFM 
minimum.

There are no drawings for the fan assembly, however Plate 15 illustrates the fan assembly 
inside of the electronics enclosure.

Plate 16 illustrates the ventilation opening on the enclosure.
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Plate 17 shows the upper ventilation opening.

Miscellaneous Assembly

The 10m tower for the weather station is a Rohn Model 25G fold-over tower, and has a 
base mount adapter plate ensconced firmly into a concrete pad. There is a hand-crank to 
raise and lower the tower for servicing the instruments mounted atop the tower

Plate 18 illustrates the hand crank mounted on the tower.
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A cross-arm for mounting the wind direction and wind speed sensors is the Qualimetrics 
Model 2023, and mates with the mast on the tower. The tower lightning rod ground and 
electronics enclosure ground cables are cad-welded to the ground rods. Tower guy wires 
are also grounded.

Plate 19 shows guy wire and tumbuckle hardware.

Figure 17 is the VLBA Weather Station Site Installation Drawings, C55006A008. It 
shows the tower installation and electronics enclosure. Figure 18 is the VLBA Weather 
Station Rohn Tower Adapter Plate, C55006M002. It is the adapter plate for the tower.

Plate 20 illustrates the concrete pad, adapter plate and grounding for the tower.
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TSL Model 1063 Hygrothermometer

This section was excerpted directly from the manual for the TSL. The comprehensive 
manual is in Appendix 1 o f this manual. The TSL has several separate functional areas, 
including the thermal control loop, temperature measurement, data management, analog 
to digital conversion, data multiplexing, data transmission, data receiving, data 
processing, and data display.

Figure 19 is the VLBA Weather Station TSL Transmitter Card Schematic Diagram, 
C55006S010. It is the detailed electronic schematic for the TSL, and should be referred 
to for troubleshooting and analysis purposes.

First the thermal control loop is considered. Figure 3-1 in Appendix 1 graphically 
illustrates the elements o f the feedback loop that maintains the mirror at the dew point 
temperature. This is the heart o f the TSL.

A  beam of light from a small LED, CR1, is directed at the surface o f a mirror at an angle 
o f 45 degrees. Two phototransistors, Q1 & Q2, are mounted to receive the reflected light 
as shown. Ql, the “direct” sensor, is placed so that it receives light when the mirror is 
clear. Q2, the “ indirect” sensor, is located so that it is sensitive to light that is scattered 
when the mirror is clouded with visible condensation. As the amount o f cloudiness o f the 
mirror surface increases, Ql receives less light and Q2 receives more light.

The feedback loop is closed by condensation forming on the mirror. This occurs from 
cooling provided by the thermal module. When the unit is first turned on, the mirror is 
clear and photosensor Ql receives directly reflected light, and Q2 receives no scattered 
light. This condition causes a large negative unbalanced signal at the output o f U6B, 
causing a heavy current to flow through the thermal module in the cooling direction. The 
unbalanced condition remains, typically for about one minute, until the mirror surface 
temperature has reached the dew point temperature. At the dew point, the output o f Ql 
decreases and the output o f Q2 increases because o f the visible effect o f condensation on 
the mirror. The system now stabilizes at the dew point temperature, maintaining just 
enough cooling effect to keep the signal levels from Ql and Q2 in balance, with U6B and 
the power amplifier supplying just enough cooling current to maintain the mirror 
temperature at the dew point. I f  the dew point o f the air should change, or i f  the circuit 
should be disturbed by noise, the loop makes the necessary corrections to re-stabilize at 
the dew point. The system is designed for continuous operation.

Theory of Operation
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Following Ql & Q2 are a set o f identical signal amplifier-detectors, U5A & U6A, that 
drive a differential control amplifier, U6B. The output o f this hi-gain amplifier is 
negative when the mirror is clear, and positive when the mirror is heavily clouded, 
because o f the positive difference between the outputs o f Ql & Q2. The output o f U6B, 
through a power amplifier drives the mirror-cooling module, U 1. This device is an 
electronic heat pump, operating much like a thermocouple in reverse. With a DC voltage 
applied across the terminals, the module produces a temperature difference between its 
upper and lower surfaces. Depending on the polarity o f the applied voltage, the thermal 
module can heat or cool.

The simplified circuitry described above is the core o f the hygrothermometer. All that 
remains to make this a useful instrument is a means o f measuring and displaying the 
mirror temperature.

Two temperatures are measured, the ambient (Ta) and the dew point (Td). The 
measurement circuits for the two channels are identical. Figure 3-2 in Appendix 1 
illustrates all the circuitry involved in producing two output DC voltage levels which 
precisely represent Ta and Td. The basic sensor for temperature measurement is a 
platinum wire resistor called an RTD, for Resistance-Temperature Device. This sensor is 
encased in a ceramic cylinder, about 1/8 inches in diameter and % inches long. At a 
temperature o f 0°C, the RTD has an electrical resistance o f exactly 100 ohms. The 
resistance varies linearly with temperature, at a rate o f .392 percent per degree C.

In our application, a constant DC current o f 5 mA flows through the RTD, and the 
resulting voltage drop across the sensor is used as the temperature signal. In the Ta 
channel, amplifier U8A is used as the constant 5-mA source through the RTD. The RTD 
in this example would be located in the stream o f air entering the aspirator unit, so that it 
would assume the temperature o f the ambient air. U8B is used as a scaling and offset 
adjustment amplifier, setting the output voltage level at a convenient value.

Two DC currents feed the node o f U8A, a 5 mA reference input from a 6.2 volt reference 
voltage source through a precise 1240 £2 resistor, and a feedback current o f opposite 
polarity equal to U8A output voltage through the RTD. By standard operational 
amplifier analysis, one can see that the feedback loop will force the feedback current to 
be equal to the 5-mA input current. Since the node o f the op-amp, pin 1, is at virtually 
zero, the U8A output voltage must be equal to .01 x R1 volts. This would give us an 
output voltage equal to -.5 volt DC at 0°C, -0.4 volts an output voltage equal to -.5 volt 
DC at 0°C, -0.4 volts at -50°C, and -.6 volts at +50°C. These values could be used 
directly for measurement and display purposes, however, they are amplified, inverted and 
offset by U8B to a more convenient scale. U8B is a conventional inverting op-amp with 
a gain factor o f 20 by virtue o f the ratio o f the feedback resistance, R34 and R16, and the 
input resistor, R15. The gain, or scale factor, is slightly adjustable by varying the setting 
o f R34. This is used as a calibration adjustment. The input offset value (-0.5 volt at 0°C) 
is cancelled out by the signal through R35 and R14. Potentiometer R35 is adjusted to 
bring the output o f U8B to zero at 0°C. At the output o f U8B, the signal level vs. 
temperature relationship is 25°/volt, with 0 volts representing 0°C. A  temperature o f plus 
or minus 50°C would be represented by plus or minus 2 volts DC at the output.
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The dew point temperature measurement channel is identical in all respects, except that 
the dew point RTD is physically located inside the body o f the mirror, so that it assumes 
the temperature o f the mirror, which is constantly held at the dew point temperature.

In a simpler hygrothermometer system, the outputs o f U8 and U9 could be connected to a 
pair o f voltmeters and the system would be complete. The Model 1063 has been 
designed for capability o f displaying the outputs at a great distance from the sensors, so a 
means o f transmitting the outputs must be provided which is insensitive to the effects o f 
line length, noise and other sources o f errors.

In addition to transmitting the two analog temperature signals to remote indicators, 
certain other operations are performed on the data. Among these are detection and 
storage o f maximum and minimum temperature values and averaging the data to 
eliminate short-term variations. Because o f the complexity o f circuits that would be 
required for these operations, microprocessors are used for all o f the necessary data 
manipulations. In the transmitter unit, the two analog signals, Ta and Td, are converted 
to binary digital words and fed to the input o f a microprocessor (MPU). This MPU is 
used only as a formatting device, converting the input data into a serial format suitable 
for transmission over long distance telephone equipment. In our case, the data is 
transmitted from the top o f the 10m tower to the electronics enclosure. In the receive 
unit, another similar MPU receives the data words and performs all o f the necessary 
arithmetic operations and re-formats the data for output display on numeric panel 
indicators. As an incidental function, the MPU’s also perform data quality checks as a 
safeguard against effects o f detectable errors, noise and component failures.

A single analog to digital converter (A/D), type 7109, is used for the Ta and Td data, so a 
means must be included for time-sharing or multiplexing the converter input. The 
multiplex gates and A/D converter connections are shown in Figure 3-3 in Appendix 1.

Two CMOS gates are used to selectively connect Ta and Td to the input to the converter. 
The gates are, in effect, series switches, each controlled by a select line. When the 
control line to a gate is in the low (0) state, the gate has an effective resistance of 
hundreds o f megohms to the signal. When the control line is high (+5v), the gate 
presents a resistance o f about 5 0 Q , connecting the signal to the converter. The two gate 
outputs are tied together, and their control inputs are complementary, so that at any given 
time only one o f the two inputs is connected to the converter.

Operation o f the converter is automatic, as described by the 7109 data sheet. When the 
RUN/HOLD line from the MPU to the converter is in the RUN condition, the analog 
input controls the generation o f a parallel 12-bit binary representation o f the input 
quantity. The 11 data bits and polarity bits are hard wired to appropriate inputs o f the 
MPU.
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Conversion requires about 30 milliseconds, depending on the data value. To prevent data 
transfer to the MPU occurring during the conversion time, a STATUS line from the 
converter is used as a signal to indicate to the MPU that data is stable and available after 
each conversion. When the STATUS line is high, the MPU may request new data values. 
Likewise, after the MPU has processed an input data word, it raises the RUN/HOLD line 
to signal the converter that a new conversion may begin. This exchange o f control 
signals is called a “handshake” process.

After the MPU has processed an input sample, it reverses the state o f the multiplex 
control line to the analog gates. I f  the data sample had been Ta, the next condition o f the 
control line would be to enable the Td gate, and vice versa.

In the MPU, the data words Ta and Td are temporarily stored and formatted into a low- 
speed serial output train. A  1488 RS232 line driver is used to buffer the MPU output 
signal for transmission. Transmission is by way o f a 600 baud Manchester code, suitable 
for conventional telephone-grade circuits. The data is otherwise unchanged by the 
transmitter data handling circuits.

Figure 20 is the VLBA Weather Station Receiver PCB Logic Diagram, C55006L002. It 
is the detailed electronic schematic for the TSL receiver, and should be referred to for 
troubleshooting and analysis purposes.

In the receive unit, the serial data stream is buffered by a type RS232 1489 line receiver 
and fed directly to the serial input data port o f the MPU. Although data flows 
continuously into the MPU at a rate o f 2.5 complete frames/second, the MPU uses the 
input data only once per 37.5 seconds. When the MPU begins its input process, it 
examines the Ta and Td values. I f  Ta or Td is more than 2 degrees different from the 
presently displayed value, the data is considered to be faulty, and the sample is discarded, 
and the next sample is tested. This process is repeated for three trials. At the fourth trial, 
the data is accepted unconditionally. This tends to screen out errors that may be caused 
by momentary signal transients or transmission line faults. The data that is accepted is 
stored in the MPU memory. Figure 3-4 in Appendix 1 illustrates the flow o f data in the 
receiver unit.

All o f the data processing described so far has served only to enable the transmission o f 
the raw data, unchanged, to the receiving display unit. Before the Ta and Td values are 
displayed, certain manipulations and calculations must be made. These are all performed 
by the MPU in the receive unit.

The received data, after the input screening for obvious errors, is stored in memory. This 
process occurs at 37.5-second intervals. Memory space is reserved for 8 complete 
samples o f Ta and Td, representing 5 minutes o f climate conditions. The 8 sample values 
are added and divided by 8 to yield a 5-minute average value o f Ta and a 5-minute 
average o f Td. The average values are updated at each 37.5-second input sampling and 
stored in memory.

45



H b -

bSd

|»V wkmw r r

S I  7 ) •  21 t

S7JtJtJ4 3 3 S I 3 I N W M 2 7 M S 4 2 t t 4 H

I I  I I I I I I I I I I I I
. i  a » « i  i  4 •  n a i « K w t A
'-------------14-M DATA M  -----------■'

—

--- '̂ W
- ^ r
-aTXw- 
-JvVw

coy

fl- b

w
C-W -! M

u ®

agios'

ACM) : 55006L02

tE!
Ml

U  S3 S3 SI +9* COM H*
8f

SCHEMATIC RECEM! LOGIC

«

♦ /—

-oz„

WEATHER STATION

WEATHER STATION 
RECEIVER LOGIC PCB 
LOGIC DIAGRAM

NATIONAL RAOIO 
ASTRONOMY

OBSERVATORY

,1*1 BSttMWmM

Fi
gu

re
 

20 
VL

BA
 

W
ea

th
er

 
St

at
ion

 
R

ec
ei

ve
r 

PC
B 

Lo
gi

c 
D

ia
gr

am
, 

C
55

00
6L

00
2



At each updating, the value o f average Ta is examined and compared against a stored 
maximum and minimum value. I f  the average Ta is greater than Tmax or less than Tmin, 
the max or min value is changed accordingly. Tmax and Tmin are maintained 
continuously, and are re-started by way o f a reset command.

To prepare the output data words for display, the 11-bit binary numbers in storage are 
converted to Binary Coded Decimal (BCD) format. This is done by a subroutine in the 
MPU program. All o f the output data are brought out o f the MPU on 14 lines, coded as 
tenths, units, tens, and hundreds o f degrees and a polarity bit.

The display module in the electronics enclosure contains storage latches to sample and 
store the data as it is strobed in. The latch modules, type M CI4511, also contain seven- 
segment decoder-drivers that directly drive the incandescent segments o f the decimal 
display.

Wind Speed Sensor

The wind speed sensor is a Qualimetrics Model 2030 anemometer. It uses three cups, 
and utilizes a photon-coupled chopper to produce a pulse output with frequency 
proportional to wind speed. The threshold o f this anemometer is 0.5 miles/hour. The 
complete assembly, with exception o f the photon coupled chopper, is manufactured from 
stainless steel. It is connected with cabling with a quick release waterproof connector. 
This anemometer is used in conjunction with signal conditioning modules that provide an 
analog signal output proportional to the wind speed.

The photon-coupled chopper consists o f two parts. A  light emitting diode in combination 
with a light sensitive transistor is mounted directly to the anemometer connector. A  
slotted wheel connected to the anemometer shaft interrupts the light beam between the 
light emitting diode and the photon transistor. This interruption o f light causes a change 
in the transistor collector to emitter current. The changes in current are amplified and 
conditioned in the signal conditioning modules to provide an analog signal proportional 
to frequency.

Wind Direction Sensor

The wind direction sensor is a Qualimetrics Model 2020 vane. It is an analog output 
wind vane, and is equipped with a structural plastic tail with a durable aluminum filled 
plastic coating. The vane body is a precision-machined aluminum housing with a clear 
anodized finish. Stainless steel shafts bearings and fittings are used throughout. A  
precision potentiometer is coupled to the vane shaft to provide an analog output 
proportional to wind direction. An airfoil style counter-weight provides precision 
balance o f the tail assembly upon the shaft. A  quick release waterproof connector is 
provided for cable terminations.

Changes in the wind direction are sensed mechanically by a balanced vane assembly.
The mechanical motion is transformed into an electrical signal through a shaft that 
couples the vane to a potentiometer.
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The potentiometer used in the wind vane has a long electrical angle and is a make-before- 
break 5000Q resistive element. The actual element is a wire wound device to help 
increase the life o f the sensor.

Protective zener diodes are attached across the excitation lead and the wiper lead to the 
common lead. The diodes help quench transients induced by external sources.

The potentiometer is excited by a +5 VDC regulated source. A  2500Q resistor is placed 
in series with the +5 VDC source to protect the source when the make-before-break 
contact occurs and to protect the potentiometer element against a dead short in the +5 
VDC power source. The voltage generated at the potentiometer wiper varies from 0 to 
3.333 VDC as a direct function o f the wind direction variations.

Rain Gauge

The rain gauge is a Qualimetrics Model 6021-B Electrically Heated Rain and Snow 
Gauge. It is a tipping bucket rain gauge. Rain enters the gage through a large funnel, the 
rim of which is protected by a metal ring to prevent distortion. Collected water passes 
through a debris-filtering screen and is funneled into one o f two tipping buckets inside 
the gage. The bucket tips when a given amount o f water has been collected, the amount 
is determined by gauge calibration.

When precipitation occurs in a frozen form, it is necessary for the heater to be used.
Each gauge includes 4 separate heaters. A  NiChrome wire heater wraps around the 
collection funnel to melt the precipitation for measurement. A  second NiChrome wire 
heater warms the internal components and the gage base to prevent re-freezing o f the 
water inside the gage. Additionally, a cartridge heater is plugged into each o f the gauge 
drain tubes so that the measured precipitation passes out o f the gauge freely without 
freezing on contact with the cold outside air. Thermostats control the funnel and the base 
heaters; the drain tube heaters are continuous duty. Either 115 or 230 VAC can be used 
as input power.

As the bucket tips, it causes a 0.1-second switch closure. The tip also brings a second 
bucket into position under the funnel, ready to fill and repeat the cycle. After the 
rainwater is measured, it drains out through tubes in the base o f the gage. The drain holes 
are cover by screens to prevent insect entry.

The rain gauge is calibrated to a resolution o f 0.1mm. As the bucket tips, it causes a 
magnet to pass over a mercury-wetted reed switch, closing the switch momentarily. 
Measurement accuracy is 0.5% at a precipitation rate o f 0.5 inches per hour.

A1 Standard Interface Board (SIB)

This is a brief overview from VLBA Technical Report No. 12, VLBA Standard Interface 
Board Manual. For a comprehensive, detailed discussion o f the Standard Interface 
Board, please refer to this manual.
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Figure 21 is the VLBA Standard Interface Board Model D Schematic, C55001S004.
This is a detailed electronic schematic for the SIB. Refer to this drawing for 
troubleshooting and analysis purposes.

The Standard Interface Board is used as a general-purpose monitor and control interface 
in the VLBA Telescope Monitor and Control System. The VLBA Station Computer is 
the system Controller in this system. The Controller communicates with Standard 
Interface Boards installed in the system components. The communication path is a two- 
pair, party line, time-serial Monitor and Control Bus. The Controller (the computer) 
outputs time-serial, simplex mode messages to the system devices via the Command 
(XMT) bus. XMT bus messages are either control messages or monitor requests.
Monitor request messages return communication status information or monitor data 
messages to the controller. The VLBA Monitor and Control Bus (XMT and RCV) 
conforms to the EIA RS-485 signal specification. The XMT and RCV bus message 
formats and protocol are described by specification A55001N001 (section 6 in VLBA 
Technical Report No. 12).

The Standard Interface Board is typically a modular component o f a device and functions 
as a serial-parallel converter to interface the Monitor and Control Bus to the devices that 
are to be controlled or monitored. Some devices are modules, such as a receiver control 
unit or an IF processor; other devices are subsystems, such as the weather station for 
example. In this case, the use o f the Standard Interface in monitor and control interfacing 
is very simple; the chief differences between applications are the character and volume of 
control or monitor operations be performed.

Because analog signal multiplexing and A/D conversion are frequently required, the 
Standard Interface Board contains an optional analog multiplexer-A/D converter. The 
converter is integrated into the logic o f the interface so that it may be easily applied to 
analog signal monitoring applications. Additional analog multiplexers installed in the 
device circuitry may extend the analog multiplexing capacity o f the interface.

The Standard Interface Board is always used in conjunction with digital circuitry, in this 
case the A2 Logic Board, that implements the device address, command and monitor data 
functions.

The SIB is an address-restricted implementation o f specification A55001N002-A (also 
section 6 in VLBA Technical Report No. 12). The board device address capability is 256 
command and 256 data channels. In addition there are 16 interface internal command 
and 16 interface internal data addresses. The message format specifications (cited above) 
do not define the maximum size o f an interface address block; it could be any size within 
the specified address range. The interface board specification is both a functional and 
physical specification in that it defines the functional properties, physical size, and I/O 
connector types and pin assignments.
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A2 Logic Board
The A2 Logic Board is a 6" x 7" wire-wrap board with a 100-pin edge connector. The 
logic board stores and distributes the digital information furnished from the sensors and 
their component parts to the Standard Interface Board when requested. It decodes the 
address, handles digital command & monitor data, and performs some analog 
multiplexing for the analog 1 and analog 2 lines to the A/D converter on the Standard 
Interface Board. The logic board also initiates control and handshake functions to receive 
digital information from the barometer.

Figure 22 is the VLBA Weather Station A2 Logic Board Schematic, C55006S006. Refer 
to this drawing for troubleshooting and analysis purposes.

There are three decode functions for the A2 Logic Board. They are the digital command 
decode, monitor data decode and the relative address block decode. Relative address 
blocks are hexadecimal in format, and are listed as such in VLBA Technical Report No.
5, List o f Current Monitor and Control Points. The logic for each is a 74LS138 three-line 
to eight-line decoder. This logic decodes one o f eight lines dependent on conditions at 
the three binary select inputs and the three enable inputs.

U30 decodes the relative address lines A3-A7 with device request, this decoder produces 
five blocks o f relative address enables which are 0-7, 8-OF, 10-17,18-IF, and 20-27. The 
first three blocks 0-7, 8-OF, and 10-17 are used for the analog monitors. Block 10-17 is 
used to enable the digital monitors via U26. Block 20-27 is used to enable digital 
commands via U25.

Address lines A0-A2 are the binary select inputs to the digital command decoder and 
monitor decoder on pins 1,2 & 3 o f U25 & U26 in order to select one o f 8 functions 
within a block.

Pin 6 o f U25 is pulled high so that pins 4 & 5 will enable U25. U25 will only be enabled 
if  block 32-39 is active (pin 11 of U30) and R/W is set to write mode (low). The outputs 
from the digital command decoder are reset lines for the TSL (RA22), the peak 
windspeed latches (RA23) pin 1 o f U23 & U24, and the rain-gauge binary counters 
(RA24) pins 2 & 12 o f U39 & U40.

The TSL reset line goes to the A5 TSL Receiver Board, it resets the TSL min/max 
temperature to the current temperature. The wind speed reset activates the latch reset on 
pin 1 o f U23 & U24, and resets the peak wind gust reading to zero. The rain-gauge reset 
activates the binary counter reset on pins 2 & 12 o f U39 & U40, and resets the rain-gauge 
counters to zero.

The enable inputs to the monitor decoder is R/W at pin 6 o f U26, and block 18-IF 
decodes from pin 12 o f U30 relative address block decoder to pins 4 & 5 o f U26. U26 
will only be enabled if  block 18-IF is active and R/W is set to the read mode (HIGH).
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The outputs from the monitor decoder are tri-state output enable lines to the latches for 
the barometer (RA18) pin 1 o f U16 & U17 and (RA19) pin 1 o f U15 & U18. For the 
ambient temp/dew point (RA1 A, RA1B), it is pin 1 o f U2 & U3. For the minimum and 
maximum temperature (RAID ) pin 1 o fU ll  & U12, the serial number (RA1C) pins 1 & 
19 o f U6, the wind speed (RA1E) pin 1 ofU10&U14, and the rain-gauge (RA1F) pins 1 
& 19 o f U33 & U34.

The monitor data for the barometer also includes status information for box temperature 
hot (fan turned on), cold (heater turned on), a low temperature warning for antenna stow, 
excessive wind warnings, and barometer error. With the exception o f the barometer 
error, all status information comes from the A3 Analog Board. These inputs are pins 
7,8,13,14,17 & 18 on U18. Barometer errors are reported on pins 3 & 4 o f U18.

The handshake and control for the barometer is a two-line function used to synchronize 
transfers between the barometer and the A2 logic board. The A2 logic board controls the 
RFD+ (ready for data) signal and the barometer controls the DAV+ (data valid) signal. 
The RFD+ is active high, generated from pin 3 o f U38 to the barometer. Consequently, 
after the barometer has completed a measurement averaging cycle it tests the RFD+ 
signal for the active state, and upon detecting the RFD+ signal, it begins the data transfer 
sequence.

The barometer monitor data is input in from the barometer through U4, a 74LS244 octal 
buffer and clocked into 74LS374 latches U19, U20 and U21 to store the data as 3 eight- 
bit words.

Each +DAV trailing edge will clock pin 8 o f U36 until states 3, 4 & 5 are presented to 
U43 while it is enabled during +DAV. States 0, 1 & 2 are disregarded, however only 
states 3, 4 & 5 will clock the data into U19, U20 & U21 respectively by the rising edge o f 
+DAV.

U48 is a 555 timer running as an astable oscillator with -70% positive duty cycle, with a 
frequency o f ~1.14 Hz. The first +DAV pulse, consequently providing the bias voltage 
for Q1 on header 10G-DH8 triggers it high. This forces the threshold voltage on pin 6 o f 
U48 below the normal l/3Vcc condition that allows the 555 to free run at -50% positive 
duty cycle. The net effect is that it takes a longer period o f time to charge capacitor C2 to 
above the l/3Vcc and then to the 2/3Vcc condition, thus stretching the output o f U48 to 
around 700ms. This is adequate enough time to load the data into U19, U20 & U21, 
which is clocked by the +DAV pulse.

The barometer takes 10 measurements per second and averages the result, which in turn 
is available at D0-D7 every second. The 555 timer gives the loading process plenty o f 
time (555 frequency -1.14 Hz) for the data cycle to complete one measurement process.

When U36 reaches state 6, the magnitude comparator U44 recognizes this condition and 
outputs the high state, which in turn supplies the status bits for the barometer, in this case 
0’s on pins 3 & 4 o f U18. This is o f course when the electronics are working properly, 
and the barometer is dutifully reporting atmospheric pressure.
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When the output o f the 555 timer is high, likewise the input pin 9 o f U47B is high as 
well. The negative going transition from high to low on pin 9 o f U47B as qualified from 
the 555 timer duty cycle supplies the high clock pulse to parallel load the data into U15, 
U16 & U17. This also forces pin 4 o f U47A to output a low, which in turn clears the 
state machine U36, and be ready to start again with the next measurement.

I f for any reason +DAV is unavailable or any other malfunction in the circuitry, the state 
machine U36 and its cohort U44 will be unable to identify the subsequent state 6. The 
result is a low condition on pin 6 o f U44, which sets the status bits to l ’s on pins 3 & 4 of 
U18. This is identified as an error condition in the software program, thus the data will 
be disregarded.

Likewise, if  there is no positive going transition from pin 5 o f U47B, there can be no new 
data parallel loaded into U15, U16&U17. Visually on the overlay screen this would 
appear as an unchanging barometric pressure reading.

The SHDN+ (shutdown) feature for the barometer is not used in this application, however 
the input is grounded through pins 6 & 7 of U3 8 to prevent any capacitively coupled 
signals from activating the SHDN+ pin on the barometer.

The monitor data for the ambient and dew point temperatures are input from the A5 TSL 
Receiver Board, and is three binary coded decimal (BCD) values. The input signals are 
pulled-up via a lOKD-resistor network RN1. The logic board uses bits TC 0.1 through 
TC 40 on bits 0-10 o f the storage registers for the BCD values, with TC -  on bit 15 to 
indicate the sign o f the value (±). Bits 11-13 are unused, and bit 14 indicates an error.
Bits 0-7 measure tenths and ones, but bits 8-10 measure tens. It’ s important to remember 
that the values are BCD in format.

74LS374 registers U2 & U3 are loaded with the ambient temperature, while U7 & U8 are 
loaded with the dew-point temperature. There are two clocks generated at the A5 TSL 
Receiver Board, TSL SI for the ambient temperature and TSL S2 for the dew point 
temperature. The ambient temperature gets clocked on pins 11 o f U2 & U3. The dew 
point temperature is clocked on pins 11 o f U7 & U8. The current latched values are 
transferred to the SIB when requested.

The technique is repeated for the minimum and maximum ambient temperatures, 
however only the sign, the tens, and ones are loaded into the registers. The tenths values 
are ignored. The storage registers for the minimum and maximum temperatures are U11 
& U12 respectively. There are two clocks from the A5 TSL Receiver Board, TSL S4 for 
minimum temperature and TSL S3 for maximum temperature. Minimum temperature is 
clocked on pin 11 o f U11, and maximum temperature is clocked on pin 11 o f U12. The 
current latched values are transferred to the SIB when requested.
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The serial number identifying the location o f the weather station is generated on the logic 
board. DH2-4E is an eight-pin header wired to reflect the serial number o f the station. A 
cut link on DH2-4E indicates a high value, while a closed link is a low value. The inputs 
are pulled up via a lOkQ-resistor network. The ID (weather station in hex = 18) is hard
wired on board. This information is passed through 74LS244 buffer/drivers U1 and U6 
to the SIB when requested for ID and serial number respectively.

The monitor data for the wind speed/wind gust is routed through a buffer U2F, a 741 Op- 
amp non-inverting buffer to the ADC0805 Vin+ on pin 6 o f U 13. The analog-digital 
converter has eight bits o f resolution with an on-chip clock generator. The outputs o f the 
ADC are used for current values for wind speed, and for peak wind gust values. Bits 0-7 
are used for the current wind speed and bits 8-15 are used for the peak wind gust. Four- 
bit magnitude comparators 74LS85 U28 & U29 compare the current peak wind gust 
values with the previous latched values in 74LS175 U23 & U24 to determine which one 
is the highest value, thereby providing a current peak wind gust value to 74LS373 latch 
U10. The information is transferred to the SIB when requested.

The rainfall gauge monitor data is derived from a switch closure in the rainfall gauge and 
a high-low signal is thus generated through a voltage divider RC network on the logic 
board to provide stable trigger mechanism for the clock element for the binary counter.
A  555 timer U22 provides a positive de-bounced clock when the contact closure in the 
rainfall gauge is made, initiating a binary count for the cascaded counters 74LS393 U39 
& U40. The current counter values are passed through 74LS244 U33 & U34 to the SIB 
when requested. Each count is equal to 0.1mm precipitation measured over the collection 
surface area.

The output lines from the relative address block decoder Y0-Y2 pins 13,14 & 15 o f U30 
are used for ANAENB for the SIB, which specifies the analog monitor data to be 
sampled. In this case, relative addresses RA00-RA17. These monitor points include all 
analog portions o f the weather station. Y1-Y2 pins 13 & 14 o f U6D are used for HI/LO 
SEL for the SIB and for this application both the on-board and device multiplexers are 
used. This allows for the relative addresses to be RA08-RA17, which in fact are the 
monitor data inputs to the logic board analog multiplexers HI-508 U31 & U32. Y3-Y4 
pins 11 & 12 o f U30 are used for the DEVACK+ for the SIB, which signals that the 
device has accepted command data or has written monitor data on the data bus. This 
includes commands and monitor data for relative addresses RA18-RA27.

The analog multiplexing on the logic board sends analog signals for ANLG1 and ANLG2 
U31 & U32 going to the SIB. There are two eight-channel multiplexers on the logic 
board, each a HI-508. The decode address lines are A0-A2, pins 1,15 & 16onU31 & 
U32.

59



Analog multiplexer U31 is associated with ANLG1 to the SIB. This multiplexer selects 
voltage monitor points coming from the A3 Analog Board. The voltage monitor points 
are -15V/2, +15V/2, +12V/2, +15V/3, -10V/2, +10V/2, +5V, and GND. The pins 
corresponding to the inputs are pins 5,6,7,12,11,10,4, & 9 on U31. The enable input to 
this multiplexer is from Y1 pin 14 o f U30 on the relative address block decoder. The 
enable input on the multiplexer is pin 2 o f U31.

Analog multiplexer U32 is associated with ANLG2 to the SIB. This multiplexer selects 
voltage monitor points coming from the TSL transmit card. The voltage monitor points 
are the heat/cool pump for the chilled mirror, -12V, +12V, +5V, and GND. They 
monitor power and the control voltages heating and cooling the chilled mirror in the dew 
point sensor assembly. The pins corresponding to the inputs are pins 4,5,6,7,9,10,11 &
12 on U32. The enable input to this multiplexer is from Y2 pin 13 o f U30 on the relative 
address block decoder. The enable input on the multiplexer is pin 2 o f U32.

A3 Analog Board

The A3 Analog Board provides for signal conditioning from the sensors in preparation 
for the analog to digital conversion process on the Standard Interface Board. Voltage 
references is used on this board for indications setting the alarm trip conditions for low 
temperatures and two high wind-speeds to the antenna control unit (ACU). There is also 
voltage reference to detect electronic enclosure hot or cold conditions, which provides for 
either turning on the box fan or heater depending on which condition is present.

Figure 23 is the VLBA Weather Station A3 Conditioner Board Schematic, D55006S005. 
Refer to this drawing for troubleshooting and analysis purposes.

The fiber optic transmit and receive devices are included on this board assembly, 
however the digital transmit and receive signals are routed directly to the Standard 
Interface Board. Fiber optics is to provide for isolation between the weather station and 
control building to prevent damage from occurring due to lightning either at the tower or 
the control building.

There is also a small relay board sub-assembly mounted on the A3 Analog Board. This 
board is to provide some isolation between the weather station and the ACU located in 
the pedestal room o f the antenna. The alarm trip levels should de-activate the small 
relays and remove the illumination o f the LEDs on the circuit board as a convenient 
means o f adjustment and testing during preventive maintenance procedures.

The fiber optics is mounted on small sub-assembly boards and includes TTL driver or 
receiver devices. The transmit line is routed from the Standard Interface Board to a 
Hewlett-Packard HFBR-1404 fiber optic transmitter via a 75451 driver. The 75451 
driver is used for adequate TTL levels from the SIB to the transmitter.

The receive line is routed to the SIB from a Hewlett-Packard HFBR-2402 fiber optic 
receiver via a 75452 receiver chip. The 75452 receiver is used for beefing up the TTL 
receive levels from the receiver to the SIB.
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The relay sub-assembly provides a switch opening to the ACU when the set trip levels 
are activated. The outputs o f the respective alarm circuits de-energize the coil, which in 
turn opens the continuity path to the ACU. This is the stimulus to initiate the antenna 
stow conditions in the ACU.

This sub-assembly is equipped with LEDs to indicate when the trip levels have been 
exceeded and the relay contacts have been opened. This is useful when the preventive 
maintenance schedule requires board alignment procedures.

The input lines for the alarm circuitry for the analog board typically is routed into op-amp 
circuitry that 1) provide a good signal to noise ratio, 2) amplification, and 3) trip level 
thresholds for the alarm conditions.

When the signals first are received on the board, only the rise in signal is desirable. 
Unwanted, noise or transient induced variations could produce a false alarm if  a good 
common-mode rejection circuit was not in use in the first stage. After this stage, an 
amplified signal is desirable for use as an input to the comparator stage. The amplifier is 
nice for good isolation as well, it has a high input impedance with a low output 
impedance. Finally, a comparator with adjustable trip points referenced from a 
convenient, precision voltage source to produce the on/off conditions necessary for 
stowing the antenna.

The box cold/hot is similar, with the addition for a current source from the AD590. This 
device is a temperature-sensing device that produces changes in output current 
proportional to variation in temperature. This output must be converted into a voltage 
output, which in turn then produces the on/off condition for either heating or cooling the 
electronics enclosure.

The remaining circuitry on the analog board is passive, and provides for voltage 
monitoring points.

A4 Wind Signal Processing

This section is excerpted directly from the Qualimetrics manual in Appendix 2 o f this 
manual. There are three modules associated with the wind signal processing for our 
application in the weather station. One is a power supply module, and the other two are 
signal-conditioning modules. These are housed in a Qualimetrics Model 1023 Module 
File. A  series o f printed circuit board edge connectors are located inside the card file to 
bus all common signals and power supply voltages from the power supply module to all 
other modules. A  power cord on the back panel provides 115/230 VAC, 50/60 Hz to the 
power supply module.

Refer to Appendix 2 for drawings and schematics for the A4 signal conditioning 
electronics.
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First, quick overviews o f the module file. With exception o f the power supply, all 
modules have two connectors. The top connector provides input/output connection to 
sensors and data acquisition equipment. The bottom connector provides common busing 
o f power and control lines from each module to the power supply. The power supply 
connector, besides providing the above lines, also connects the power source with the 
circuit board. Refer to Figure x for a schematic o f the module file. The safety ground 
wire o f the AC power cord is tied to chassis ground. The system common is a floating 
signal and should not be tied to chassis ground. A  chassis ground screw terminal is 
located below each terminal block to be used to ground shielded cables.

A  Qualimetrics Model 1030-A Power Supply Module is designed to provide power for 
the signal conditioning modules. It provides ±12 VDC regulated power to the power bus 
in the module file.

The power supply requires either 115 or 220 VAC. Conversion from one to the other is 
accomplished by changing jumper wires on the printed circuit board. It is used with 
systems that do not require RF suppression filters.

AC power is input on the printed circuit connector pins 1 & 3. The neutral side o f the 
line voltage ties directly to the primary winding o f the transformer. The hot side is 
connected to fuse FI on the front panel. Fuse FI is connected to the power switch and 
then terminates at transformer T l. Jumpers W1 & W2 are installed for 115 VAC. VLBA 
antenna sites utilize the 115 VAC as the AC power source.

The secondary windings o f T l are rated at 12 VAC @  500 mA. These feed a full-wave 
bridge rectifier CR5. The DC voltage obtained at the full-wave bridge is filtered by 
capacitors C8 & C4 and is applied to input terminals o f ICU1 and ICU2. These IC’s are 
three-lead voltage regulators rated at 12 VDC.

Capacitors Cl & C2 are used to improve transient response o f the circuit. Diodes CR2, 
CR4, CR1 and CR3 are used to keep reverse currents from entering opposite power 
sources. Varistors V I & V2 are transient protectors for the power supply bus. The green 
front panel indicator, DS1, connected across the negative power supply, illuminates when 
AC power is applied.

The black test point on all modules is system common. The brown test point is -12 VDC 
supply while the red test point is +12 VDC supply.

The ±12 VDC bus leaves the power supply card on pins 12-14 and is bused to all other 
modules through printed circuit connectors.
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The wind speed module is a Qualimetrics Model 1220. The wind speed module provides 
a linear DC signal output proportional to wind speed over the 100-mph range. The 
module has a reference voltage for sensor excitation and/or scaling reference supply. An 
LED indicator is mounted on the front panel and it will illuminate when the module is in 
either LOW or HIGH calibration. A  rotary switch selects either the OPERATE, LOW 
calibration, or HIGH calibration mode o f operation, however calibration for these 
modules is performed at the DCS lab in Socorro, NM.

The input to the wind speed module is a pulsed square wave, and is generated by the 
wind speed anemometer. The input signal at pin 8 enters the switching network, S301 
and jumper JW301. From there, it enters the non-inverting input o f IC301. This op-amp 
performs several important tasks. First, through resistor R308 it references the output 
level to a slightly positive value (+2.5 VDC). Since the positive supply is 5 VDC and the 
gain o f the amplifier is ~ 4.5, the output signal is clipped at approximately 5 VDC.

The output o f IC301 goes through current limiting resistor, R310, and the low state is 
held at ~ system common level by the input diode clamp o f IC302. R311 is a pull-up 
resistor for unused inputs o f IC302, a Schmidt trigger. The Schmidt trigger defines the 
on and o ff times more precisely for triggering the one-shot, IC303.

Capacitor C302, diode CR303 and resistors R312 & R313 make up a differentiator circuit 
to trigger the one-shot on the falling edge. R312 & R313 set the low state level while 
CR303 sets the high state level.

IC303 is a timer used as a one-shot with resistor R315 and capacitor C304 as its timing 
elements. The time constant for the circuit is found from the formula:

T *  1.1 RC
-  1.1 (75K) (.OljiF)
-  825 |iS

An 825 jiS pulse width signal is generated by IC303 with voltage amplitude o f 5.0 VDC. 
Resistor R314 loads the circuit enough to insure stability over the entire frequency range.

IC304 integrates the area under each pulse entering its input and provides a proportional 
DC output level. Resistors R318 & R319 are used as a gain doubling circuit for wind 
speed range select.

IC304 signal output is inverted by IC305. The gain o f this circuit is set so that the value 
at the violet test point varies approximately 0 to -5.5 VDC.
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The input to IC201 is derived from IC305 pin 6 and can be measured at the violet test 
point. This voltage is summed with the zero adjust voltage and enters IC201 pin 2, the 
inverting input. CR201 & CR202 regulate the voltage across potentiometer VR202 to 
stabilize its value. Potentiometer VR202 is used to zero both outputs. IC201 has a 
variable gain due to potentiometer VR201 that is used to obtain the full-scale value at 
output 1. After output 1 is set, potentiometer VR203 is adjusted for full-scale reading of 
output 2.

Voltage regulator, IC101, obtains its power from the +12 VDC bus referenced to 
common. IC101 is a three-lead positive voltage regulator fixed at 5 VDC.

To calibrate the circuit, a free running oscillator is designed for the HI calibration 
position o f the mode switch. Capacitor C301 and resistors R304 & R305 determine this 
frequency which is ~ 470 Hz.

The wind direction module is a Qualimetrics Model 1240-A. It has a reference voltage 
for sensor excitation and/or scaling reference supply. An indicator is mounted on the 
front panel and will illuminate when the module is in either LOW or HIGH calibration or 
HIGH calibration mode o f operation. Front panel controls are available for adjusting the 
low and high span points for both outputs.

The signal from the wind vane is fed through two stages o f amplification before entering 
the output stage. A  small filter capacitor on the input line removes external noise. The 
wind direction module provides linear signal output over the 360° range.

The sensor is connected to the module with a three-conductor cable. The white 
conductor terminates sensor pin A  to wind direction module pin 2, and supplies the 
excitation voltage to the potentiometer. R302 is used for short circuit protection. The 
black lead connects pin B o f the sensor to pin 4 o f the module and represents system 
common. The red lead is the potentiometer wiper output and connects pin C o f the 
sensor to pin 6 o f the module.

The signal passes through the mode switch and jumper JW301 and enters pin 3 o f U301. 
The mode switch substitutes the zero and full scales values o f the sensor in the LOW and 
HIGH calibration positions, respectively. Buffer amplifier, U301, provides an impedance 
match between sensor and electronics. This amplifier has unity gain.

The output o f U301 enters the inverting input o f U302. This second amplifier has a gain 
o f approximately -2. This gain is selected to provide a 0 to -5.5 VDC signal to U201 pin 
2 and this voltage can be measured at the violet test point. The input voltage at U201 pin 
2 is summed with the zero-adjust voltage and is applied to the inverting amplifier input. 
CR201 & CR202 regulate the voltage across potentiometer R202 to stabilize its value. 
Potentiometer R202 is used to zero both outputs. U201 has a variable gain due to 
potentiometer R201 that is used to obtain the full-scale at output 1. After signal output 1 
is set, potentiometer R203 is adjusted for full-scale reading o f signal output 2.
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Voltage regulator, U101, obtains its power from the +12 VDC bus and is referenced to 
common. U101 is a three-lead positive regulator fixed at 5 VDC.

Relay K301 is a printed circuit board assembly with two each DPDT relays in it. The 
K301A section is used to remotely switch from the sensor to the LOW calibration 
position. The K301B section along with the K301A section is used to switch from the 
LOW to HIGH calibration position.

A5 TSL Receiver Board

A  substantial portion o f the receiver board has been discussed above in the TSL Model 
1063 Hygrothermometer theory o f operation. This section is additional information 
regarding the receive board function in the weather station.

Figure 20 is the VLBA Weather Station Receiver PCB Logic Diagram, C55006L002. 
Refer to this schematic for troubleshooting and analysis purposes.

The receiver board performs the data display function for the TSL. It receives the 
transmitted serial binary multiplexed ambient temperature (Ta) and dew point 
temperature (Td) data streams and converts the data into format suitable to be sent to the 
A2 Logic Board. The data can then be sent via the Standard Interface Board to the 
central computer as monitor data when requested.

Arithmetic manipulations are performed on the data, including 5-minute averaging o f Ta 
and Td, and recording maximum and minimum Ta. Data quality checks are performed, 
and the four data outputs, Ta, Td, Tmax, and Tmin can be utilized as monitor data for the 
weather station.

The data processor on the receiver board is a type 68701 single-chip microprocessor. It 
performs virtually all o f the timing and logical functions o f the receiver. Data is brought 
through a line receiver amplifier to the serial input port o f the processor. Under control 
o f the resident program, the processor gathers, computes, and stores the pertinent data. 
Output from the processor is on a 13-bit parallel bus that is time-multiplexed to Ta, Td, 
Tmax, and Tmin. As each of the data words is on the bus, a unique strobe pulse is 
generated, one for each o f the four outputs.

When the error flag bit is received from the transmitter, or when certain other error 
conditions are detected by the receive logic, the error output level goes high. This 
indicates an unusual condition with the TSL.

The Tmax and Tmin values can be reset to the present values by sending a command via 
the monitor and control bus from the central computer.
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In the event o f a momentary or prolonged power failure, the critical part o f the data 
processor memory remains active, powered by a small battery located on the receive 
board. This battery is trickle-charged during normal operation, and has enough capacity 
to protect to memory for approximately 10 hours. Memory protection retains Tmax, 
Tmin, and the averaged values o f Ta and Td.

A6 A.I.R. Digital Barometer

The Barometer is an Atmospheric Instrumentation Research (A.I.R.) Model AIR-DB- 
2AX. It is a microprocessor controlled digital pressure transducer, and measures the 
atmospheric pressure in millibars. The range o f this instrument is from 800 to 1060 mb. 
Accuracy is ±0.5 mb.

Refer to Appendix 3 for drawings and schematics for the barometer.

It measures pressure 10 times per second, averages the measurement, and makes it 
available in digital format. It is housed in a sealed aluminum case, uses a stable 
capacitance type pressure sensor, and has microcomputer control. The analog electronics 
and sensor are computer calibrated together for full range accuracy. The calibration data 
is stored in ROM memory.

The data is transferred from the barometer to the A2 logic board on a parallel 8-line 
input. The data is binary coded format and is transferred 8 bits at a time. A  two-line 
handshake is used to synchronize transfers between the barometer and the A2 logic 
board. The A2 logic board controls the RFD+ (ready for data) signal and the barometer 
controls the DAV+ (data valid) signal.

On board the barometer, the logic sequence goes something like this: 1) wait for RFD+ 
to become asserted, 2) write data byte, 3) assert DAV+, 4) wait for RFD+ to become 
negated, and 5) negate DAV+. Likewise, a complementary logic sequence on the A2 
logic board is reflected as: 1) assert RFD+, 2) wait for DAV+ to become asserted, 3) 
read data byte, 4) negate RFD+, and 5) wait for DAV+ to become negated.

When the barometer completes a measurement averaging cycle it tests the RFD+ signal. 
I f  RFD+ is negated, it starts another measurement cycle and the data is lost. I f  RFD+ is 
asserted it starts a data transfer sequence. Once a transfer is begun it must be completed 
before the barometer begins another measurement. I f  there is an interruption in the 
handshaking, the barometer will stop.

A7 Signal Protection Board

The surge protection is provided by gas tube arrestors which are self quenching and 
feature extremely fast response to transients, and the ability to withstand high follow 
currents.

Refer to Appendix 2 for drawings and schematics for the A7 board.
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Each gas tube arrestor has two metal electrodes forming a discharge gap characterized as 
an open circuit under normal conditions. The arrestor represents only a very small 
capacitance and no resistance to the circuit it protects.

When a surge occurs and exceeds the breakdown voltage of the arrestor, the internal gap 
becomes highly ionized, conducting currents within fractions o f a microsecond. The 
arrestor is then virtually a short circuit until the voltage returns to normal. Ionization and 
de-ionization happen extremely fast due to the type o f gas in the tube and the physical 
configuration employed in the design.

The resistor and inductor are used in conjunction with the spark-gap tube and the dual 
zener diodes act to slow and quench surge currents that occur below the ionization 
threshold o f the spark-gap tube.

A8 Box Heater

The box heater is a Hoffman D-AH1001 A, a 100-watt electric heater. This heater has an 
adjustable thermostat with a range from 0°F to 100°F (-18°C to 38°C). The fan in the 
unit draws the cool air from the bottom o f the enclosure and passes this air across the 
thermostat and heating elements before being released into the electronics enclosure.

There are no schematics for the box heater.

A9 Data Display Units

There are four temperature values that can be displayed inside the electronics enclosure. 
Rotating the switch on the A9 display unit box changes the display value. The values are 
the average ambient temperature (Ta), the average dew-point temperature (Td), the 
maximum ambient temperature (Tmax), and the minimum ambient temperature (Tmin). 
The max and min temperatures are from a 24-hour interval. The temperatures are 
displayed in degrees Celsius.

Refer to Appendix 1 for drawings and schematics for the A9 display unit.

The temperatures are decimal numbers, however for this data to be displayed, 11 -bit 
binary numbers from the TSL receive card have to be converted to a BCD format. This is 
done by a subroutine in the MPU program on the TSL receive card. All o f the output 
data is brought out o f the MPU on 14 lines, coded as tenths, units, tens, and hundreds o f 
degrees and a polarity bit. The data is then multiplexed to read out Ta, Td, Tmax and 
Tmin.

The data lines are distributed to the panel display, along with a strobe input. This allows 
for the display to sample the data lines when the data is valid and selected by the switch 
for the display.
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The individual display module contains storage latches to sample and hold the data as it 
is strobed in. The latch modules, M CI4511 contain seven-segment decoder-drivers that 
directly drive the incandescent segments o f the decimal displays.

There is also a toggle switch for selecting the instantaneous or average values for the 
temperatures. Normal operation for the weather station is in the average position. I f  the 
switch is left in the instantaneous position, the error flag is set and VLBA operations will 
assume there is a problem with the TSL.

There is a control for the illumination o f the incandescent display. Rotating the knob will 
increase or decrease the display brightness.

PS1 Power Supply

The power supply is regulated providing +5V, and ±15V outputs. The DC input voltage 
has a range o f 85-132 volts AC @  47-440 Hz. This power supply is rated at 62% 
minimum efficiency. There is overload protection, an automatic electronic current 
limiting circuit with automatic recovery limits short circuit output current to a safe preset 
value, thus protecting load and power supply when direct shorts occur. Sustained short 
circuit operation for more than 30 seconds may cause power supply damage. Internal 
failure is fuse protected.

The input fuse is a 2A slo-blo in the AC input line to protect the input wiring to the 
power supply. Overload o f power supply does not cause the fuse to fail. This supply is 
convection cooled, so no external fans are required, and is supposed to provide 
continuous output voltage from 0°C to +60°C.

Appendix 5 has minimal illustrations for this power supply.
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FOREWORD

The following is a listing of the major sections found in 
this manual, followed by a brief description of each:

Section 1
Secti on 2
Section 3
Secti on 4
Section 5
Section 6
Secti on 7
Section 8
Appendix A
Append i x B
Append i x C
Append i x D

• General Information
■ Operation 
Theory of Operation 
Scheduled Maintenance 
Installation 
Functional Information 
Schematics, Wiring 
Repair Notes

- IC Data Sheets
- Software and Flowcharts
- Parts Lists
- Autobalance Option

General Information

This section contains a list of equipment supplied with the 
system, equipment required for operation but not supplied 
with the system, equipment reference data, warranty 
information, and a general description of how the system 
works.

Operation

This section directs the operator in the use of the 1063 
system. Turn-on procedures are explained as are methods of 
verifying the accuracy of display information.

Theory of Operation

This section explains how physical stimuli are measured
electrically to determine the dew point and ambient
temperatures. It gives a description of all hardware 
elements in the system.

Scheduled Maintenance

A periodic maintenance table is located in this section, as 
are all procedures necessary to perform routine, scheduled 
mai nten a n ce .
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SAFETY SUMMARY
T h e  f o l l o w i n g  a r e  g e n e r a l  s a f e t y  p r e c a u t i o n s  t h a t  a r e  n o t  
r e l a t e d  t o  a n y  s p e c i f i c  p r o c e d u r e s  a n d  t h e r e f o r e  d o  n o t  
a p p e a r  e l s e w h e r e  in t h i s  m a n u a l .  T h e s e  a r e  r e c o m m e n d e d  
p r e c a u t i o n s  t h a t  p e r s o n n e l  m u s t  u n d e r s t a n d  a n d  a p p l y  d u r i n g  
m a n y  p h a s e s  o f  o p e r a t i o n  a n d  m a i n t e n a n c e .

KEEP AWAY FROM LIVE CIRCUITS
O p e r a t i n g  p e r s o n n e l  m u s t  a t  a l l  t i m e s  o b s e r v e  a l l  s a f e t y  
r e g u l a t i o n s .  D o  n o t  r e p l a c e  c o m p o n e n t s  w i t h  t h e  e q u i p m e n t  
e n e r g i z e d .  U n d e r  c e r t a i n  c o n d i t i o n s ,  d a n g e r o u s  p o t e n t i a l s  
m a y  e x i s t  w h e n  t h e  p o w e r  c o n t r o l  is in t h e  o f f  p o s i t i o n ,  
d u e  t o  c h a r g e s  r e t a i n e d  b y  c a p a c i t o r s .  T o  a v o i d  i n j u r y ,  
a l w a y s  r e m o v e  p o w e r  a n d  d i s c h a r g e  a n d  g r o u n d  a c i r c u i t  
b e f o r e  t o u c h i n g  it.

R E S U S C I T A T I O N

P e r s o n n e l  w o r k i n g  w i t h  h i g h  v o l t a g e s  s h o u l d  b e  f a m i l i a r  
w i t h  m o d e r n  m e t h o d s  o f  r e s u s c i t a t i o n .

F I R S T  A I D

S e e k  m e d i c a l  h e l p  i m m e d i a t e l y  a f t e r  i n j u r y .  A n y  i n j u r y ,  
h o w e v e r  s l i g h t ,  s h o u l d  b e  t r e a t e d .

T E S T  E Q U I P M E N T

M a k e  c e r t a i n  t e s t  e q u i p m e n t  is c a l i b r a t e d  w i t h i n  r e q u i r e d  
d a t e s  a n d  is i n  g o o d  o p e r a t i n g  c o n d i t i o n .  If a t e s t  m e t e r  
m u s t  b e  h e l d ,  g r o u n d  t h e  c a s e  o f  t h e  m e t e r  b e f o r e  s t a r t i n g  
m e a s u r e m e n t ;  d o  n o t  t o u c h  l i v e  e q u i p m e n t  o r  p e r s o n n e l  
w o r k i n g  o n  l i v e  e q u i p m e n t  w h i l e  h o l d i n g  a t e s t  m e t e r .  S o m e  
t y p e s  o f  m e a s u r i n g  d e v i c e s  s h o u l d  n o t  b e  g r o u n d e d ;  t h e s e  
d e v i c e s  s h o u l d  n o t  b e  h e l d  w h e n  t a k i n g  m e a s u r e m e n t s .

W A R N I N G S

A  W A R N I N G  a p p e a r s  fo r  a n  o p e r a t i n g  or m a i n t e n a n c e  
p r o c e d u r e ,  p r a c t i c e ,  c o n d i t i o n ,  s t a t e m e n t ,  e t c . ,  w h i c h ,  if 
n o t  s t r i c t l y  o b s e r v e d ,  c o u l d  r e s u l t  in i n j u r y  t o  o r  d e a t h  
o f  p e r s o n n e l .

C A U T I O N

A  C A U T I O N  a p p e a r s  fo r  a n  o p e r a t i n g  o r  m a i n t e n a n c e  
p r o c e d u r e ,  p r a c t i c e ,  c o n d i t i o n ,  s t a t e m e n t ,  e t c . ,  w h i c h ,  if 
n o t  s t r i c t l y  o b s e r v e d ,  c o u l d  r e s u l t  in d a m a g e  t o  o r  
d e s t r u c t i o n  o f  t h e  e q u i p m e n t .
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Instal1ati on

This section supplies information needed to prepare the 
system site, a list of tools needed for install at ion, 
installation procedures, and checkout procedures needed to 
ensure system accuracy.

Functional Information

This section contains functional diagrams which permit 
maintenance personnel to isolate a fault to a given 
hardware unit/assembly.

Schematics, Wiring

Complete schematics with explanatory text are given for 
each assembly and subassembly. Wiring diagrams for the 
three main units of the system are also included in this 
s e c t i o n .

Repair Notes

Repair instructions, with pictorial guides, are given for 
all routine repair, replacement, and service operations.

Appendi ces

Integrated circuit data, a software listing, and a 
comprehensive parts list are found in this section. An 
appendix is also included which covers all details 
pertinent to the optional Autobalance module.



SECTION 1.
G E N E R A L  I N F O R M A T I O N

1-1. I N T R O D U C T I O N

T h i s  m a n u a l  is i n t e n d e d  f o r  u s e  b y  o n - s i t e  t e c h n i c a l  
p e r s o n n e l  a s  a  g u i d e  t o  i n s t a l l a t i o n ,  o p e r a t i o n ,  a n d  
p r e v e n t i v e  & c o r r e c t i v e  m a i n t e n a n c e  o f  t h e  M o d e l  1 0 6 3  
H y g r o t h e r m o m e t e r .

1 - 1 . 1  S c o p e

T h i s  m a n u a l  p r o v i d e s  a l l  i n f o r m a t i o n  n e c e s s a r y  t o  o p e r a t e  
a n d  m a i n t a i n  t h e  M o d e l  1 0 6 3  H y g r o t h e r m o m e t e r .

1 - 1 . 2  A p p l i c a b i l i t y

T h i s  m a n u a l  is a p p l i c a b l e  t o  t h e  M o d e l  1063, m a n u f a c t u r e d  
b y  T e c h n i c a l  S e r v i c e s  L a b o r a t o r y ,  a n d  t o  s u b a s s e m b l i e s  o f  
t h i s  m o d e l .

1 - 1 . 3  W a r r a n t y

E a c h  s y s t e m ,  i n c l u d i n g  a l l  p a r t s ,  s p a r e  p a r t s ,  a n d  
n o n - r e p a i r a b l e  s u b a s s e m b l i e s ,  s h a l l  b e  i n d i v i d u a l l y  
g u a r a n t e e d  a g a i n s t  a n y  n o n c o m p l i a n c e  w i t h  t h i s  
s p e c i f i c a t i o n  f o r  a p e r i o d  o f  1 8 0  c a l e n d a r  d a y s  a f t e r  f i n a l  
c u s t o m e r  a c c e p t a n c e  o f  t h a t  s y s t e m .  S h o u l d  a n y  
n o n c o m p l i a n c y  d e v e l o p  w i t h i n  t h e  g u a r a n t e e  p e r i o d ,  th e  
n o n c o m p l i a n t  p a r t ( s )  s h a l l  b e  r e p l a c e d  w i t h  c o m p l i a n t  
p a r t ( s )  b y  t h e  C o n t r a c t o r  f . o . b .  p o i n t  o f  i n s t a l l a t i o n  
w i t h o u t  e x p e n s e  to t h e  c u s t o m e r .

A l l  r e p l a c e d  p a r t s ,  s p a r e  p a r t s ,  e q u i p m e n t ,  a n d
n o n - r e p a i r a b l e  s u b a s s e m b l i e s  s h a l l  b e  c o v e r e d  u n d e r  th e  
p r o v i s i o n s  o f  t h i s  g u a r a n t e e  f o r  a m i n i m u m  o f  3 0  c a l e n d a r  
d a y s  i n  a d d i t i o n  to t h e  o r i g i n a l  g u a r a n t e e  p e r i o d  a f t e r  
r e c e i p t  o f  t h a t  i t e m  b y  t h e  c u s t o m e r  a t  th e  p o i n t  of 
i n s t a l l a t i o n .
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1 - 2  E Q U I P M E N T  D E S C R I P T I O N

T h e  M o d e l  1 0 6 3  H y g r o t h e r m o m e t e r  S y s t e m  is a  c l i m a t i c  
t h e r m o m e t e r  a n d  d e w  p o i n t  i n d i c a t o r  d e v e l o p e d  b y  T e c h n i c a l  
S e r v i c e s  L a b o r a t o r y .  I t  w a s  i n i t i a l l y  d e v e l o p e d  a s  M o d e l  
H 0 8 3  f o r  t h e  N a t i o n a l  W e a t h e r  S e r v i c e  a n d  m e e t s  a l l  o f  t h e  
r e q u i r e m e n t s  o f  N W S  S p e c i f i c a t i o n  # H 0 8 3 ,  d a t e d  2 / 2 5 / 8 1 .  T h e  
s y s t e m  i n d i c a t e s  d e w - p o i n t  a n d  a m b i e n t  t e m p e r a t u r e s  in t h e  
r a n g e  o f  - 6 0  t o  + 6 0  D e g r e e s  C e l s i u s .  A m b i e n t  t e m p e r a t u r e  
m e a s u r e m e n t  a c c u r a c y  is 0 . 5 * R M S  t h r o u g h o u t  t h e  r a n g e .  D e w  
p o i n t  a c c u r a c y  is 0 . 5 * R M S  a b o v e  0 . B e l o w  0 f d e w  p o i n t  
a c c u r a c y  v a r i e s  w i t h  d e c r e a s i n g  t e m p e r a t u r e ,  t o  a w o r s t  
c a s e  o f  a p p r o x i m a t e l y  2 * R M S .  R e s o l u t i o n  o f  d i s p l a y  is 0 . 1  
D e g r e e  C e l s i u s .  T h e  d e w  p o i n t  i n s t r u m e n t  c h a n n e l  is 
c a l i b r a t e d  t o  r e a d  d e w  p o i n t ,  n o t  f r o s t  p o i n t ,  b e l o w  0*C.

T h e  s y s t e m  c o n s i s t s  o f  t h r e e  c o m p o n e n t  u n i t s ,  s h o w n  in 
F i g u r e  1-1: a n  a s p i r a t o r ,  t r a n s m i t t e r ,  a n d  a d i s p l a y  u n i t .  
T h e  a s p i r a t o r  is m o u n t e d  o u t d o o r s  in a  l o c a t i o n  w h e r e  it 
m a y  s a m p l e  t h e  l o c a l  a t m o s p h e r e  w i t h  a m i n i m u m  o f  
d i s t r a c t i v e  i n f l u e n c e s  s u c h  a s  g r o u n d  w a t e r ,  v e g e t a t i o n ,  
e t c .  T h e  t r a n s m i t t e r  is l o c a t e d  w i t h i n  5 f e e t  o f  th e  
a s p i r a t o r ,  a n d  is d e s i g n e d  t o  b e  w e a t h e r p r o o f . A  t e l e p h o n e  
l i n e  c o n n e c t s  t h e  t r a n s m i t t e r  t o  t h e  r e m o t e  d i s p l a y  u n i t .  
T h e  d i s p l a y  u n i t  m a y  b e  l o c a t e d  a s  m u c h  a s  t w o  m i l e s  a w a y  
f r o m  t h e  a s p i r a t o r  a n d  t r a n s m i t t e r  w i t h o u t  t h e  n e e d  for 
s p e c i a l  s i g n a l  h a n d l i n g  e q u i p m e n t ,  a n d  is d e s i g n e d  for a n  
i n d o o r  e n v i r o n m e n t .  C e r t a i n  i n s t a l l a t i o n s  m a y  b e  e q u i p p e d  
o n l y  w i t h  t h e  A s p i r a t o r  a n d  T r a n s m i t t e r  U n i t s ;  t h e s e  s i t e s  
w i l l  u s e  t h e i r  o w n  d a t a  p r o c e s s i n g  s y s t e m  in l i e u  o f  t h e  
M o d e l  1 0 6 3  D i s p l a y  U n i t .

T h e r e  a r e  m a n y  w a y s  in w h i c h  d e w  p o i n t  m e a s u r e m e n t s  c a n  b e  
m a d e .  T h e  c l a s s i c  m e t h o d  is b y  u s i n g  a " s l i n g  p s y c h r o m e t e r " 
w h i c h  c o n s i s t s  s i m p l y  o f  a d r y -  a n d  w e t - b u l b  t h e r m o m e t e r  
p a i r  w h i c h  t h e  o p e r a t o r  s l i n g s  o v e r  h i s  h e a d  fo r  a  m i n u t e  
o r  so, t o  m a k e  w e t  a n d  d r y  b u l b  t e m p e r a t u r e  r e a d i n g s .  H e  
t h e n  c o n v e r t s  t h e  d a t a  b y  r e f e r e n c e  t o  a s t a n d a r d  c h a r t  t o  
d e t e r m i n e  d e w  p o i n t .  T h i s  m e t h o d ,  a l t h o u g h  c u m b e r s o m e ,  is 
s t i l l  t h e  s t a n d a r d  b a c k u p  fo r  m o s t  e l e c t r o n i c  s y s t e m s .

O t h e r  m o r e  d i r e c t  m e t h o d s  o f  m e a s u r i n g  d e w  p o i n t  i n c l u d e  
l i t h i u m  c h l o r i d e  d e w  c e l l s ,  a n d  n u c l e a r  d e t e c t o r  c e l l s .  A l l  
o f  t h e  a f o r e m e n t i o n e d  m e t h o d s  h a v e  a  c o m m o n  d r a w b a c k ,  
h o w e v e r ;  t h e y  m e a s u r e  d e w  p o i n t  i n  a n  i n d i r e c t  m a n n e r .  T h e y  
a l l  e n a b l e  t h e  o p e r a t o r  t o  c o m p u t e  d e w  p o i n t  i n  t e r m s  o f  
s i d e  e f f e c t s  s u c h  a s  a i r  m o i s t u r e  c o n t e n t ,  e l e c t r i c a l  
c o n d u c t i v i t y ,  r e l a t i v e  h u m i d i t y ,  e t c .
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■FIELD INSTALLATION

ASPIRATOR 
(UNIT I)

V. INDOOR
INSTALLATION

FIGURE M  
RELATIONSHIP OF UNITS
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U N I T  1 

A S P I R A T O R

1A1 
D E W  P O I N T  

S E N S O R

A U T O B A L A N C E
M O D U L E

( O P T I O N A L )

F I G U R E  1-2

M O D E L  1063 H Y G R O T H E R M O M E T E R  
F A M I L Y  T R E E



T h e  c h i l l e d  m i r r o r  h y g r o t h e r m o m e t e r  m e t h o d  a s  u s e d  in the 

M o d e l  1 0 6 3  s y s t e m  a n d  m a n y  o t h e r  d e w  p o i n t  i n d i c a t o r s  is 
u n i q u e  in t h a t  it m e a s u r e s  d e w  p o i n t  d i r e c t l y ,  in 
a c c o r d a n c e  w i t h  t h e  b a s i c  d e f i n i t i o n  o f  d e w  p o i n t .  B y  
d e f i n i t i o n ,  t h e  d e w  p o i n t  o f  a  s a m p l e  o f  a i r  is th e  
t e m p e r a t u r e  t o  w h i c h  t h e  a i r  m u s t  b e  l o w e r e d  t o  m a k e  t h e  
v a p o r  b e c o m e  j u s t  v i s i b l e  b y  c o n d e n s a t i o n .  I n  t h e  c h i l l e d  
m i r r o r  s y s t e m ,  a  m i r r o r  is h e l d  a t  t h e  t e m p e r a t u r e  a t  w h i c h  
a f i n e  f i l m  o f  c o n d e n s a t e  is p r e s e n t  o n  t h e  s u r f a c e  w i t h o u t  
i n c r e a s i n g  o r  d e c r e a s i n g  i n  t h i c k n e s s .  W i t h  a  m i r r o r  
m a i n t a i n e d  a t  p r e c i s e l y  t h i s  t e m p e r a t u r e ,  it is a  s i m p l e  
m a t t e r  t o  r e a d  t h e  m i r r o r  s u r f a c e  t e m p e r a t u r e  a n d  d i s p l a y  
t h a t  t e m p e r a t u r e  a s  t h e  d e w  p o i n t .

I n t e r n a l  c i r c u i t y  o f  t h e  M o d e l  1 0 6 3  i n c l u d e  a m e a n s  o f  
r e f r i g e r a t i n g  a s m a l l  m i r r o r ,  a n d  b y  w a y  o f  a n  o p t i c a l  
f e e d b a c k  l o o p ,  m a i n t a i n i n g  t h e  m i r r o r  a t  e x a c t l y  t h e  
t e m p e r a t u r e  a t  w h i c h  t h e  m i r r o r  s u r f a c e  is s l i g h t l y  c l o u d e d  
w i t h  c o n d e n s e d  w a t e r  v a p o r  f r o m  t h e  s a m p l e d  a i r .  A  
p r e c i s i o n  t h e r m a l  s e n s o r  i m b e d d e d  in t h e  m i r r o r  p r o v i d e s  
t h e  b a s i s  f or m a k i n g  t h e  t e m p e r a t u r e  m e a s u r e m e n t .  A  s i m i l a r  
t h e r m a l  s e n s o r  l o c a t e d  in t h e  s u r r o u n d i n g  a i r  i n d i c a t e s  t h e  

a m b i e n t  t e m p e r a t u r e .

1-3 R E L A T I O N S H I P  O F  U N I T S

F i g u r e  1- 1  s h o w s  t h e  p h y s i c a l  r e l a t i o n s h i p s  o f  t h e  t h r e e  
m a i n  h a r d w a r e  u n i t s  o f  t h e  10 6 3 .  F i g u r e  1 - 2  s h o w s  t h e  

s y s t e m a t i c  r e l a t i o n s h i p  o f  a l l  c o m p o n e n t s .

1 - 4  R E F E R E N C E  D A T A

T a b l e  1 - 1  s u p p l i e s  r e f e r e n c e  d a t a  fo r  t h e  t h r e e  m a i n  

h a r d w a r e  u n i t s  o f  t h e  1 0 6 3 .

1 - 5  E Q U I P M E N T  S U P P L I E D

T a b l e  1 - 2  l i s t s  t h e  e q u i p m e n t  s u p p l i e d  w i t h  a t y p i c a l  1 0 6 3  

s y s t e m .

1- 6  E Q U I P M E N T  R E Q U I R E D ,  N O T  S U P P L I E D

T a b l e  1-3 l i s t s  th e  e q u i p m e n t  t h a t  is r e q u i r e d  t o  i n s t a l l  
a n d  m a i n t a i n  t h e  10 6 3 ,  b u t  n o t  s u p p l i e d  w i t h  a t y p i c a l  
s y s t e m .
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1. ASPIRATOR/SENSOR UNIT

Power:

Environment 
Temperature: 
Relative Humidity: 
W i n d :

Ice Loading:

Accuracy:

Ambient temperature: 

Oew point:

Sen si ti vity:

2. TRANSMITTER UNIT

Signal type: 
Frequency:
Output Load:
Sample rate:
Po wer:

Environment:

3. DISPLAY UNIT

D i g i t a l  d i s p l a y :
Character height: 
Character width: 
Viewing angle:

Pow er:

Env ironment: 
Temper ature: 
Relative Humidity:

Tab! e

120 V, 60 Hz, 0.2 amp. 
Supplied by Transmitter

-50* C to +70* C.
5% to 100%
0 to 50 knots 
To 1 inch
Note: Ice coat or snow cap 
may affect accuracy, but 
equipment will return to 
normal operation aftkr re 
moval of ice/snow.

+/- 0.5- C RMS, -50* C to 
+ 50* C
Variable with conditions 
below 0*,2* RMS worst case. 
0.5* C , above 0 *
0.1* C

R S -232
600 baud
600 ohms
2.5 per second
120 V, 60 Hz, 1.0 amperes,
nomi nal

Same as for Aspirator Unit

0 . 5  in.
0.25 in.
45* or more from a 
perpendicular to the 
face

120 V, 60 Hz, 1.0 ampere 
nomi nal

+ 10*, C to +50* C 
10% to 80%

1-1
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Q u a n t i t y  U n i t
N a m e

W e i g h t  a n d  D i m e n s i o n s  
( U n c r a t e d )

A s p i r a t o r  U n i t  14" L
8" W  
8" D
6 L b s

T r a n s m i t t e r  U n i t  19" L
14" W  
6" D  

2 8  L b s

D i s p l a y  U n i t  19" L
6" W  

15" D 
14 L b s

M o u n t i n g  K i t ,  M a n u a l ,  25" L
A c c e s s o r i e s  ( B o x e d )  14" W

6" D  
22 L b s

T a b l e  1 - 2

E Q U I P M E N T  S U P P L I E D  W I T H  S Y S T E M
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C A T E G O R Y

P O W E R  C A B L E

C O M M U N I C A T I O N  C A B L E S

M O U N T I N G  P O L E

D I G I T A L  V O L T - O H M E T E R

O S C I L L O S C O P E

R E C O M M E N D E D
E Q U I P M E N T

P E R  I N S T A L L A T I O N  S P E C S

P E R  I N S T A L L A T I O N  S P E C S

P E R  I N S T A L L A T I O N  S P E C S

S I M P S O N  4 6 5  O R  E Q U A L

T E K T R O N I X  T 9 2 2  O R  E Q U A L

T A B L E  1 - 3  

E Q U I P M E N T  R E Q U I R E D ,  N O T  S U P P L I E D
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OPERATION

2-1. I N T R O D U C T I O N

T h i s  s e c t i o n  p r o v i d e s  t h e  o p e r a t o r  o f  t h e  1 0 6 3  
H y g r o t h e r m o m e t e r  S y s t e m  w i t h  a l l  i n f o r m a t i o n  n e e d e d  to u s e  
t h e  s y s t e m  s u c c e s s f u l l y  u n d e r  a l l  c o n d i t i o n s .

2-2. O P E R A T O R S  D A T A  T A B L E

T h e  o p e r a t o r s  d a t a  t a b l e ,  T a b l e  2-1, l i s t s  a l l  s w i t c h e s  a n d  
i n d i c a t o r s  t h a t  a p p e a r  o n  t h e  D i s p l a y  u n i t ,  s h o w n  in F i g u r e
2-1. T h e  t a b l e  d e s c r i b e s  e a c h  i t e m  a n d  l i s t s  its u s u a l  
s t a t u s  o r  p o s i t i o n  w h e n  t h e  u n i t  is o p e r a t i n g  n o r m a l l y .

FRONT PANEL

Moot SIGNAL POWER FUSE 
AvC. WPUT

AC POWER SCO d a ta  o u t

• v ' . . . .0 0 

0
o

WST J l  *  *AMP

REAR PANEL

FIGURE 2-1 
DISPLAY UNIT PANELS
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SflyTRgL.PFuIflBlSATgB
AC Power On-Off 

Display Teat Switch

Diuaer Control

Max/Min Reset Switch 

Ta Display

Tnax Display 

Tmin Display 

Td Display

Error Light

Fahrenheit Display Switch

Display Mode Switch 
(REAR PANEL)

to
I
NJ

Energizes Display Panel only.

When depressed, all light segaents of the four 
digital displays (Td, Ta. Taax, t Tain) should 
indicate -188.n and Error Light should blink.

Allows operator to select desired display 
brightness. Pull clockwise position produces 
full brightness.

When pushed simultaneously with Fahrenheit 
Display Switch, resets Taax and Tain displays.

Four-digit numeric display with negative (-) 
or positive (blank) sign indicates present 
aabient temperature through the range of **79.9 
to -*-79.9 C.. or, with Fahrenheit Display Switch 
depressed, indicates >188 to +188 F.

Four-digit nuaeric display with negative (-) 
or positive (blank) sign indicates aost 
positive Ta displayed since last “reset".

Four-digit nuaeric display with negative (-) 
or positive (blank) sign indicates aost 
negative Ta displayed since last "reset".

Four-digit nuaeric display with negative (-) 
or positive (blank) sign Indicates present 
dew point teaperature through range of -79.9 
to +79.9 C or, with Fahrenheit Display Switch 
depressed, indicates -188 to +188 F.

Indicator light blinks when one of the fol
lowing errors occurs:
1. Signal is not present.
2. Error is detected in transaitter.
3. Data is suspected to be in error.

When depressed, all four displays indicate 
present data in Fahrenheit teaperatures 
instead of Celsius teaperatures.

In the normal (AVERAGE) position, 
displayed data is averaged over a 5-minute 
period. In the INST (INSTANTANEOUS) positon, 
data is displayed instantaneously as received 
and Tnax, Tain displays do not function. This 
switch is used.for test purposes only.

Table 2-1.

PKjgMEIlfiB
ON position

Out position 
(Relaxed)

As desired

Out position 
(Relaxed)

Data indication

Data indication 

Data indication 

Data indication

Light is out

Out position 
(Relaxed)

Up position 
(AVERAGE)
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2-3. OPERATING PROCEDURES
T h e  f o l l o w i n g  p r o c e d u r e s  a l l o w  t h e  o p e r a t o r  to s a f e l y  
e n e r g i z e  t h e  D i s p l a y  u n i t ,  u t i l i z e  d i s p l a y e d  d a t a ,  a n d  t u r n  
o f f  t h e  u n i t  w h e n  n e c e s s a r y .

a. S a f e t y  P r e c a u t i o n s

W A R N I N G

T h e r e  a r e  n o  o p e r a t o r - s e r v i c e a b l e  c o m p o n e n t s  
in t h e  1 0 6 3  S y s t e m .  H i g h  v o l t a g e s  a r e  p r e s e n t  
i n s i d e  th e  e q u i p m e n t  w i t h  t h e  m a i n  p o w e r  s w i t c h  
t h e  O N  p o s i t i o n ,  a n d  u n d e r  c e r t a i n  c o n d i t i o n s  
m a y  a l s o  e x i s t  w h e n  t h e  s w i t c h  is O F F .

b. O P E R A T O R  T U R N - O N

T h e  s y s t e m  is d e s i g n e d  for c o n t i n u o u s  o p e r a t i o n  a n d  w i l l  
n o r m a l l y  r e m a i n  o n  a t  a l l  t i m e s ,  e x c e p t  for m a i n t e n a n c e  o r  
r e p a i r s .

T h e  s y s t e m  is p l a c e d  in o p e r a t i o n  b y  t u r n i n g  o n  th e  m a i n  
p o w e r  s w i t c h  o n  t h e  r e a r  p a n e l  o f  t h e  D i s p l a y  U n i t .  T h e  
d a t a  d i s p l a y s  w i l l  b e g i n  u p d a t i n g  a t  1 8 . 7 5  s e c o n d  i n t e r v a l s  
a n d  th e  E r r o r  L i g h t  w i l l  f l a s h  fo r  a p p r o x i m a t e l y  f i v e  
m i n u t e s  w h i l e  th e  d a t a  a v e r a g e s  b u i l d  up. If t h e  E r r o r  
L i g h t  b l i n k s  for m o r e  t h a n  5 m i n u t e s ,  a t e c h n i c i a n  s h o u l d  
b e  c a l l e d  t o  e n s u r e  t h a t  t h e  T r a n s m i t t e r  p o w e r  s w i t c h  h a s  
b e e n  t u r n e d  o n  o r  t o  p e r f o r m  c o r r e c t i v e  m a i n t e n a n c e .

c. M O D E S  O F  O P E R A T I O N

T h e  D i s p l a y  u n i t  h a s  t w o  d i s t i n c t  m o d e s  o f  o p e r a t i o n ,  
A v e r a g i n g  a n d  I n s t a n t a n e o u s ,  s e l e c t e d  b y  a s w i t c h  o n  th e  
r e a r  p a n e l .  T h e  A v e r a g e  p o s i t i o n  is to b e  u s e d  u n d e r  a l l  
n o r m a l  c i r c u m s t a n c e s ,  t h e  I n s t  p o s i t i o n  o n l y  for t e s t  
p u r p o s e s .  In th e  I n s t  p o s i t i o n ,  t h e  d a t a  a v e r a g i n g  a n d  
T m a x / T m i n  m a i n t e n a n c e  p r o g r a m s  a r e  b y p a s s e d  a n d  t h e  d a t a  is 
d i s p l a y e d  c o n t i n u o u s l y  a s  r e c e i v e d .  A s  a w a r n i n g  to th e  
o p e r a t o r ,  t h e  E r r o r  l i g h t  f l a s h e s  a t  a l l  t i m e s  w h e n  th e  
s y s t e m  is in the I n s t a n t a n e o u s  m o d e .

T h e  t e m p e r a t u r e  d i s p l a y s  n o r m a l l y  r e a d  o u t  in d e g r e e s  
C e l s i u s ;  h o w e v e r ,  w h e n  t h e  F a h r e n h e i t  p u s h b u t t o n  is 
d e p r e s s e d ,  a l l  f o u r  t e m p e r a t u r e  r e a d o u t s  d i s p l a y  
F a h r e n h e i t .  W h e n  t h e  s w i t c h  is r e l e a s e d ,  a l l  d i s p l a y s  
r e v e r t  to th e  C e l s i u s  m o d e .
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d. OPERATOR TURN-OFF
T h e  D i s p l a y  u n i t  is s h u t  d o w n  b y  t u r n i n g  o f f  t h e  m a i n  p o w e r  
s w i t c h  l o c a t e d  o n  th e  r e a r  p a n e l .  T h e  D i s p l a y  u n i t  is 
n o r m a l l y  l e f t  e n e r g i z e d  f o r  c o n t i n u o u s  o p e r a t i o n  u n l e s s  
m a i n t e n a n c e  is t o  b e  p e r f o r m e d .

2-4. T U R N - O N /C H E C K - O U T  P R O C E D U R E S

I m m e d i a t e l y  a f t e r  e n e r g i z i n g  t h e  D i s p l a y  u n i t ,  t h e  o p e r a t o r  
s h o u l d  d e p r e s s  t h e  D i s p l a y  T e s t  S w i t c h  t o  e n s u r e  t h e  
o p e r a t i o n  o f  the D i s p l a y  m o d u l e s .  W i t h  t h e  s w i t c h  
d e p r e s s e d ,  a l l  f o u r  D i s p l a y  m o d u l e s  s h o u l d  i n d i c a t e  - 1 8 8 . 8  
a n d  th e  E r r o r  L i g h t  s h o u l d  f l a s h .  I f  a n y  o f  t h e  m o d u l e s  
d o e s  n o t  i n d i c a t e  - 1 8 8 . 8  o r  t h e  E r r o r  L i g h t  d o e s  n o t  f l a s h ,  
a t e c h n i c i a n  s h o u l d  b e  c a l l e d .

O p e r a t o r ' s  o n l y  o t h e r  i n d i c a t i o n  o f  u n s a t i s f a c t o r y  
p e r f o r m a n c e  w i l l  b e  t h e  i l l u m i n a t i o n  o f  t h e  E r r o r  L i g h t .  If 
t h i s  o c c u r s ,  t h e  O p e r a t o r  s h o u l d  c a l l  a t e c h n i c i a n  to 
t h o r o u g h l y  i n s p e c t  t h e  s y s t e m .  If t h e  E r r o r  L i g h t  d o e s  n o t  
l i g h t ,  it c a n  b e  a s s u m e d  t h a t  a n y  d a t a  d i s p l a y e d  is 
r e l i a b l e  b e c a u s e  of t h e  s y s t e m ' s  o w n  e r r o r  d e t e c t i o n  
c a p a b i l i t y .

T o  i n i t i a t e  M a x / M i n  t e m p e r a t u r e  r e c o r d i n g ,  t h e  s y s t e m  m u s t  
b e  r e s e t .  T h i s  is d o n e  b y  d e p r e s s i n g  t h e  M a x / M i n  R e s e t  
s w i t c h  a n d  t h e  F a h r e n h e i t  d i s p l a y  s w i t c h  s i m u l t a n e o u s l y .  
T h e  T m a x  a n d  T m i n  d i s p l a y s  w i l l  t h e n  a s s u m e  t h e  c u r r e n t  
v a l u e  o f  Ta, a n d  w i l l  t r a c k  T m a x  a n d  T m i n  a s  t e m p e r a t u r e  
c h a n g e s .

O p e r a t i o n  o f  th e  D i s p l a y  u n i t  a f t e r  s t a r t - u p  is f u l l y  
a u t o m a t i c .  I n  t he e v e n t  o f  A C  p o w e r  f a i l u r e ,  a  s t a n d b y  
b a t t e r y  in t h e  D i s p l a y  u n i t  w i l l  m a i n t a i n  t h e  s t o r e d  v a l u e s  
o f  Ta, Td, T m a x ,  a n d  T m i n  for u p  t o  a p p r o x i m a t e l y  10 h o u r s  
a l t h o u g h  t h e  d i s p l a y s  w i l l  n o t  b e  l i g h t e d .  I n i t i a l  c h a r g i n g  
t i m e  f o r  t h e  b a t t e r y  is a p p r o x i m a t e l y  10 h o u r s  o f  n o r m a l  
o p e r a t i o n .

2-5. O P E R A T O R ' S  M A I N T E N A N C E  A C T I O N S  A N D  S C H E D U L E S

N o  m a i n t e n a n c e  t a s k s  a r e  i n t e n d e d  t o  b e  p e r f o r m e d  b y  t h e  
o p e r a t o r .  P e r i o d i c  m a i n t e n a n c e  o r  c o r r e c t i v e  m a i n t e n a n c e  
m u s t  b e  p e r f o r m e d  b y  a t r a i n e d  t e c h n i c i a n .
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S E C T I O N  3 

T H E O R Y  O F  O P E R A T I O N

3-1. I N T R O D U C T I O N

T h i s  s e c t i o n  g i v e s  a d e t a i l e d  e x p l a n a t i o n  o f  h o w  th e  1 0 6 3  
H y g r o t h e r m o m e t e r  S y s t e m  c o n v e r t s  p h y s i c a l  s t i m u l i  
( T e m p e r a t u r e ,  D e w  P o i n t )  a s  r e c e i v e d  in t h e  A s p i r a t o r  U n i t  
i n t o  u s a b l e  d a t a  fo r  t h e  o p e r a t o r  p r e s e n t e d  o n  t h e  D i s p l a y  
U n i  t .

D e s c r i p t i o n  o f  t h e  s y s t e m  o p e r a t i o n  is b r o k e n  i n t o  s e v e r a l  
s e p a r a t e  f u n c t i o n a l  a r e a s .  A l l  o f  t he d e s c r i p t i v e  d a t a  
g i v e n  in t h i s  s e c t i o n  is p e r t i n e n t  a n d  a c c u r a t e ,  a l t h o u g h  
th e  c i r c u i t  d e s c r i p t i o n s  h a v e  b e e n  s i m p l i f i e d  to s h o w  o n l y  
the b a s i c  f u n c t i o n a l  e l e m e n t s .  F o r  a d e t a i l e d  t r e a t m e n t  o f  
c i r c u i t  o p e r a t i o n ,  t h e  r e a d e r  is d i r e c t e d  to S e c t i o n s  6 a n d
7, in w h i c h  t h e  c i r c u i t s  a r e  a n a l y z e d  d o w n  to th e  l o w e s t  
c o m p o n e n t  l e v e l .

3-2. T H E R M A L  C O N T R O L  L O O P

F i g u r e  3 - 1  d e s c r i b e s  t h e  e l e m e n t s  o f  the f e e d b a c k  l o o p  
w h i c h  m a i n t a i n s  t h e  m i r r o r  a t  t h e  d e w  p o i n t  t e m p e r a t u r e .

A  l i g h t  b e a m  f r o m  a s m a l l  L E D ,  C R l ,  is d i r e c t e d  a t  the 
s u r f a c e  o f  a m i r r o r  a t  a n  a n g l e  o f  4 5  d e g r e e s .  T w o  
p h o t o t r a n s i s t o r s ,  Q 1  a n d  Q2, a r e  m o u n t e d  t o  r e c e i v e  the 
r e f l e c t e d  l i g h t  a s  s h o w n .  Ql, t h e  " d i r e c t "  s e n s o r ,  is 
p l a c e d  s o  t h a t  it r e c e i v e s  a h i g h  d e g r e e  o f  l i g h t  w h e n  th e  
m i r r o r  is c l e a r .  Q2, t h e  “i n d i r e c t "  s e n s o r ,  is l o c a t e d  so 
t h a t  it is s e n s i t i v e  t o  l i g h t  w h i c h  is s c a t t e r e d  w h e n  th e  
m i r r o r  is c l o u d e d  w i t h  v i s i b l e  c o n d e n s a t i o n .  A s  t he d e g r e e  
of c l o u d i n e s s  o f  t h e  m i r r o r  s u r f a c e  i n c r e a s e s ,  Q l  t e n d s  to 
r e c e i v e  l e s s  l i g h t  a n d  Q 2  t e n d s  t o  r e c e i v e  m o r e  l i g h t .

F o l l o w i n g  Q l  a n d  Q 2  a r e  a p a i r  o f  i d e n t i c a l  s i g n a l  
a m p l i f i e r - d e t e c t o r s , U 5 a  a n d  U 6 A ,  w h i c h  d r i v e  a 
d i f f e r e n t i a l  c o n t r o l  a m p l i f i e r ,  U 6 B .  T h e  o u t p u t  o f  t h i s  
h i g h - g a i n  a m p l i f i e r  is n e g a t i v e  w h e n  th e  m i r r o r  is c l e a r ,  
a n d  p o s i t i v e  w h e n  t h e  m i r r o r  is h e a v i l y  c l o u d e d ,  b e c a u s e  o f  
the p o s i t i v e  d i f f e r e n c e  b e t w e e n  t h e  o u t p u t s  o f  Q l  a n d  Q2.
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T h e  o u t p u t  o f  U 6 B ,  t h r o u g h  a  p o w e r  a m p l i f i e r ,  d r i v e s  t h e  
m i r r o r  c o o l i n g  m o d u l e ,  Ul. T h i s  d e v i c e  is a n  e l e c t r o n i c  
h e a t  p u m p ,  o p e r a t i n g  m u c h  l i k e  a t h e r m o c o u p l e  in r e v e r s e .  
W i t h  a D C  v o l t a g e  a p p l i e d  a c r o s s  t h e  t e r m i n a l s ,  t h e  m o d u l e  
p r o d u c e s  a  t e m p e r a t u r e  d i f f e r e n c e  b e t w e e n  it s  u p p e r  a n d  
l o w e r  s u r f a c e s .  D e p e n d i n g  o n  t h e  p o l a r i t y  o f  t h e  a p p l i e d  
v o l t a g e ,  t h e  t h e r m a l  m o d u l e  c a n  p r o d u c e  h e a t i n g  o r  c o o l i n g  
e f f e c t .

T h e  f e e d b a c k  l o o p  is e f f e c t i v e l y  c l o s e d  b y  t h e  p h y s i c a l  
p h e n o m e n o n  o f  f o r m a t i o n  o f  c o n d e n s a t e  o n  t h e  m i r r o r  a s  t h e  
m i r r o r  is c o o l e d  b y  t h e  t h e r m a l  m o d u l e .  W h e n  t h e  u n i t  is 
f i r s t  t u r n e d  on, t h e  m i r r o r  is c l e a r  a n d  p h o t o s e n s o r  Q l  
r e c e i v e s  a h i g h  l e v e l  o f  d i r e c t l y  r e f l e c t e d  l i g h t ,  a n d  Q 2  
r e c e i v e s  n o  s c a t t e r e d  l i g h t .  T h i s  c o n d i t i o n  c a u s e s  a l a r g e  
n e g a t i v e  u n b a l a n c e  s i g n a l  a t  t h e  o u t p u t  o f  U 6 B ,  c a u s i n g  a 
h e a v y  c u r r e n t  t o  f l o w  t h r o u g h  t he t h e r m a l  m o d u l e  in t h e  
c o o l i n g  d i r e c t i o n .  T h e  u n b a l a n c e d  c o n d i t i o n  r e m a i n s ,  
t y p i c a l l y  fo r  a b o u t  o n e  m i n u t e ,  u n t i l  t h e  m i r r o r  s u r f a c e  
t e m p e r a t u r e  h a s  r e a c h e d  t h e  d e w  p o i n t  t e m p e r a t u r e .  A t  t h e  
d e w  p o i n t ,  t h e  o u t p u t  o f  Q l  d e c r e a s e s  a n d  t h e  o u t p u t  o f  Q 2  
i n c r e a s e s  b e c a u s e  o f  t h e  v i s i b l e  e f f e c t  o f  c o n d e n s a t i o n  o n  
th e  m i r r o r .  T h e  s y s t e m  n o w  s t a b i l i z e s  a t  t he d e w  p o i n t  
t e m p e r a t u r e ,  m a i n t a i n i n g  j u s t  e n o u g h  c o o l i n g  e f f e c t  t o  k e e p  
t h e  s i g n a l  l e v e l s  f r o m  Q l  a n d  Q 2  in b a l a n c e ,  w i t h  U 6 B  a n d  
t h e  p o w e r  a m p l i f i e r  s u p p l y i n g  j u s t  e n o u g h  c o o l i n g  c u r r e n t  
to m a i n t a i n  t h e  m i r r o r  t e m p e r a t u r e  a t  t h e  d e w  p o i n t .  If t h e  
d e w  p o i n t  o f  t h e  a i r  s h o u l d  c h a n g e ,  o r  if t h e  c i r c u i t  
s h o u l d  b e  d i s t u r b e d  b y  n o i s e ,  t h e  l o o p  m a k e s  t h e  n e c e s s a r y  
c o r r e c t i o n s  t o  r e - s t a b i l i z e  a t  t h e  d e w  p o i n t .  T h e  s y s t e m  is 
d e s i g n e d  fo r  c o n t i n u o u s  o p e r a t i o n .

T h e  s i m p l i f i e d  c i r c u i t r y  d e s c r i b e d  b y  F i g u r e  3 - 1  is t h e  
h e a r t  o f  t h e  h y g r o t h e r m o m e t e r .  A l l  t h a t  r e m a i n s  t o  m a k e  
t h i s  a u s e f u l  i n s t r u m e n t  is a m e a n s  o f  m e a s u r i n g  a n d  
d i s p l a y i n g  t h e  m i r r o r  t e m p e r a t u r e .

3-3. T E M P E R A T U R E  M E A S U R E M E N T

I n  t h e  M o d e l  1 063, t w o  t e m p e r a t u r e s  a r e  m e a s u r e d  a n d  
r e m o t e l y  d i s p l a y e d ,  a m b i e n t  (Ta) a n d  d e w  p o i n t  ( T d ) . T h e  
m e a s u r e m e n t  c i r c u i t s  f o r  t h e  t w o  c h a n n e l s  a r e  i d e n t i c a l .
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F i g u r e  3- 2  i l l u s t r a t e s  a l l  o f  t h e  c i r c u i t r y  i n v o l v e d  in 
p r o d u c i n g  t w o  o u t p u t  D C  v o l t a g e  l e v e l s  w h i c h  p r e c i s e l y  
r e p r e s e n t  T a  a n d  Td. T h e  b a s i c  s e n s o r  for t e m p e r a t u r e  
m e a s u r e m e n t  is a p l a t i n u m  w i r e  r e s i s t o r  c a l l e d  a n  RTD, f o r  
R e s i s t a n c e - T e m p e r a t u r e  D e v i c e .  T h i s  s e n s o r  is e n c a s e d  in a 
c e r a m i c  c y l i n d e r ,  a b o u t  1 / 8  i n c h  in d i a m e t e r  a n d  3 / 4  i n c h  
l o n g .  A t  a t e m p e r a t u r e  o f  O ’C, t h e  R T D  h a s  a n  e l e c t r i c a l  
r e s i s t a n c e  o f  e x a c t l y  1 0 0  o h m s .  T h e  r e s i s t a n c e  v a r i e s  
l i n e a r l y  w i t h  t e m p e r a t u r e ,  a t  a r a t e  o f  . 3 9 2  p e r c e n t  p e r  
d e g r e e  C.

I n  o u r  a p p l i c a t i o n ,  a c o n s t a n t  D C  c u r r e n t  o f  5 m i l l i a m p e r e s  
f l o w s  t h r o u g h  t h e  R TD, a n d  t he r e s u l t i n g  v o l t a g e  d r o p  
a c r o s s  th e  s e n s o r  is u s e d  a s  t h e  t e m p e r a t u r e  s i g n a l .  I n  t h e  
T a  c h a n n e l  o f  F i g u r e  3-2, a m p l i f i e r  U 8 A  is u s e d  as t h e  
c o n s t a n t  5 m i l l i a m p e r e  s o u r c e  t h r o u g h  t h e  R T D .  T h e  R T D  in 
t h i s  e x a m p l e  w o u l d  b e  l o c a t e d  i n  t h e  s t r e a m  o f  a i r  e n t e r i n g  
th e  a s p i r a t o r  u n i t ,  s o  t h a t  it w o u l d  a s s u m e  t h e  t e m p e r a t u r e  
o f  th e  a m b i e n t  a i r .  U 8 B  is u s e d  a s  a s c a l i n g  a n d  o f f s e t  
a d j u s t m e n t  a m p l i f i e r ,  s e t t i n g  t h e  o u t p u t  v o l t a g e  l e v e l  a t  a 
c o n v e n i e n t  v a l u e .

T w o  DC c u r r e n t s  f e e d  t h e  n o d e  o f  U 8A, a 5 ma r e f e r e n c e  
i n p u t  f r o m  a 6 . 2  v o l t  r e f e r e n c e  v o l t a g e  s o u r c e  t h r o u g h  a 
p r e c i s e  1 2 4 0  o h m  r e s i s t o r ,  a n d  a f e e d b a c k  c u r r e n t  of 
o p p o s i t e  p o l a r i t y  e q u a l  t o  U 8 A  o u t p u t  v o l t a g e  t h r o u g h  th e  
RTD. B y  s t a n d a r d  o p e r a t i o n a l  a m p l i f i e r  a n a l y s i s ,  o n e  c a n  
s e e  t h a t  t h e  f e e d b a c k  l o o p  w i l l  f o r c e  t h e  f e e d b a c k  c u r r e n t  
t o  b e  e q u a l  t o  t h e  5 m a  i n p u t  c u r r e n t .  S i n c e  th e  n o d e  o f  
the o p - a m p ,  p i n  1, is a t  v i r t u a l l y  z ero, t h e  U 8 A  o u t p u t  
v o l t a g e  m u s t  b e  e q u a l  t o  .01 x R l  v o l t s .  T h i s  w o u l d  g i v e  us 
a n  o u t p u t  v o l t a g e  e q u a l  t o  - . 5  v o l t  D C  a t  O ’ C, - 0 . 4  v o l t s  
a t  - 5 0 * C ,  a n d  - . 6  v o l t s  a t  + 5 0 * C .  T h e s e  v a l u e s  c o u l d  b e  
u s e d  d i r e c t l y  for m e a s u r e m e n t  a n d  d i s p l a y  p u r p o s e s ,  
h o w e v e r ,  t h e y  a r e  a m p l i f i e d ,  i n v e r t e d  a n d  o f f s e t  b y  U 8 B  to 
a m o r e  c o n v e n i e n t  s c a l e .  U 8 B  is a c o n v e n t i o n a l  i n v e r t i n g  
o p - a m p  w i t h  a g a i n  f a c t o r  o f  2 0 X  b y  v i r t u e  o f  t h e  r a t i o  o f  
t h e  f e e d b a c k  r e s i s t a n c e ,  R 3 4  a n d  R16 ,  a n d  t h e  i n p u t  
r e s i s t o r ,  R 1 5 .  T h e  g a i n ,  o r  s c a l e  f a c t o r ,  is s l i g h t l y  
a d j u s t a b l e  b y  v a r y i n g  t h e  s e t t i n g  o f  R 3 4 .  T h i s  is u s e d  a s  a 
c a l i b r a t i o n  a d j u s t m e n t .  T h e  i n p u t  o f f s e t  v a l u e  ( - 0 . 5  v o l t  
a t  0 * C )  is c a n c e l l e d  o u t  b y  t h e  s i g n a l  t h r o u g h  R 3 5  a n d  R14. 
P o t e n t i o m e t e r  R 3 5  is a d j u s t e d  t o  b r i n g  t h e  o u t p u t  o f  U 8 B  to 
z e r o  a t  0* C. A t  t h e  o u t p u t  o f  U 8 B ,  t h e  s i g n a l  l e v e l  v s  
t e m p e r a t u r e  r e l a t i o n s h i p  is 25 d e g r e e s  p e r  v o l t ,  w i t h  0 
v o l t s  r e p r e s e n t i n g  0 d e g r e e s  C. A  t e m p e r a t u r e  o f  p l u s  o r  
m i n u s  50 d e g r e e s  C  w o u l d  b e  r e p r e s e n t e d  b y  p l u s  o r  m i n u s  2 
v o l t s  D C  a t  t h e  o u t p u t .
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T h e  d e w  p o i n t  t e m p e r a t u r e  m e a s u r e m e n t  c h a n n e l  is i d e n t i c a l  
in al l  r e s p e c t s ,  e x c e p t  t h a t  t h e  d e w  p o i n t  R T D  is 
p h y s i c a l l y  l o c a t e d  i n s i d e  t h e  b o d y  o f  t h e  m i r r o r ,  s o  t h a t  
it a s s u m e s  t h e  t e m p e r a t u r e  o f  t h e  m i r r o r ,  w h i c h  is 
c o n s t a n t l y  h e l d  a t  t h e  d e w  p o i n t  t e m p e r a t u r e .

I n  a s i m p l e r  h y g r o t h e r m o m e t e r  s y s t e m ,  t h e  o u t p u t s  o f  U 8  a n d  
U 9  c o u l d  b e  c o n n e c t e d  t o  a p a i r  o f  v o l t m e t e r s  a n d  th e  
s y s t e m  w o u l d  b e  c o m p l e t e .  T h e  M o d e l  1 0 6 3  h a s  b e e n  d e s i g n e d  
for c a p a b i l i t y  o f  d i s p l a y i n g  t h e  o u t p u t s  a t  a g r e a t  
d i s t a n c e  f r o m  t h e  s e n s o r s ,  s o  a m e a n s  o f  t r a n s m i t t i n g  th e  
o u t p u t s  m u s t  b e  p r o v i d e d  w h i c h  is i n s e n s i t i v e  to t h e  
e f f e c t s  o f  l i n e  l e n g t h ,  n o i s e  a n d  o t h e r  s o u r c e s  o f  e r r o r s .

3-4. D A T A  M A N A G E M E N T

I n  a d d i t i o n  t o  s i m p l y  t r a n s m i t t i n g  t h e  t w o  a n a l o g  
t e m p e r a t u r e  s i g n a l s  t o  r e m o t e  i n d i c a t o r s ,  c e r t a i n  o t h e r  
o p e r a t i o n s  a r e  p e r f o r m e d  o n  t h e  d a t a .  A m o n g  t h e s e  a r e  
d e t e c t i o n  a n d  s t o r a g e  o f  m a x i m u m  a n d  m i n i m u m  t e m p e r a t u r e  
v a l u e s  a n d  a v e r a g i n g  t h e  d a t a  t o  e l i m i n a t e  s h o r t - t e r m  
v a r i a t i o n s .  B e c a u s e  o f  the c o m p l e x i t y  o f  c i r c u i t s  w h i c h  
w o u l d  b e  r e q u i r e d  for t h e s e  o p e r a t i o n s ,  m i c r o p r o c e s s o r s  
h a v e  b e e n  u s e d  f or a l l  o f  t h e  n e c e s s a r y  d a t a  m a n i p u l a t i o n s .  
I n  th e  t r a n s m i t t e r  u n i t ,  t h e  t w o  a n a l o g  s i g n a l s ,  T a  a n d  Td, 
a r e  c o n v e r t e d  t o  b i n a r y  d i g i t a l  w o r d s  a n d  f e d  t o  the i n p u t  
o f  a m i c r o p r o c e s s o r  ( M P U ) .  T h i s  M P U  is u s e d  o n l y  a s  a 
f o r m a t t i n g  d e v i c e ,  c o n v e r t i n g  t h e  i n p u t  d a t a  i n t o  a s e r i a l  
f o r m a t  s u i t a b l e  for t r a n s m i s s i o n  o v e r  l o n g  d i s t a n c e  
t e l e p h o n e  e q u i p m e n t .  I n  t h e  d i s p l a y  u n i t ,  a n o t h e r  s i m i l a r  
M P U  r e c e i v e s  t h e  d a t a  w o r d s  a n d  p e r f o r m s  a l l  of th e  
n e c e s s a r y  a r i t h m e t i c  o p e r a t i o n s  a n d  r e - f o r m a t s  t h e  d a t a  fo r  
o u t p u t  d i s p l a y  o n  n u m e r i c  p a n e l  i n d i c a t o r s .  A s  a n  
i n c i d e n t a l  f u n c t i o n ,  t h e  M P U 's a l s o  p e r f o r m  d a t a  q u a l i t y  
c h e c k s  a s  a s a f e g u a r d  a g a i n s t  e f f e c t s  o f  d e t e c t a b l e  e r r o r s ,  
n o i s e ,  a n d  c o m p o n e n t  f a i l u r e s .

3-5. A N A L O G - T O - D I G I T A L  C O N V E R S I O N

A  s i n g l e  A - t o - D  c o n v e r t e r ,  t y p e  7 1 0 9 , is u s e d  f o r  t h e  T a  a n d  
T d  d a t a ,  s o  a m e a n s  m u s t  b e  i n c l u d e d  fo r  t i m e - s h a r i n g  o r  
m u l t i p l e x i n g  t h e  c o n v e r t e r  i n p u t .  T h e  m u l t i p l e x  g a t e s  a n d  
th e  A - t o - D  c o n v e r t e r  c o n n e c t i o n s  a r e  s h o w n  o n  F i g u r e  3-3.
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3-6. DATA MULTIPLEX
T w o  C M O S  g a t e s  a r e  u s e d  t o  s e l e c t i v e l y  c o n n e c t  T a  a n d  T d  to 
th e  i n p u t  t o  the c o n v e r t e r .  T h e  g a t e s  a re, in e f f e c t ,  
s e r i e s  s w i t c h e s ,  e a c h  c o n t r o l l e d  b y  a  s e l e c t  l i n e .  W h e n  the 
c o n t r o l  l i n e  t o  a g a t e  is in t h e  l o w  (0) s t a t e ,  t h e  g a t e  
h a s  a n  e f f e c t i v e  r e s i s t a n c e  o f  h u n d r e d s  o f  m e g o h m s  to t h e  
s i g n a l .  W h e n  th e  c o n t r o l  l i n e  is h i g h (  +  5v), t h e  g a t e  
p r e s e n t s  a r e s i s t a n c e  o f  a b o u t  50 o h m s ,  c o n n e c t i n g  th e  
s i g n a l  to t h e  c o n v e r t e r .  T h e  t w o  g a t e  o u t p u t s  a r e  t i e d  
t o g e t h e r ,  a n d  t h e i r  c o n t r o l  i n p u t s  a r e  c o m p l e m e n t a r y ,  so 
t h a t  a t  a n y  g i v e n  t i m e  o n e  o f  t h e  t w o  i n p u t s  is c o n n e c t e d  
to t h e  c o n v e r t e r .

O p e r a t i o n  o f  t h e  c o n v e r t e r  is a u t o m a t i c ,  a s  d e s c r i b e d  b y  
the 7 1 0 9  d a t a  s h e e t .  W h e n  t h e  R U N / H O L D  l i n e  f r o m  t h e  M P U  t o  
t h e  c o n v e r t e r  is in t h e  R U N  c o n d i t i o n ,  t h e  a n a l o g  i n p u t  
c o n t r o l s  th e  g e n e r a t i o n  o f  a p a r a l l e l  1 2 - b i t  b i n a r y  
r e p r e s e n t a t i o n  o f  th e  i n p u t  q u a n t i t y ,  w i t h  a n  a d d i t i o n a l  
b i t  i n d i c a t i n g  t h e  p o l a r i t y  o f  t h e  i n p u t .  T h e  11 m o s t  
s i g n i f i c a n t  b i t s  a n d  t h e  p o l a r i t y  b i t  a r e  h a r d  w i r e d  to 
a p p r o p r i a t e  i n p u t s  o f  t h e  M PU.

C o n v e r s i o n  r e q u i r e s  a b o u t  30 m i l l i s e c o n d s ,  d e p e n d i n g  o n  t h e  
d a t a  v a l u e .  T o  p r e v e n t  d a t a  t r a n s f e r  t o  t h e  M P U  o c c u r i n g  
d u r i n g  th e  c o n v e r s i o n  ti m e ,  a S T A T U S  l i n e  f r o m  t h e  
c o n v e r t e r  is u s e d  a s  a s i g n a l  t o  i n d i c a t e  t o  th e  M P U  t h a t  
d a t a  is s t a b l e  a n d  a v a i l a b l e  a f t e r  e a c h  c o n v e r s i o n .  W h e n  
t h e  S T A T U S  l i n e  is h i g h ,  t h e  M P U  m a y  r e q u e s t  n e w  d a t a  
v a l u e s .  L i k e w i s e ,  a f t e r  t h e  M P U  h a s  p r o c e s s e d  a n  i n p u t  d a t a  
w o r d ,  it r a i s e s  t h e  R U N / H O L D  l i n e  to s i g n a l  t h e  c o n v e r t e r  
t h a t  a n e w  c o n v e r s i o n  m a y  b e g i n .  T h i s  e x c h a n g e  of c o n t r o l  
s i g n a l s  is c a l l e d  a " h a n d s h a k e "  p r o c e s s .

A f t e r  th e  M P U  h a s  p r o c e s s e d  a n  i n p u t  s a m p l e ,  it r e v e r s e s  
the s t a t e  o f  th e  m u l t i p l e x  c o n t r o l  l i n e  t o  t h e  a n a l o g  
g a t e s .  If th e  d a t a  s a m p l e  h a d  b e e n  Ta, t h e  n e x t  c o n d i t i o n  
o f  t h e  c o n t r o l  l i n e  w o u l d  b e  t o  e n a b l e  t h e  T d  g a t e ,  a n d  
v i c e  v e r s a .

3-7. D A T A  T R A N S M I S S I O N

I n  t h e  MPU, t h e  d a t a  w o r d s  T a  a n d  T d  a r e  t e m p o r a r i l y  s t o r e d  
a n d  f o r m a t t e d  i n t o  a l o w - s p e e d  s e r i a l  o u t p u t  t r a i n .  A  1 4 8 8  
l i n e  d r i v e r  a m p l i f i e r  is u s e d  t o  b u f f e r  t h e  M P U  o u t p u t  
s i g n a l  fo r  t r a n s m i s s i o n .  T r a n s m i s s i o n  is b y  w a y  o f  a 6 0 0  
B a u d  M a n c h e s t e r  c o d e ,  s u i t a b l e  f o r  c o n v e n t i o n a l  
t e l e p h o n e - g r a d e  c i r c u i t s .  T h e  d a t a  is o t h e r w i s e  u n c h a n g e d  
b y  t h e  t r a n s m i t t e r  d a t a  h a n d l i n g  c i r c u i t s .
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3-8. DATA RECEIVER
In the d i s p l a y  u n i t ,  t h e  s e r i a l  d a t a  s t r e a m  is b u f f e r e d  b y  
a t y p e  1 4 8 9  l i n e  a m p l i f i e r  a n d  f e d  d i r e c t l y  to t he s e r i a l  
i n p u t  d a t a  p o r t  o f  t h e  M P U .  A l t h o u g h  d a t a  f l o w s  
c o n t i n u o u s l y  i n t o  t h e  M P U  a t  a r a t e  o f  2 . 5  c o m p l e t e  f r a m e s  
p e r  s e c o n d ,  t h e  M P U  u s e s  t h e  i n p u t  d a t a  o n l y  o n c e  p e r  3 7 . 5  
s e c o n d s .  W h e n  t h e  M P U  b e g i n s  i t s  i n p u t  p r o c e s s ,  it e x a m i n e s  
th e  T a  a n d  T d  v a l u e s .  If Ta o r  T d  is m o r e  t h a n  2 deareejs 
d i f f e r e n t  f r o m  t h e  p r e s e n t l y  d i s p l a y e d  v a l u e ,  t h e  d a t ^  xs 
c o n s i d e r e d  t o  b e  f a u l t y ,  a n d  t h e  s a m p l e  is d i s c a r d e d ,  a n d  
th e  n e x t  s a m p l e  is t e s t e d .  T h i s  p r o c e s s  is r e p e a t e d  f or 
t h r e e  t r i a l s .  A t  t h e  f o u r t h  t r i a l ,  t h e  d a t a  is a c c e p t e d  
u n c o n d i t i o n a l l y .  T h i s  t e n d s  t o  s c r e e n  o u t  e r r o r s  w h i c h  m a y  
b e  c a u s e d  b y  m o m e n t a r y  s i g n a l  t r a n s i e n t s ,  or t r a n s m i s s i o n  
l i n e  f a u l t s .  T h e  d a t a  w h i c h  is a c c e p t e d  is s t o r e d  in t h e  
M P U  m e m o r y .  F i g u r e  3 - 4  i l l u s t r a t e s  t h e  f l o w  o f  d a t a  in t h e  
D i s p l a y  U n i t .

3-9. D A T A  P R O C E S S I N G

A l l  o f  t h e  d a t a  p r o c e s s i n g  d e s c r i b e d  s o  far h a s  s e r v e d  o n l y  
to e n a b l e  the t r a n s m i s s i o n  o f  t h e  r a w  d a t a ,  u n c h a n g e d ,  t o  
th e  r e c e i v i n g  d i s p l a y  u n i t .  B e f o r e  the T a  a n d  T d  v a l u e s  a r e  
d i s p l a y e d ,  c e r t a i n  m a n i p u l a t i o n s  a n d  c a l c u l a t i o n s  m u s t  b e  
m a d e .  T h e s e  a r e  a l l  p e r f o r m e d  b y  th e  M P U  in th e  d i s p l a y  
u n i  t .

T h e  r e c e i v e d  d a t a ,  a f t e r  t h e  i n p u t  s c r e e n i n g  for o b v i o u s  
e r r o r s ,  is s t o r e d  in m e m o r y .  T h i s  p r o c e s s  o c c u r s  a t
3 7 . 5 - s e c o n d  i n t e r v a l s .  M e m o r y  s p a c e  is r e s e r v e d  for 8 w h o l e  
s a m p l e s  o f  T a  a n d  Td, r e p r e s e n t i n g  5 m i n u t e s  o f  c l i m a t e  
c o n d i t i o n s .  T h e  8 s a m p l e  v a l u e s  a r e  a d d e d  a n d  d i v i d e d  b y  8 
t o  y i e l d  a 5 - m i n u t e  a v e r a g e  v a l u e  of T a  a n d  a 5 - m i n u t e  
a v e r a g e  o f  Td .  T h e  a v e r a g e  v a l u e s  a r e  u p d a t e d  a t  e a c h
3 7 . 5 - s e c o n d  i n p u t  s a m p l i n g  a n d  s t o r e d  in m e m o r y .

A t  e a c h  u p d a t i n g ,  t h e  v a l u e  o f  a v e r a g e  T a  is e x a m i n e d  a n d  
c o m p a r e d  a g a i n s t  a s t o r e d  m a x i m u m  a n d  m i n i m u m  v a l u e .  If t h e  
a v e r a g e  T a  is g r e a t e r  t h a n  T m a x  or l e s s  t h a n  T m i n ,  t h e  m a x  
or  rain v a l u e  is c h a n g e d  a c c o r d i n g l y .  T m a x  a n d  T m i n  a r e  
m a i n t a i n e d  c o n t i n u o u s l y ,  a n d  a r e  r e - s t a r t e d  o n l y  b y  w a y  of 

th e  m a n u a l  r e s e t  s w i t c h .
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3-10. DATA DISPLAY
T h e  f o u r  t e m p e r a t u r e  v a l u e s ,  A v e r a g e  Ta, A v e r a g e  Td, T a  m a x  
a n d  T a  min, a r e  c o n t i n u o u s l y  d i s p l a y e d  a s  d e c i m a l  n u m b e r s  
o n  t h e  f r o n t  p a n e l .  T o  p r e p a r e  th e  o u t p u t  d a t a  w o r d s  for 
d i s p l a y ,  th e  1 1 - b i t  b i n a r y  n u m b e r s  in s t o r a g e  m u s t  b e  
c o n v e r t e d  t o  B i n a r y - C o d e d - D e c i m a l  f o r m a t .  T h i s  is d o n e  b y  a 
s u b r o u t i n e  in t h e  M P U  p r o g r a m .  A l l  o f  t h e  o u t p u t  d a t a  a r e  
b r o u g h t  o u t  o f  t h e  M P U  o n  14 l i n e s ,  c o d e d  a s  t e n t h s ,  u n i t s ,  
tens, a n d  h u n d r e d s  o f  d e g r e e s  a n d  a p o l a r i t y  b i t .  D a t a  o n  
t h e  l i n e s  is m u l t i p l e x e d  t o  r e a d  o u t  Ta, Td, T m a x  a n d  T m i n  
in t h a t  o r d e r .  T h e  d a t a  l i n e s  a r e  d i s t r i b u t e d  t o  a l l  o f  t h e  
p a n e l  d i s p l a y s ,  a n d  a  u n i q u e  s t r o b e  i n p u t ,  ( S 1 - S 4 ) ,  is 
p r o v i d e d  t o  e a c h  d i s p l a y  s o  t h a t  e a c h  d i s p l a y  m a y  s a m p l e  
t h e  d a t a  l i n e s  a t  t h e  i n s t a n t  w h e n  th e  d a t a  is v a l i d  fo r  
t h a t  d i s p l a y .

T h e  i n d i v i d u a l  d i s p l a y  m o d u l e s ,  3 A 4 A 1  - 3 A 4 A 4 ,  o n  t h e  p a n e l  
c o n t a i n  s t o r a g e  l a t c h e s  t o  s a m p l e  a n d  s t o r e  t h e  d a t a  a s  it 
is s t r o b e d  in. T h e  l a t c h  m o d u l e s ,  t y p e  M C 1 4 5 1 1 ,  a l s o  
c o n t a i n  s e v e n - s e g m e n t  d e c o d e r - d r i v e r s  w h i c h  d i r e c t l y  d r i v e  
t h e  i n c a n d e s c e n t  s e g m e n t s  o f  t h e  d e c i m a l  d i s p l a y s .

D a t a  is d i s p l a y e d  in d e g r e e s  C e l s i u s  o r  in d e g r e e s  
F a h r e n h e i t ,  d e p e n d i n g  o n  t he l o g i c  s t a t e  (1 o r  0) of a 
c o n t r o l  l i n e  to t h e  m i c r o p r o c e s s o r .  T h i s  l i n e  m a y  b e  
s w i t c h e d  b y  w a y  o f  a f r o n t  p a n e l  c o n t r o l  for F or C 
s e l e c t i o n .

3-11



SECTION 4

SCHEDULED MAINTENANCE

4-1. INTRODUCTION

This section furnishes the technician with all information 
necessary to perform periodic maintenance that will keep 
the system operating properly. The system is designed in 
such a manner that scheduled maintenance actions consist 
mainly of routine housekeeping chores.

4-2. SCHEDULED MAINTENANCE ACTION INDEX

Period Maintenance Action Reference

Daily

Twiro monthly

Semi-annually

Operate Display Test 4-4. a
swi tches

Check Aspirator Unit 4-3. b
air passages

Chpck Aspirator Unit 4-3. b
mirror and cleaii i^
necessary

Optic Loop Adjustments 4-3. b
(Sensor Gain Adjustments)

Instrument Calibration 4-4. b

4-3. PREVENTIVE MAINTENANCE PROCEDURES

a. Safety Precautions

Operating personnel must at all times observe all safety 
regulat ions.
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b. A s p i r a t o r  U n i t  M a i n t e n a n c e

B e c a u s e  o f  t h e  c o n t i n u o u s  f l o w  o f  o u t s i d e  a i r  t h r o u g h  the 
A s p i r a t o r  U n i t ,  t h e  o p t i c  b r i d g e  m i r r o r  w i l l  g r a d u a l l y  
a c q u i r e  a f i l m  o f  c o n t a m i n a t i o n  w h i c h ,  if n o t  r e m o v e d ,  w i l l  
i m p a i r  p e r f o r m a n c e  o f  t h e  s y s t e m .  P e r i o d i c a l l y ,  t h e  m i r r o r  
s u r f a c e  m u s t  b e  e x a m i n e d  a n d  c l e a n e d .  T h i s  o p e r a t i o n  s h o u l d  
b e  p e r f o r m e d  a t  l e a s t  t w i c e  m o n t h l y  a t  f i r s t ,  t h e n  m o r e  o r  
l e s s  f r e q u e n t l y  a s  d e m a n d e d  b y  l o c a l  c l i m a t e  c o n d i t i o n s .  
A l s o ,  t h e  a i r  p a s s a g e s  o f  t h e  u n i t  m a y  a c c u m u l a t e  
o b s t r u c t i o n s  s u c h  a s  l e a v e s ,  i n s e c t s ,  a n d  d u s t ,  a n d  s h o u l d  
b e  w i p e d  o r  b l o w n  c l e a r  d u r i n g  t h e  m i r r o r  c l e a n i n g  

p r o c e d u r e .

T o  s e r v i c e  t h e  m i r r o r ,  t u r n  o f f  t h e  T r a n s m i t t e r  U n i t  m a i n  
p o w e r .  R e m o v e  t h e  s e n s o r  a s s e m b l y  f r o m  t h e  A s p i r a t o r  U n i t  
b y  r e m o v i n g  th e  c a p t i v e  s c r e w  o n  t h e  s i d e  o f  t h e  u n i t  ( Fig.
4 - 1 ) .  W i t h  t h e  s c r e w  r e m o v e d ,  t h e  e n t i r e  s e n s o r  a s s e m b l y  

s l i d e s  d o w n w a r d  o u t  o f  it s  s h i e l d .

N O T E

If t h e  s y s t e m  is e q u i p p e d  w i t h  a n  A u t o b a l a n c e  
u n i t ,  r e f e r  t o  A p p e n d i x  D  fo r  a d j u s t m e n t  p r o 
c e d u r e .  T h e  A u t o b a l a n c e  d i a l  m u s t  b e  s e t  t o  0 0 0  

b e f o r e  p r o c e e d i n g .

R e f e r r i n g  to F i g u r e  4-1 ,  e x a m i n e  th e  m i r r o r  s u r f a c e ,  w h i c h  
s h o u l d  b e  c l e a n  a n d  b r i g h t .  If a n y  d e g r e e  o f  d i r t  o r  f i l m  
is e v i d e n t ,  s p r a v  t h e  s u r f a c e  w i t h  a n  i n e r t  a e r o s o l  
c l e a n e r ,  s u c h  a s  F R E O N .  A l l o w  th e  m i r r o r  to a i r - d r y  a n d  
r e - e x a m i n e  to r  c o n t a m i n a t i o n .  If n e c e s s a r y ,  a p p l y  m o r e  
s o l v e n t  s p r a y .  O n l v  if a b s o l u t e l y  n e c e s s a r y  t o  r e m o v e  h e a v y  
c o n t a m i n a t i o n  s h o u l d  t-v>e s u r f a c e  o r  t h e  m i r r o r  w i p e d ,  it 
it is n e c e s s a r y ,  w i p e  tn e  s u r f a c e  l i g h t l y  w i t h  a c l e a n  
c o t t o n  s w a b  w e t t e d  w i t h  F R E O N .

R e p l a c e  t h e  s e n s o r  a s s e m b l y  in t h e  s h e l l  a n d  r e s t o r e  s y s t e m  

p o w e  r .

A f t e r  r e p l a c i n g  t h e  s e n s o r  a s s e m b l y  in t h e  A s p i r a t o r  s h e l l ,  
t h e  t e c h n i c i a n  m u s t  p e r f o r m  th e  o p t i c  l o o p  a d j u s t m e n t s  as 
f o l l o w s  ( R e f e r  t o  F i g u r e  4 -2, O p t i c  L o o p  A d j u s t m e n t s ) :

1. D i r e c t  S e n s o r  G a i n  A d j u s t m e n t

O p e n  T r a n s m i t t e r  U n i t  c o v e r .  S w i t c h  t h e  M o n i t o r  D i s p l a y  
S w i t c h  (SI) t o  t h e  T d  p o s i t i o n .  O b s e r v e  T d  o n  t h e  M o n i t o r  
D i s p l a y .  D e p r e s s  t h e  T E S T  s w i t c h  t o  t h e  H E A T  p o s i t i o n .  T d  

s h o u l d  i n c r e a s e  a t  a r a t e  o f  a b o u t  1 d e g r e e  p e r  s e c o n d .
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K e e p  th e  T E S T  s w i t c h  d e p r e s s e d  u n t i l  T d  is a t  l e a s t  20* 

a b o v e  Ta. A t  s o m e  p o i n t  d u r i n g  t h i s  i n c r e a s e ,  t h e  d i r e c t  
s e n s o r  (Sd) L E D  (CR5) s h o u l d  l i g h t .  R e l e a s e  T E S T  s w i t c h .  
T u r n  t h e  S d  G a i n  A d j u s t m e n t  (R21) c o u n t e r - c l o c k w i s e  u n t i l  
C R 5  is o f f .  T u r n  R 2 1  c l o c k w i s e  u n t i l  l i g h t  j u s t  i l l u m i n a t e s  
( t h r e s h o l d  l e v e l ).

2. I n d i r e c t  S e n s o r  G a i n  A d j u s t m e n t

W h e n  T E S T  s w i t c h  is r e l e a s e d ,  t h e  T d  i n d i c a t i o n  s h o u l d  
d e s c e n d  a t  a b o u t  l * p e r  s e c o n d .  A d j u s t  t he i n d i r e c t  s e n s o r  
(Si) G a i n  A d j u s t m e n t  ( R 2 2 )  c l o c k w i s e  u n t i l  t he Si L E D  ( CR9) 
c o m e s  on, t h e n  b a c k  o f f  u n t i l  t h e  L E D  j u s t  g o e s  o ut. N o t e  
t h a t  t h i s  a d j u s t m e n t  m u s t  b e  c o m p l e t e d  w h i l e  T d  is s t i l l  
a b o v e  Td, a s s u r i n g  t h a t  t h e  m i r r o r  is s t i l l  d r y .  R e c h e c k  
a n d  r e p e a t  if n e c e s s a r y .

A f t e r  t h e  s y s t e m  h a s  s t a b i l i z e d ,  th e  S i  L E D  (CR9) s h o u l d  b e  
on, t h e  L I M I T  L E D ' s  s h o u l d  b e  off, a n d  th e  S d  L E D  (CR5) 
s h o u l d  b e  o f f .

4-4. S C H E D U L E D  P E R F O R M A N C E  T E S T S

a. D i s p l a y  T e s t  S w i t c h  ( D i s p l a y  U n i t  F r o n t  P a n e l )

L e a v e  D i s p l a y  U n i t  on. D e p r e s s  t h e  D i s p l a y  T e s t  S w i t c h .  A l l  
l i g h t  s e g m e n t s  o f  t h e  f o u r  d i g i t a l  d i s p l a y s  (Td, Ta, T m a x ,  
a n d  T m i n )  s h o u l d  i n d i c a t e  - 1 8 8 . 8  a n d  t h e  E r r o r  L a m p  s h o u l d  
b l i n k .  If n o t ,  c o n s u l t  S e c t i o n  8, R e p a i r  N o t e s .

b. I n s t r u m e n t  C a l i b r a t i o n  ( T r a n s m i t t e r  U n i t )

W i t h  t r a n s m i t t e r  t u r n e d  on, t u r n  t h e  C a l i b r a t e  s w i t c h  to 0. 
O b s e r v e  M o n i t o r  T a  a n d  T d  r e a d i n g s .  A d j u s t  t h e  T A O  T r i m p o t  
( R14) a n d  t h e  T D O  T r i m p o t  (R 1 5 )  for a 3 2 . 0 + / - 0 . 2  i n d i c a t i o n  
o n  t h e  r e s p e c t i v e  d i s p l a y s .  T h i s  r e p r e s e n t s  0* C e l s i u s .

T u r n  th e  C a l i b r a t e  s w i t c h  t o  + 5 0 .  O b s e r v e  M o n i t o r  T a  a n d  T d  
r e a d i n g s .  A d j u s t  the T a +  T r i m p o t  (R16) a n d  T d +  T r i m p o t  
(R17) fo r  a 2 2 . 0 + / - 0 . 2  r e a d i n g ,  r e p r e s e n t i n g  + 5 0 *  C  (the 
h u n d r e d s  d i g i t  is n o t  a c t i v e  in t he M o n i t o r  d i s p l a y .  T u r n  
t he C a l i b r a t e  s w i t c h  b a c k  t o  0 a n d  v e r i f y  t h a t  T a  a n d  T d  
r e m a i n  a t  3 2 . 0 .

T u r n  t he C a l i b r a t e  s w i t c h  t o  - 5 0 .  V e r i f y  t h a t  t h e  d i s p l a y  
i n d i c a t e s  - 5 8  + / -  .5 f o r  T a  a n d  - 6 7 . 7  + / -  0 . 5  fo r  Td.
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SECTION 5
I N S T A L L A T I O N

5-1. I N T R O D U C T I O N

T h i s  s e c t i o n  s u p p l i e s  th e  i n s t a l l a t i o n  t e c h n i c i a n  or t e a m  
w i t h  a l l  i n f o r m a t i o n  n e e d e d  for i n s t a l l i n g  th e  1 0 6 3  
H y g r o t h e r m o m e t e r  S y s t e m .  I n c l u d e d  in t h i s  s e c t i o n  a r e  

i n s t a l l a t i o n  d r a w i n g s ,  s i t e  s e l e c t i o n  r e q u i r e m e n t s ,  p a c k i n g  
a n d  u n p a c k i n g  a n d  p r e s e r v a t i o n  i n s t r u c t i o n s ,  i n p u t  d a t a  
r e q u i r e m e n t s ,  a c t u a l  i n s t a l l a t i o n  p r o c e d u r e s ,  a n d  
i n s t a l l a t i o n  c h e c k o u t  p r o c e d u r e s .

5-2. I N S T A L L A T I O N  D R A W I N G S

T h e  f o l l o w i n g  d r a w i n g s  s h o u l d  b e  c o n s u l t e d  d u r i n g  t h e  
i n s t a l l a t i o n  p h a s e :

a. P i c t o r i a l  s y s t e m  d i a g r a m  ( F i g u r e  1-1)
b. M o u n t i n g  P l a n  ( F i g u r e  5 -1)
c. I n t e r c o n n e c t i n g  w i r i n g  & c a b l i n g  d i a g r a m  ( F i g u r e  

5-2)
d. S u m m a r y  l i s t  o f  a l l  i n s t a l l a t i o n  m a t e r i a l  

r e q u i r e m e n t s
e. I n p u t  & o u t p u t  r e f e r e n c e  d a t a

5-3. S I T E  I N F O R M A T I O N

a. A s p i r a t o r  a n d  T r a n s m i t t e r  U n i t s

T h e  A s p i r a t o r  U n i t  is m o u n t e d  a p p r o x i m a t e l y  5 ’ a b o v e  g r o u n d  
in a n y  l o c a t i o n  t h a t  c a n  p r o v i d e  u n o b s t r u c t e d  a i r  f l o w  
t h r o u g h  th e  s e n s o r  a s s e m b l y .  T h e  i d e a l  l o c a t i o n  is a s  far 
r e m o v e d  f r o m  s t a n d i n g  w a t e r  a n d  v e g e t a t i o n  a s  is p o s s i b l e  
d u e  to t h e i r  e f f e c t  o n  t h e  d e w  p o i n t  t e m p e r a t u r e .  It is 
a s s u m e d  t h a t  t h e  1 0 6 3  w i l l  b e  i n s t a l l e d  a t  e x i s t i n g  s t a t i o n  
s i t e s ,  w h i c h  a l r e a d y  h a v e  a c o n c r e t e  p a d  a n d  s t a n d p i p e  
( m o u n t i n g  p i p e ) .  T h e  1 0 6 3  m a y  b e  m o u n t e d  a t  s i t e s  w i t h  
t h r e a d e d  o r  u n t h r e a d e d  s t a n d p i p e s .  T h e  A s p i r a t o r  U n i t  is 
p h y s i c a l l y  a t t a c h e d  to t h e  T r a n s m i t t e r  U n i t  b y  s t r u t s  as 
s h o w n  in F i g u r e  5- 1  a n d  e l e c t r i c a l l y  c o n n e c t e d  b y  a  5' 
c a b l e .  T h e  c a b l e  h a s  b e e n  p r e - w i r e d  w i t h  a q u i c k - d i s c o n n e c t  
p l u g .  T h e  T r a n s m i t t e r  is e q u i p p e d  w i t h  a f l a n g e  for 
m o u n t i n g  t o  t h e  s t a n d p i p e .

b. D i s p l a y  U n i t

T h e  D i s p l a y  u n i t  is m o u n t e d  o n  s l i d e s  in a s t a n d a r d  19 i n c h  
e q u i p m e n t  c a b i n e t  a t  t h e  o p e r a t o r ' s  s t a t i o n .
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•FIELD INSTALLATION

ASPIRATOR 
UNIT I

TRANSMITTER 
UNIT 2

PHONE
LINE

120 VOLTS 
l$,60Hz\*. 
2 AMPS

120 VOLTS 
l$,60Hz 
2 AMPS

LIST OF CABLES

CABLE TYPE ACTIVE CONQ PI MATES WITH PI TYPE P2 TYPE
Wl M8774 14 ft SHLD. 2 JI MS3II6F-I6-26P N/A

W2 SJ-14 25GND TBI ♦f 6 LUGS N/A
W3 22GA.PR 2 3JI 9 IT -3 2 6 0 -I 6 LUGS

W4 17500 2&GND 3 J2 17300 N/A

NOTE: Wt IS FURNISHED WITH THE 1063 AS PART OF THE ASPIRATOR UNIT. INSTALLATION

FIGURE 5-2 
INTERCONNECTING CABLE DIAGRAM



T h i s  m a n u a l  is t he o n l y  r e f e r e n c e  m a n u a l  n e c e s s a r y  for 
i n s t a l l a t i o n  o f  th e  1063.

5-5. M A T E R I A L S  R E Q U I R E D  F O R  I N S T A L L A T I O N

T h e  f o l l o w i n g  m a t e r i a l s  a r e  n e e d e d  fo r  i n s t a l l a t i o n :

W i r i n g  & c a b l i n g  - A l l  p o w e r  i n p u t  a n d  c o m m u n i c a t i o n  w i r i n g  
m u s t  b e  f a b r i c a t e d  b y  t h e  i n s t a l l e r ,  w i t h  t he e x c e p t i o n  of 
th e  c o n t r o l  c a b l e  w h i c h  c o n n e c t s  th e  A s p i r a t o r  a n d  
T r a n s m i t t e r  U n i t s .  H o w e v e r ,  m a t i n g  c o n n e c t o r s  a r e  f u r n i s h e d  
w i t h  t h e  e q u i p m e n t .  T h e  m i n i m u m  r e c o m m e n d e d  w i r i n g  
s t a n d a r d s  a r e  a s  f o l l o w s :

5-4. REFERENCE PUBLICATIONS

1. T r a n s m i t t e r  U n i t :  A C  p o w e r :  2 - 1 8  A W G  w i t h  g r o u n d .
S i g n a l  o u t p u t :  22 A W G  t w i s t e d  p a i r .

2. D i s p l a y  U n i t :  A C  p o w e r :  2 - 1 8  A W G  w i t h  g r o u n d .
S i g n a l  i n p u t :  22 A W G  t w i s t e d  p a i r .

C o n n e c t i o n s  to the e n v i r o n m e n t - p r o o f  e n c l o s u r e  of the 
T r a n s m i t t e r  U n i t  a r e  m a d e  t h r o u g h  t h e  m o u n t i n g  p i p e  a t  the 

b o t t o m  o f  t h e  e n c l o s u r e .

5-6. U N P A C K I N G  A N D  R E P A C K I N G

T h e  1 0 6 3  s y s t e m  is r e a d y  f o r  i n s t a l l a t i o n  w h e n  r e m o v e d  f r o m  
the s h i p p i n g  c a r t o n s .  T h e  s h i p p i n g  c a r t o n s  a n d  p r o t e c t i v e  
c u s h i o n i n g  m a y  b e  s a v e d  fo r  r e p a c k i n g  as r e q u i r e d .

5-7. P O W E R  R E Q U I R E M E N T S

T h e  f o l l o w i n g  e l e c t r i c a l  i n p u t s  a r e  r e q u i r e d  for p r o p e r  
i n s t a l l a t i o n  a n d  o p e r a t i o n  o f  t h e  s y s t e m :

a. A s p i r a t o r  U n i t  - P o w e r  s u p p l i e d  b y  T r a n s m i t t e r  U n i t .

b. T r a n s m i t t e r  U n i t  - 1 2 0  v / 6 0  Hz, a p p r o x .  1 a m p e r e .

c. D i s p l a y  U n i t  - 1 2 0  V / 6 0  Hz, s i n g l e  p h a s e ,  a p p r o x .
1 a m p e r e .
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5-8. INSTALLATION PROCEDURES
a. A s p i r a t o r  U n i t

T h e  A s p i r a t o r  is s u p p o r t e d  b y  a n g l e  s t r u t s  a s  s h o w n  b y  the 
M o u n t i n g  P l a n ,  F i g u r e  5-1. T h e  A s p i r a t o r  is a t t a c h e d  to the 
T r a n s m i t t e r  p r i o r  to m o u n t i n g  o n  t h e  s t a n d p i p e .

b. T r a n s m i t t e r  U n i t

M o u n t  t h e  T r a n s m i t t e r  U n i t  a s  s h o w n  b y  F i g u r e  5-1. M a k e  A C  
p o w e r  a n d  c o m m u n i c a t i o n  l i n e  c o n n e c t i o n s  t h r o u g h  th e  
m o u n t i n g  p i p e  a t  the b o t t o m  o f  t h e  e n c l o s u r e  b e f o r e  
t i g h t e n i n g  f l a n g e  s c r e w s .  F i g u r e  5-2 i n d i c a t e s  a l l  
n e c e s s a r y  e l e c t r i c a l  c o n n e c t i o n s .  C o n n e c t  t he A s p i r a t o r  
U n i t  c a b l e  to r e c e p t a c l e  Jl.

c. D i s p l a y  U n i t

T h e  s i g n a l  i n p u t  a n d  A C  p o w e r  c a b l e s  m a y  b e  p l u g g e d  i n t o  
the r e a r  o f  t h e  D i s p l a y  U n i t  a f t e r  it is i n s t a l l e d  in the 
c a b i n e t .  T h e  u n i t  is i n s t a l l e d  b y  p l a c i n g  it o n  t he s l i d e  
r o l l e r s  a n d  p u s h i n g  it i n t o  t he c a b i n e t  u n t i l  th e  s l i d e  
a s s e m b l y  l o c k s .  T h e  c h a s s i s  a s s e m b l y  is r e t a i n e d  b y  f r o n t  
p a n e l  l o c k s .

5-9. I N S T A L L A T I O N  C H E C K O U T

T h e  f o l l o w i n g  i n s t a l l a t i o n  c h e c k o u t  p r o c e d u r e  is u s e d  to 
e n s u r e  a l l  u n i t s  h a v e  b e e n  p r o p e r l y  i n s t a l l e d  a n d  the 
s y s t e m  is w o r k i n g  r e l i a b l y .

5 - 9 . 1  P h a s e  1

I n s t a l l a t i o n  i n s p e c t i o n  a n d  p r e - p o w e r  p r o c e d u r e s .

V e r i f y  t h e  f o l l o w i n g :

a. T h a t  a l l  u n i t s  of t h e  s y s t e m  a r e  i n s t a l l e d  c o r r e c t l y  a n d  
t h a t  a l l  c a b l i n g  i n t e r c o n n e c t i o n s  c o n f o r m  t o  Fig. 5-2.

b. T h a t  t h e  C a l i b r a t i o n  s w i t c h  o n  t h e  T r a n s m i t t e r  U n i t  is 
in th e  O P E R  p o s i t i o n .

c. T h a t  a l l  t e s t  e q u i p m e n t  l i s t e d  in S e c t i o n  1 o f  the 
m a n u a l  is a v a i l a b l e  a t  t h e  s i t e ,  is o p e r a t i n g  
s a t i s f a c t o r i l y ,  a n d  h a s  b e e n  c a l i b r a t e d .
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d. T h a t  t h e r e  a r e  n o  o b s t r u c t i o n s  i m p e d i n g  a i r  f l o w  i n t o  
t h e  a s p i r a t o r .  N o r m a l  a i r  f l o w  is i n t o  the d o m e  a n d  

d o w n w a r d  t h r o u g h  t h e  A s p i r a t o r .

e. T h a t  t h e r e  is a c c e s s  t o  t h e  e q u i p m e n t  for m a i n t e n a n c e /  
e s p e c i a l l y  c l e a r a n c e  f or o p e n i n g  th e  c o v e r  d o o r  o n  the 

T r a n s m i t t e r  U n i t .

5 - 9 . 2  P h a s e  2

I n i t i a l  t u r n - o n  & p r e l i m i n a r y  te s t .

E n e r g i z e  t h e  T r a n s m i t t e r  U n i t  a n d  t he D i s p l a y  U n i t .  T h e  
M o n i t o r  I n d i c a t o r  i n s i d e  t h e  T r a n s m i t t e r  a n d  t h e  D i s p l a y  
U n i t  i n d i c a t o r s  s h o u l d  i l l u m i n a t e  i m m e d i a t e l y .  If the 
l i g h t s  d o  n o t  i l l u m i n a t e  or if t h e y  l i g h t  m o m e n t a r i l y  a n d  
go- o ut, c h e c k  th e  f u s e s  o n  b o t h  th e  T r a n s m i t t e r  a n d  th e  

D i s p l a y .

5 - 9 . 3  P h a s e  3

I n s t a l l a t i o n  v e r i f i c a t i o n  te s t .

D i s p l a y  U n i t  T e s t

a. T u r n  o f f  T r a n s m i t t e r  U n i t .  L e a v e  D i s p l a y  U n i t  on. 
D e p r e s s  t h e  D i s p l a y  T e s t  S w i t c h .  A l l  l i g h t  s e g m e n t s  o f  the 
f o u r  d i g i t a l  d i s p l a y s  (Td, Ta, T m a x ,  & T m i n )  s h o u l d  
i n d i c a t e  - 1 8 8 . 8  a n d  t h e  E r r o r  L i g h t  s h o u l d  f l a s h .

b. R o t a t e  the D i m m e r  C o n t r o l  a n d  v e r i f y  t h a t  t h e  d i s p l a y  
i n t e n s i t y  v a r i e s  f r o m  v e r y  d i m  to m a x i m u m  b r i g h t n e s s .

c. U s e  a v o l t m e t e r  to t e s t  i n t e r n a l  v o l t a g e  a t  t h e  5 V  T e s t  
P o i n t  ( 3 A 2 - 6 ) .  M e t e r  s h o u l d  i n d i c a t e  5 V  + / - . 5  V.

T r a n s m i t t e r  U n i t  T e s t

a. E n s u r e  t h a t  T r a n s m i t t e r  is OFF. R e m o v e  the a s p i r a t o r  
f r o m  i t s  s h e l l  a s  d e t a i l e d  in 4 - 3 .  E x a m i n e  t h e  m i r r o r  a n d  
c l e a n  if n e c e s s a r y  p e r  4 - 3 . b. R e p l a c e  a s p i r a t o r  in s h e l l .  
E n e r g i z e  T r a n s m i t t e r .  B y  l i s t e n i n g  to th e  a s p i r a t o r ,  v e r i f y  

t h a t  th e  f a n  is o p e r a t i n g .

b. A f t e r  2 - 3  m i n u t e s  s t a b i l i z a t i o n  t ime, m e a s u r e  th e  t h r e e  
m a i n  DC p o w e r  l e v e l s ,  + 5V, + 1 2 V ,  - 1 2 V ,  at t h e  a p p r o p r i a t e  
t e s t  p o i n t s .  T h e s e  a r e  2 A 3 - 1 0 ,  -6, a n d  - 1 2  r e s p e c t i v e l y .  
A l l  s h o u l d  b e  w i t h i n  + / - . 5  V  o f  t h e  n o m i n a l  v o l t a g e s .
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c. O p t i c  L o o p  A d j u s t m e n t s

N O T E :  If the u n i t  is e q u i p p e d  w i t h  th e  o p t i o n a l  
" A u t o b a l a n c e "  m o d u l e  ( 1 0 - t u r n  d i a l  n e x t  t o  t h e  H e a t / C o o l  
s w i t c h ) ,  t u r n  t he d i a l  c o u n t e r - c l o c k w i s e  to 000, t h e n  
p r o c e e d .

1. D i r e c t  S e n s o r  G a i n  A d j u s t m e n t

O b s e r v e  T a  a n d  T d  o n  t h e  m o n i t o r  d i s p l a y  in the 
t r a n s m i t t e r .  M o v e  th e  M o n i t o r  D i s p l a y  S w i t c h  to the T d  
p o s i t i o n .  P l a c e  t h e  T E S T  s w i t c h  in t h e  H E A T  p o s i t i o n .  T d  
s h o u l d  i n c r e a s e  at a r a t e  o f  a b o u t  1 d e g r e e  p e r  s e c o n d .  
K e e p  t h e  T E S T  s w i t c h  d e p r e s s e d  u n t i l  T d  is a b o u t  20* a b o v e  
Ta. A t  s o m e  p o i n t  d u r i n g  t h i s  i n c r e a s e ,  t h e  d i r e c t  s e n s o r  
(Sd) L E D  (CR5) s h o u l d  l i g h t .  R e l e a s e  t h e  T E S T  s w i t c h  a n d  
t u r n  t h e  S d  g a i n  t r i m p o t  ( R 2 1 )  c o u n t e r - c l o c k w i s e  u n t i l  the 
L E D  is off. T u r n  R 2 1  c l o c k w i s e  u n t i l  t h e  L E D  j u s t  
i l l u m i n a t e s  ( t h r e s h o l d  l e v e l ) .

2. I n d i r e c t  S e n s o r  G a i n  A d j u s t m e n t

A f t e r  T E S T  s w i t c h  is r e l e a s e d ,  a d j u s t  t h e  i n d i r e c t  s e n s o r  
(Si) g a i n  t r i m p o t  ( R 2 2 ) .  Si g a i n  m a y  b e  i n c r e a s e d  u n t i l  the 
Si L E D  (CR9) c o m e s  on, t h e n  c a r e f u l l y  d e c r e a s e d  u n t i l  the 
L E D  j u s t  g o e s  o ff. A f t e r  t h e  s y s t e m  s t a b i l i z e s  a t  d e w  
p o i n t ,  t h e  Si L E D  (CR9) w i l l  b e  on, a n d  t h e  S d  L E D  (CR5) 
s h o u l d  b e  o ff. N o t e  t h a t  S d  a n d  S i  g a i n  a d j u s t m e n t s  m u s t  b e  
f i n i s h e d  b e f o r e  th e  s y s t e m  h a s  c h i l l e d  t h e  m i r r o r  d o w n  to 
or b e l o w  t h e  d e w  p o i n t ,  t o  a s s u r e  t h a t  th e  a d j u s t m e n t s  a r e  
m a d e  in t he c l e a r  m i r r o r  c o n d i t i o n .

d. I n s t r u m e n t  C a l i b r a t i o n

N O T E :  T h e  m o n i t o r  d i s p l a y  o n  t h e  T r a n s m i t  L o g i c  c a r d  m a y  
r e a d  in d e g r e e s  F a h r e n h e i t  o r  C e l s i u s ,  d e p e n d i n g  o n  w h e t h e r  
t h e  F j u m p e r  n e a r  th e  t o p  e d g e  o f  t h e  c a r d  is i n s t a l l e d .  
If the j u m p e r  is i n s t a l l e d ,  t h e  0, - 5 0 ,  a n d  + 5 0  d e g r e e  
c a l i b r a t i o n  v a l u e s  a r e  - 5 8  Ta, - 6 7 . 7  Td, 32 a n d  22 (for 

122 ) .
W i t h  t r a n s m i t t e r  on, t u r n  t h e  C a l i b r a t e  S w i t c h  to 0. 
O b s e r v e  M o n i t o r  T a  a n d  T d  r e a d i n g s .  A d j u s t  t h e  T A 0  T r i m p o t  
(R35) a n d  t h e  T D 0  T r i m p o t  ( R 5 2 )  for a 0 + / -  0 . 1  d e g r e e  
i n d i c a t i o n  o n  the r e s p e c t i v e  d i s p l a y s .

T u r n  th e  C a l i b r a t e  S w i t c h  t o  + 5 0 .  O b s e r v e  M o n i t o r  T a  a n d  T d  
r e a d i n g s .  A d j u s t  th e  T a +  T r i m p o t  ( R 3 4 )  a n d  T d +  T r i m p o t  

(R51) for a 5 0 . 0  + / -  0 . 1  i n d i c a t i o n .  T u r n  t h e  C a l i b r a t i o n  
S w i t c h  b a c k  to 0 a n d  v e r i f y  t h a t  T a  a n d  T d  r e m a i n  a t  0.
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T u r n  the C a l i b r a t e  S w i t c h  to - 5 0 .  V e r i f y  t h a t  the M o n i t o r  
T a  d i s p l a y  s h o w s  - 5 0  + / -  0 .3, a n d  t h a t  t h e  M o n i t o r  T d  
d i s p l a y  s h o w s  - 5 5 . 4 .  T h e  d i s p l a y s  r e a d  d i f f e r e n t  v a l u e s  
b e c a u s e  T d  is c a l i b r a t e d  for d e w  p o i n t ,  n o t  f r o s t  p o i n t .

T u r n  the C a l i b r a t e  S w i t c h  to O P E R .  L e a v e  P o w e r  s w i t c h  on. 
C l o s e  t r a n s m i t t e r  u n i t  c o v e r .

T r a n s m i t t e r / D i s p l a y  T e s t s

T h e  f o l l o w i n g  t e s t s  r e q u i r e  o n e  t e c h n i c i a n  to m o n i t o r  the 
T r a n s m i t t e r  U n i t  a n d  o n e  t e c h n i c i a n  or o p e r a t o r  to m o n i t o r  
t h e  D i s p l a y  U n i t .

a. E r r o r  L i g h t  - W i t h  T r a n s m i t t e r  P o w e r  s w i t c h  r e m a i n i n g  
on, e n e r g i z e  th e  D i s p l a y  U n i t .  D i s c o n n e c t  i n p u t  s i g n a l  
c a b l e  (PI) o n  r e a r  o f  D i s p l a y  U n i t .  E r r o r  L i g h t  s h o u l d  
f l a s h  c o n t i n u o u s l y .  Ta, Td, T m a x ,  a n d  T m i n  r e a d i n g s  s h o u l d  
r e m a i n  the s a m e  a s  b e f o r e  d i s c o n n e c t i n g  Pi. R e - c o n n e c t  th e  
i n p u t  s i g n a l  c a b l e .  H o l d  t h e  T r a n s m i t t e r  T e s t  s w i t c h  in 
the H e a t  p o s i t i o n .  T h e  E r r o r  l i g h t  s h o u l d  f l a s h .  W h e n  the 
C a l i b r a t e  s w i t c h  is p l a c e d  in t h e  00, +50, or - 5 0  
p o s i t i o n s ,  t h e  E r r o r  L i g h t  s h o u l d  f l a s h  p e r i o d i c a l l y  u n t i l  
t h e  d i s p l a y e d  T a  a n d  T d  v a l u e s  a r e  w i t h i n  2 d e g r e e s  o f  the 
t e s t  v a l u e .  W i t h  th e  D i s p l a y  U n i t  r e a r  p a n e l  D a t a  T e s t  
s w i t c h  in the I N S T  p o s i t i o n ,  t h e  E r r o r  l i g h t  s h o u l d  f l a s h  
c o n t i n u o u s l y .

b. T m a x  a n d  T m i n  - W i t h  b o t h  u n i t s  o p e r a t i n g  a n d  
s t a b i l i z e d ,  r e s e t  T m a x  a n d  T m i n  b y  d e p r e s s i n g  the R E S E T  
s w i t c h  a n d  t h e  F A H R E N H E I T  d i s p l a y  s w i t c h  s i m u l t a n e o u s l y .  
T m a x  a n d  T m i n  s h o u l d  b o t h  i n d i c a t e  t h e  s a m e  a s  Ta, + /- 0.2. 
A t  the t r a n s m i t t e r ,  s e t  the C a l i b r a t e  s w i t c h  to + 5 0  a n d  
w a i t  s i x  m i n u t e s ,  t h e n  t u r n  t h e  C a l i b r a t e  s w i t c h  t o  - 5 0  a n d  
w a i t  s i x  m i n u t e s .  T u r n  t h e  C a l i b r a t e  s w i t c h  to O P E R A T E .  T h e  
T m a x  a n d  T m i n  d i s p l a y s  a t  the D i s p l a y  P a n e l  s h o u l d  i n d i c a t e  
+ 5 0  + / - 0 . 3  a n d  - 5 0  + / - 0 . 5  r e s p e c t i v e l y .  R e s e t  T m a x / T m i n .  
T h e  T m a x  a n d  T m i n  d i s p l a y s  s h o u l d  i n d i c a t e  the s a m e  as Ta, 
+ / -  0.2.



SECTION 6
F U N C T I O N A L  D I A G R A M S

G E N E R A L :

F u n c t i o n a l  s t r u c t u r e  o f  t h e  M o d e l  1 0 6 3  is d e s c r i b e d  b y  
t h e  f o l l o w i n g  d i a g r a m s .  O n  t h e  f i r s t  d i a g r a m ,  th e  
O v e r a l l  F u n c t i o n ,  o p e r a t i o n  o f  t h e  s y s t e m  is d e s c r i b e d  
in 5 i n t e r r e l a t e d  s e c t i o n s .  In th e  s u b s e q u e n t  
d i a g r a m s ,  e a c h  o f  t h e  f i v e  s e c t i o n s  is f u r t h e r  b r o k e n  
d o w n  fo r  a n a l y s i s .  N o t e  t h a t  t h e  g r o u p i n g s  d o  n o t  
r e p r e s e n t  p h y s i c a l  ( h a r d w a r e )  p a c k a g e s ,  b u t  a r e  
a r r a n g e d  to g i v e  a c l e a r  p i c t u r e  o f  t h e  f u n c t i o n a l  
r e l a t i o n s h i p  o f  a l l  o f  t h e  p a r t s  o f  t h e  s y s t e m .



OVERALL FUNCTION DIAGRAM KEYED TEXT

© S E N S I N G  F U N C T I O N

S e n s i n g  F u n c t i o n  c o n s i s t s  o f  a l l  c i r c u i t s  n e c e s s a r y  to 
p r o v i d e  a p a i r  o f  e l e c t r i c a l  s i g n a l s  ( r e s i s t a n c e  v a l u e s  R t a  
a n d  R t d )  w h i c h  r e p r e s e n t  A m b i e n t  T e m p e r a t u r e ,  Ta, a n d  D e w  
P o i n t  T e m p e r a t u r e ,  Td. C o m p o n e n t s  o f  th e  S e n s i n g  F u n c t i o n  
a r e  l o c a t e d  in t h e  A s p i r a t o r  U n i t  a n d  in t he T r a n s m i t t e r  
U n i t .  P h y s i c a l  m e a s u r e m e n t  o f  d e w  p o i n t  is m a d e  b y  w a y  o f  a 
c h i l l e d  m i r r o r  o p t i c a l  s y s t e m .

© A N A L O G  S I G N A L  C O N D I T I O N I N G

T h i s  f u n c t i o n a l  g r o u p  r e c e i v e s  the t w o  r e s i s t a n c e  v a l u e s  
r e p r e s e n t i n g  a m b i e n t  t e m p e r a t u r e  a n d  d e w p o i n t  t e m p e r a t u r e ,  
a n d  c o n v e r t s  t h e  v a l u e s  i n t o  a p a i r  o f  DC v o l t a g e  l e v e l s ,  
V t a  a n d  V t d ,  w h i c h  a r e  p r o p o r t i o n a l  to t h e  t w o  t e m p e r a t u r e s  
of i n t e r e s t .  I n c l u d e d  in t h e  s i g n a l  p a t h  is a c a l i b r a t o r  
w h i c h  p r o v i d e s  a c o n v e n i e n t  m e a n s  o f  c h e c k i n g  a n d  a d j u s t i n g  
t h e  c a l i b r a t i o n  o f  t h e  s y s t e m .  F o l l o w i n g  t he c o n v e r s i o n  to 
DC a n a l o g  s i g n a l s  is a m u l t i p l e x  g a t e  w h i c h  a l l o w s  t h e  t w o  
c h a n n e l s  o f  d a t a  to s h a r e  a s i n g l e  o u t p u t  l i n e  for d a t a  
t r a n s m i s s i o n .

© D A T A  T R A N S M I S S I O N

T h e  m u l t i p l e x e d  a n a l o g  r e p r e s e n t a t i o n  o f  a m b i e n t  
t e m p e r a t u r e  (Ta) a n d  d e w p o i n t  t e m p e r a t u r e  (Td) is p r o c e s s e d  
i n t o  a p a r a l l e l  b i n a r y  d i g i t a l  d a t a  f o r m a t ,  s t i l l  
m u l t i p l e x e d  a l t e r n a t e l y  a s  T a  a n d  Td. T h i s  d a t a  is 
p r e s e n t e d  to a p a r a l l e l  i n p u t  p o r t  o f  a d a t a  p r o c e s s o r  
w h i c h  p e r f o r m s  a l l  of t h e  n e c e s s a r y  s t o r a g e  a n d  f o r m a t t i n g  
to c o n v e r t  th e  d a t a  i n t o  a s e r i a l  s t r e a m  s u i t a b l e  for 
t r a n s m i s s i o n  o v e r  a t e l e p h o n e - q u a l i t y  l i n e .  T h e  d a t a  s t r e a m  
is t r a n s m i t t e d  a t  a 6 0 0  B a u d  r a t e ,  2 . 5  f r a m e s  o f  d a t a  p e r  
s e c o n d .  E a c h  f r a m e  o f  d a t a  t r a n s m i t s  T a  a n d  T d  v a l u e s .  F o r  
u s e  in s e r v i c i n g  th e  e q u i p m e n t ,  a d a t a  r e c e i v e r  a n d  n u m e r i c  
d a t a  d i s p l a y  a r e  i n c l u d e d  i n  t h e  d a t a  t r a n s m i t t e r  p a c k a g e .  
B y  s w i t c h  s e l e c t i o n ,  t h e  u s e r  m a y  s e l e c t  T a  o r  T d  p r e s e n t e d  
a s  a d e c i m a l  n u m e r i c  d i s p l a y .
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© DISPLAY FUNCTION
T h e  s e r i a l  d a t a  s t r e a m  is r e c e i v e d  f r o m  the d a t a  
t r a n s m i t t e r  a n d  c o n v e r t e d  i n t o  a p a r a l l e l  f o r m a t  s u i t a b l e  
for o u t p u t  d i s p l a y .  A l s o  i n c l u d e d  in t h e  D i s p l a y  F u n c t i o n  
a r e  a r i t h m e t i c  p r o c e s s e s  w h i c h  a v e r a g e  th e  T a  a n d  T d  d a t a ,  
a n d  m a i n t a i n  c u r r e n t  v a l u e s  o f  m a x i m u m  a n d  m i n i m u m  v a l u e s  
o f  Ta. Ta, Td, T m a x ,  a n d  T m i n  a r e  c o n t i n u o u s l y  d i s p l a y e d  
o n  t h e  f r o n t  p a n e l  o f  t h e  D i s p l a y  U n i t .  A l l  o f  t h e  d a t a  a r e  
a l s o  b u f f e r e d  a n d  b r o u g h t  t o  a r e a r  p a n e l  c o n n e c t o r .

T h e  P o w e r  D i s t r i b u t i o n  f u n c t i o n  i n c l u d e s  a l l  of t he 
n e c e s s a r y  c i r c u i t s  to p r o v i d e  a n d  d i s t r i b u t e  A C  a n d  DC 
p o w e r  l e v e l s  to the c o m p o n e n t s  o f  t h e  h y g r o t h e r m o m e t e r . 
U s i n g  i n d e p e n d e n t  115 v o l t ,  s i n g l e  p h a s e ,  6 0  H z  i n p u t s  at 
t he T r a n s m i t t e r  a n d  D i s p l a y  u n i t s ,  v o l t a g e s  a r e  d e v e l o p e d  
a n d  r e g u l a t e d  a s  r e q u i r e d .  I n p u t  to t h e  A s p i r a t o r ,  U n i t  1, 
is f u r n i s h e d  b y  c a b l e  f r o m  t h e  T r a n s m i t t e r ,  U n i t  2.

T h e  M o d e l  1 063 is d e s i g n e d  a s  a C e l s i u s  i n d i c a t i n g  
i n s t r u m e n t ,  w i t h  p r o v i s i o n  fo r  d i s p l a y i n g  F a h r e n h e i t  b y  
d e p r e s s i n g  a m o m e n t a r y  s w i t c h  o n  t h e  D i s p l a y  U n i t  p a n e l .  
S o m e  1 0 6 3  i n s t r u m e n t s ,  a s  a n  o p t i o n ,  r e a d  F a h r e n h e i t ,  a n d  
the s w i t c h  p r o v i d e s  a C e l s i u s  r e a d o u t .  T h e  o n l y  d i f f e r e n c e  
is th e  s e n s e  o f  t h e  s w i t c h  a n d  t h e  l e g e n d  o n  the f r o n t  
p a n e l .

N O T E
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1J O P T I C  B R I D G E

T h e  D e w  P o i n t  S e n s o r  a s s e m b l y ,  1A1, i n c l u d e s  t h e  s e n s i n g  
e l e m e n t s  fo r  b o t h  d e w  p o i n t  a n d  a m b i e n t  t e m p e r a t u r e  
m e a s u r e m e n t s .  D e w  p o i n t  m e a s u r e m e n t  is m a d e  b y  t h e  O p t i c  
B r i d g e  in t he A s p i r a t o r  U n i t ,  in w h i c h  a m i r r o r  s u r f a c e  is 
c o o l e d  a n d  h e l d  a t  e x a c t l y  t h e  t e m p e r a t u r e  a t  w h i c h  a f i n e  
f i l m  o f  c o n d e n s a t e  f o r m s  a n d  is m a i n t a i n e d .  T h e  O p t i c  
B r i d g e  i n c l u d e s  a t h e r m o e l e c t r i c  h e a t  p u m p ,  Ul, w h i c h  is 
e l e c t r i c a l l y  c o n t r o l l e d  b y  t h e  O p t i c  C o n t r o l  p o r t i o n  of t h e  
Transmi|t L o g i c  PC a s s e m b l y  in t h e  T r a n s m i t t e r  U n i t .  A  
p latinuta t e m p e r a t u r e  s e n s i n g  r e s i s t o r ,  R T2, in th e  m i r r o r  
b l o c k  a s s u m e s  a r e s i s t a n c e  v a l u e  e x a c t l y  p r o p o r t i o n a l  to 
t h e  m i r r o r  t e m p e r a t u r e .  T h i s  r e s i s t a n c e  v a l u e  is u s e d  a s  

t h e  b a s i s  f or th e  T d  d a t a  v a l u e .

T h e  O p t i c  B r i d g e  i n c l u d e s  a n  i n f r a - r e d  L E D ,  C R 1 ,  w h i c h  
i l l u m i n a t e s  a m i r r o r  b l o c k ,  a n d  t w o  p h o t o s e n s i t i v e  
t r a n s i s t o r s ,  Q l  a n d  Q2, w h i c h  s e n s e  the d i r e c t  a n d  s c a t t e r e d  
r e f l e c t i o n  f r o m  the m i r r o r .  W h e n  t h e  m i r r o r  is n o t  c o o l  
e n o u g h ,  th e  d i r e c t  r e f l e c t i o n  (Sd) is h i g h  a n d  t h e  i n d i r e c t  
r e f l e c t i o n  (Si) is l ow. If t h e  m i r r o r  s u r f a c e  is t o o  c o o l ,  
th e  o p p o s i t e  s i t u a t i o n  e x i s t s .  T h e  p h o t o t r a n s i s t o r  o u t p u t  
s i g n a l s ,  S d  a n d  Si, s e r v e  a s  i n p u t s  t o  th e  O p t i c  C o n t r o l  
s e c t i o n  of t h e  s e n s i n g  f u n c t i o n ,  w h i c h  m a i n t a i n s  b a l a n c e  
b e t w e e n  S d  a n d  Si, h o l d i n g  t h e  m i r r o r  a t  e x a c t l y  th e  
d e w p o i n t  t e m p e r a t u r e .  I n p u t  t o  t h e  b r i d g e  l a m p  is a 6 0  H z  
v o l t a g e ,  s o  t h a t  S d  a n d  Si a r e  A C  s i g n a l s .

2)  O P T I C  B R I D G E  C O N T R O L

I n  t h e  T r a n s m i t  L o g i c  P C  a s s e m b l y  o f  t h e  T r a n s m i t t e r  U n i t ,  
t h e  O p t i c  B r i d g e  C o n t r o l  s e c t i o n  r e c e i v e s  th e  D i r e c t  a n d  
I n d i r e c t  o p t i c a l  s i g n a l s ,  d e t e c t s  them, a n d  a m p l i f i e s  th e  
d i f f e r e n c e  b e t w e e n  t h e  a m p l i t u d e s  o f  t h e  S d  a n d  Si DC 
l e v e l s .  T h e  d i f f e r e n c e  s i g n a l ,  a m p l i f i e d  b y  U 6 B ,  is f e d  to 
th e  T h e r m o  P o w e r  a m p l i f i e r ,  Q l  a n d  Q 2  o f  t h e  A u x i l i a r y  
P o w e r  S u p p l y  in t he T r a n s m i t t e r  U n i t .  T h e  T h e r m o  P o w e r  
a m p l i f i e r  p r o d u c e s  a DC o u t p u t  v a r y i n g  b e t w e e n  + a n d  - 3 
v o l t s  DC t o  d r i v e  t h e  t h e r m o e l e c t r i c  h e a t  p u m p ,  Ul, in t h e  
O p t i c  B r i d g e  a s s e m b l y  in t h e  a s p i r a t o r .  T h e  p o l a r i t y  o f  t h e  
p o w e r  o u t p u t  p r o d u c e s  h e a t i n g  o r  c o o l i n g  o f  t h e  m i r r o r  to 
t e n d  to m a k e  th e  Si a n d  S d  s i g n a l s  e q u a l .
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F o r  u s e  in a d j u s t i n g  t he o p t i c  c o n t r o l  s y s t e m ,  L i g h t  
E m i t t i n g  D i o d e  C R 5  i n d i c a t e s  w h e n  the d i r e c t  l i g h t  s i g n a l ,  
Sd, is a t  i ts p r o p e r  l e v e l .  S d  a m p l i f i e r  g a i n  is a d j u s t e d  
to p r o d u c e  + 5  v o l t s  DC in t h e  c l e a r  m i r r o r  c o n d i t i o n .  W h e n  
the S d  l e v e l  is a t  + 5  v o l t s  DC or s l i g h t l y  h i g h e r ,  
t h r e s h o l d  a m p l i f i e r  U 5 B  s a t u r a t e s  p o s i t i v e ,  l i g h t i n g  C R 5 .

A l s o  f or u s e  in t e s t i n g  a n d  a d j u s t i n g  t h e  e q u i p m e n t ,  t h e

N o r m a l l y ,  w h e n  th e  o p t i c  c o n t r o l  l o o p  is f u n c t i o n i n g ,  
f e e d b a c k  a m p l i f i e r  U 6 B  m a i n t a i n s  a m o d e r a t e  o u t p u t  l e v e l ,  
p r o v i d i n g  t h e  n e c e s s a r y  DC l e v e l  to m a i n t a i n  th e  m i r r o r  a t  
the d e w  p o i n t  t e m p e r a t u r e .  I n  t h i s  n o r m a l  c o n d i t i o n ,  the 
v o l t a g e  a t  th e  i n p u t  n o d e  o f  U 6 B  is v i r t u a l l y  ze r o .  If th e  
l o o p  s h o u l d  f a i l  to m a i n t a i n  b a l a n c e  b e c a u s e  o f  m i r r o r  
c o n d i t i o n  or c o m p o n e n t  f a i l u r e ,  U 6 B  w i l l  a s s u m e  a s a t u r a t e d  
c o n d i t i o n ,  a n d  i t s  n o d e  v o l t a g e  w i l l  i n c r e a s e  to a 
r e l a t i v e l y  h i g h  v a l u e .  T h e  n o d e  v o l t a g e  is m o n i t o r e d  b y  
h i g h - g a i n  a m p l i f i e r  U 7 B ,  d r i v i n g  i n d i c a t o r  L E D ' s  C R 6  a n d  
C R 7 .  If t h e  U 6 B  n o d e  v o l t a g e  b e c o m e s  e x c e s s i v e  in the 
p o s i t i v e  or n e g a t i v e  d i r e c t i o n ,  o n e  o f  t h e  L E D ' s  w i l l  
i n d i c a t e  the a b n o r m a l  c o n d i t i o n .  T h e  o u t p u t  o f  U 7 B  is a l s o  
u s e d  a s  a n  e r r o r  i n p u t  t o  t h e  d a t a  t r a n s m i t t e r ,  so t h a t  th e  
m a l f u n c t i o n  c a n  b e  d i s p l a y e d  r e m o t e l y .

6^  T E M P E R A T U R E  S E N S I N G

T w o  i d e n t i c a l  p l a t i n u m  t e m p e r a t u r e  s e n s o r s ,  R T 1  a n d  RT2, 
a r e  l o c a t e d  in t h e  D e w  P o i n t  S e n s o r  a s s e m b l y .  R T 2  is 
m o u n t e d  in t h e  b o d y  o f  t h e  m i r r o r  a n d  a s s u m e s  th e  
t e m p e r a t u r e  of t he m i r r o r  w h i c h  is a t  the d e w  p o i n t .  R T 1  is 
m o u n t e d  d i r e c t l y  in th e  i n c o m i n g  a i r s t r e a m  o f  t h e  a s p i r a t o r  
a n d  a s s u m e s  the a m b i e n t  a i r  t e m p e r a t u r e .  T h e  r e s i s t a n c e  
v a l u e s  o f  R T 1  a n d  R T 2  a r e  e x a c t l y  p r o p o r t i o n a l  t o  t h e i r  
t e m p e r a t u r e s .  T h e s e  r e s i s t a n c e  v a l u e s  a r e  u s e d  a s  th e  b a s i s  
o f  m e a s u r e m e n t  o f  T a  a n d  Td.

t e c h n i c i a n  is p r o v i d e d  w i t h  a s w i t c h ,  b y  w h i c h  h e  c a n  
i n t r o d u c e  a DC u n b a l a n c e  in t h e  o p t i c  c o n t r o l  loop, c a u s i n g  
th e  m i r r o r  t o  h e a t  o r  t o  c o o l .
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(7) A S P I R A T I O N

F o r  the a m b i e n t  a n d  d e w  p o i n t  s e n s o r s  t o  f u n c t i o n  p r o p e r l y ,  
a n  a m p l e  s u p p l y  o f  a i r  m u s t  b e  f u r n i s h e d .  T h e  a s p i r a t o r  
fan, 1B1, p r o v i d e s  a s t r e a m  o f  a i r  fo r  th e  T a  s e n s o r  a n d  
for e x h a u s t i n g  t he h e a t  g e n e r a t e d  b y  t h e  t h e r m o e l e c t r i c  
c o o l e r .

T h r e s h o l d  a m p l i f i e r  U 2 1 B  d e t e c t s  w h e n  t h e  Si l e v e l  is a t  -3 
v o l t s  DC, l i g h t i n g  L E D  C R 9 . T h i s  is u s e d  a s  a n  a i d  in 
a d j u s t i n g  Si g a i n .

If a T d  or T a  t e m p e r a t u r e  v a l u e  g r e a t e r  t h a n  + 6 5  d e g r e e s  C 
is s e n s e d  b y  t he m i c r o p r o c e s s o r ,  t h e  o v e r h e a t  p r o t e c t  l i n e  
is r a i s e d  f r o m  i t s  n o r m a l  z e r o  l e v e l  t o  + 5  v o l t s  DC. T h i s  
s i g n a l ,  i n j e c t e d  to the n o d e  o f  t h e  d i f f e r e n t i a l  a m p l i f i e r ,  
p r o d u c e s  f ull c o o l i n g  e f f e c t .  P r e s e n c e  of the o v e r h e a t  
p r o t e c t  s i g n a l  c a n  i n d i c a t e  a r u n a w a y  T d  h e a t i n g  c o n d i t i o n ,  
d i r t y  m i r r o r ,  or c o m p o n e n t  f a i l u r e .

S o m e  i n s t a l l a t i o n s  a r e  e q u i p p e d  w i t h  a n  o p t i o n a l  
A u t o b a l a n c e  m o d u l e .  T h i s  m o d u l e  f e e d s  a DC b i a s  t o  th e  
O p t i c  B r i d g e  c o n t r o l  a m p l i f i e r  t o  c o m p e n s a t e  for t h e  e f f e c t  
of l o n g - t e r m  c o n t a m i n a t i o n  o f  t h e  m i r r o r .  T h e  A u t o b a l a n c e  
c i r c u i t  is d e s c r i b e d  in A p p e n d i x  D.

A U T O B A L A N C E  I N P U T
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ANALOG SIGNAL CONDITIONING FUNCTION KEYED TEXT
G E N E R A L

A n a l o g  S i g n a l  C o n d i t i o n i n g  r e c e i v e s  t h e  r e s i s t a n c e  v a l u e s  
r e p r e s e n t i n g  T a  a n d  T d  a n d  t r a n s f o r m s  t h o s e  v a l u e s  i n t o  a 
m u l t i p l e x e d  DC r e p r e s e n t a t i o n  o f  t h e  d a t a  v a l u e s ,  T a  a n d  
Td.

0  I N P U T  A M P L I F I E R S

O p e r a t i o n a l  a m p l i f i e r  U 9 A  is d r i v e n  b y  a p r e c i s e  6 . 2  v o l t  
DC r e f e r e n c e  t h r o u g h  i n p u t  r e s i s t o r  R20. T h e  d e w p d i n t  
s e n s o r  r e s i s t a n c e ,  R t d p ,  i s  u s e d  a s  t h e  f e e d b a c k  r e s i s t o r  
for U9A, m a k i n g  t h e  DC o u t p u t  o f  U 9 A  e x a c t l y  p r o p o r t i o n a l  
to R t d p ;  h e n c e ,  U 9 A  o u t p u t  v o l t a g e  is a n  e x a c t  m e a s u r e  of 
th e  d e w p o i n t  t e m p e r a t u r e .

O p e r a t i o n a l  a m p l i f i e r  U 8 A  p e r f o r m s  th e  s a m e  f u n c t i o n  in the 
a m b i e n t  t e m p e r a t u r e  c h a n n e l .

(2) S C A L I N G  A M P L I F I E R S

A m p l i f i e r  U 9 B  in t h e  d e w p o i n t  c h a n n e l  p r o v i d e s  g a i n  a n d  
e l i m i n a t e s  t he z e r o  o f f s e t  l e v e l ,  y i e l d i n g  a n  o u t p u t  a t  a 
m o r e  c o n v e n i e n t  l e v e l  for p r o c e s s i n g .  A t  t h e  o u t p u t  o f  U 9B, 
z e r o  v o l t a g e  r e p r e s e n t s  0 d e g r e e s  C e l s i u s  a n d  + / -  2 v o l t s  
DC r e p r e s e n t s  + / -  50 d e g r e e s .  A d j u s t m e n t s  a r e  p r o v i d e d  for 
a s m a l l  d e g r e e  o f  o f f s e t  t r i m m i n g  a t  z e r o  a n d  g a i n  t r i m m i n g  
a t  + 5 0  d e g r e e s .  T h e s e  a d j u s t m e n t s  a r e  n o r m a l l y  m a d e  in 
c o n j u n c t i o n  w i t h  t h e  u s e  o f  t h e  C a l i b r a t o r .

A m p l i f i e r  U 8 B  p e r f o r m s  i d e n t i c a l  s c a l i n g  a n d  o f f s e t  
c o r r e c t i o n  f u n c t i o n s  in t h e  a m b i e n t  c h a n n e l .

( T )  M U L T I P L E X E R

T h e  DC a n a l o g  v o l t a g e s ,  V d p  a n d  V a m b ,  a r e  e a c h  b r o u g h t  to 
t h e  i n p u t  o f  a p a i r  o f  g a t e s ,  U 1 0 A  a n d  U 1 0 B .  T h e s e  g a t e s ,  
w h e n  d i s a b l e d ,  p r e s e n t  a s e r i e s  r e s i s t a n c e  o n  t h e  o r d e r  of 
1 0 0  m e g o h m s ,  a n d  w h e n  e n a b l e d  p r e s e n t  a b o u t  50 o h m s  to the 
s i g n a l  p a t h .  T h e  V d p  a n d  V a m b  g a t e s  a r e  a l t e r n a t e l y  
s w i t c h e d  o n  a n d  o f f  b y  a c o n t r o l  i n p u t  f r o m  t h e  d a t a  
t r a n s m i t t e r  a t  a r a t e  o f  5 c y c l e s  p e r  s e c o n d .  T h e  g a t e s ,  
t h e i r  o u t p u t s  t i e d  t o g e t h e r ,  a l t e r n a t e l y  c o n n e c t  V d p  a n d  
V a m b  t o  t h e  o u t p u t  l i n e .
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© V O L T A G E  R E F E R E N C E

A  s t a b l e  Z e n e r  r e f e r e n c e  d i o d e ,  V R l ,  p r o v i d e s  a n  i n p u t  to 
v o l t a g e - f o l l o w e r  a m p l i f i e r  U 7 A .  T h i s  6 . 2  v o l t  r e f e r e n c e  is 
u s e d  b y  t h e  d a t a  a m p l i f i e r s  a n d  a l s o  a s  a r e f e r e n c e  in th e  
d a t a  t r a n s m i t t e r .

F o r  u s e  in c h e c k i n g  o p e r a t i o n  o f  t h e  s y s t e m  a n d  a l s o  a s  a n  
i n t e r n a l  c a l i b r a t i o n  s t a n d a r d ,  t h e  C a l i b r a t o r  s w i t c h  2 A 2 S 1  
p e r m i t s  t h e  o p e r a t o r  to s u b s t i t u t e  p r e c i s i o n  f i x e d  
r e s i s t o r s  in p l a c e  o f  t h e  a m b i e n t  a n d  d e w p o i n t  t e m p e r a t u r e  
s e n s o r s .  T h r e e  s t a n d a r d  r e s i s t o r  v a l u e s  a r e  i n c l u d e d  in 
e a c h  c h a n n e l ,  p r o v i d i n g  s i m u l a t e d  i n p u t s  a t  z e r o  a n d  + / -  50 
d e g r e e s  C e l s i u s .
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DATA TRANSMISSION FUNCTION KEYED TEXT
GENERAL
Data Transmission receives multiplexed Vamb and Vdp DC 
analog signals from Analog Signal Condtioning and converts 
the data to a serial digital stream suitable for 
transmission to the remote display unit.

A single-chip analog-to-digital converter, U2, converts the 
input Ta/Td signal to a parallel straight binary output 
data bus. On the bus are 12 data bits and a sign bit. The 
converter is fully automatic, working in synchronism with 
the Data Processor. The output data bus handles the 
parallel Ta and Td data alternately.

D  DATA PROCESSOR

A single-chip microprocessor, type 68701, performs all of 
the timing and control functions of clocking the A/D 
converter through its cycle, and takes in the parallel 
binary data from the A/D converter. Under control of its 
resident program, the processor formats the data into a 600 
Baud serial data stream. The processor also receives an 
Error indicator bit and includes it in the output format. 
The output serial signal is brought through a line driver, 
Ull, to the transmitter output terminal.

Synchronism between the A/D converter and the data 
processor is controlled by "handshake" lines. A Status line 
from the A/D indicates to the processor when conversion is 
in process, and an output line from the processor to the 
Run/Hold input of the A/D signals the A/D that the 
processor is ready to receive new data.

D ERROR BIT CONTROL

The Limit sensing circuit in the Optic Control circuit, 
normally a zero level, is summed with the +5 and -5 volt DC 
supply levels. Under normal conditions, the summation 
voltage is zero, or very close to zero. In the event of a 
failure in the optic control, or if a power supply line 
should fail, an unbalance will e x i s t ,positive or negative, 
in the summation level. The unbalance is amplified by U3A 
and U 3 B . Whether the unbalance is positive or negative, the 
result will be a positive output of the OR circuit of CR3 
and C R 4 . This positive level is brought to an input of the 
Data Processor as the Error bit input.
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Also, internal to the microprocessor, the digitized values 
of Ta and Td are checked continuously. If either value 
exceeds +65 degrees C, the Error flag is set, indicating 
the presence of an overheat condition or a component 
failure.

Built in as a part of the Transmit Logic PC assembly is a 
data receiver which serves as an aid in servicing the 
system. This circuit, the Monitor Display, contains all of 
the elements of a data display system, operating 
independently of the transmitter circuits. The transmitter 
output is connected through a line receiver amplifier, U16, 
into a separate Type 68701 microprocessor, U15, programmed 
to convert the data stream into parallel Binary Coded 
Decimal form suitable to drive numeric digital displays. A 
three-digit display is mounted on the Transmit Logic PC 
assembly, and reads out the current value of Ta or Td, 
selected by a toggle switch, SI, on the card. The Monitor 
microprocessor shares the common 2.458 Mhz clock which 
serves the A/D converter and the transmitter data 
processor.

MONITOR DISPLAY
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GENERAL
The Data Display Function is the output portion of the 
system. It receives the transmitted serial binary 
multiplexed Ta and Td data stream and converts the data 
into format suitable for panel display. Arithmetic 
manipulations are performed on the data, including 5-minute 
averaging of Ta and Td, and recording maximum and minimum 
Ta. Data quality checks are performed, and the four data 
outputs, Ta, Td, Tmax, Train, are displayed on the front

©
pa n e l .

DATA PROCESSOR

A Type 68701 single-chip microprocessor performs virtually 
all of the timing and logical functions of the receiver. 
Data is brought through a line receiver amplifier to the 
serial input port of the processor. Under control of the 
resident program, the processor gathers, computes, and 
stores the pertinent data. Output from the processor is on 
a 13-bit parallel bus which is time-multiplexed to Ta, Td, 
Tmax, and Tmin. As each of the data words is on the bus, a 
unique strobe pulse is generated, one for each of the four 
outputs. The data bus and the pertinent strobe are 
connected to each of the output display subassemblies on 
the panel. Output data is normally presented in degrees 
C e l s i u s .

© NUMERIC DISPLAY

The Display assembly, 3A4, located behind the Display Unit 
front panel contains four identical 4-digit numeric plug-in 
display modules, for Ta, Tdp, Tmax, and Tmin. Each module 
consists of 5 latch/decoder/driver I C ' s and four incan
descent decimal display elements. The drivers are connected 
to the common data bus, and are sampled by strobe lines, 
S1-S4. Each strobe line controls one of the four displays. 
Once each 37.5 seconds, all four display modules are 
updated.

© ERROR INDICATION

When the error flag bit is received from the transmitter, 
or when certain other error conditions are detected by the 
receive logic, the Error output level goes high. This turns 
on a 2 pulse-per-second multivibrator, U2B,which flashes an 
Error LED indicator on the front panel.
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4 ) DISPLAY BRIGHTNESS CONTROL
Built into each of the latch/decoder/drivers in the display 
modules is a blanking input. The blanking control line is 
driven by 100 pulse-per-second multivibrator U2A through 
one-shot U3 with controllable output pulse width. When the 
blanking line is up, the displays operate at full 
intensity; when the line is at zero, the displays are off. 
The positive pulse width of the blanking control line is 
controlled by the Display Dimmer control on the front 
panel, so that the average voltage on the pulsed line 
governs the apparent intensity of the displays.

(T) FAHRENHEIT DISPLAY SELECTOR

The system output display is normally in degrees Celsius. 
At any time the operator may select Fahrenheit display by 
depressing the Fahrenheit Display pushbutton on the front 
panel. The button is momentary-action, so that the displays 
automatically revert to Celsius when the button is 
released. All four of the displayed values, Ta, Td, Tmax, 
Tmin, are affected by the Fahrenheit display selection. The 
conversion to Fahrenheit is controlled by software resident 
in the processor. The output BCD data is also affected by 
the Fahrenheit Display selector.

(T) MAX/MIN RESET

The Tmax and Tmin displays may be reset to the present 
value by depressing the momentary Reset switch. To guard 
against accidental resetting, the Reset switch is connected 
in series with a pole of the Fahrenheit switch, so that 
both the Fahrenheit and the Reset switch must be pushed 
simultaneously to reset the Max/Min display.(7) DISPLAY TEST SWITCH

As a test of all the segments of the displays, depressing 
the momentary Display Test Switch causes all of the 
displays to indicate -188.8 degrees. In Display Test, the 
Error indicator is also caused to flash.

In the event of a momentary or prolonged power failure, the 
critical part of the data processor memory remains active, 
powered by a small battery located on the Receive Logic PC 
assembly. This battery is trickle-charged during normal 
operation, and has enough capacity to protect the memory 
for approximately 10 hours. Memory protection retains Tmax, 
Tmin, and the averaged values of Ta and Td.

6-16



9 OUTPUT DATA BUS
The multiplexed BCD data bus, which includes Ta, Td, Tmax, 
and Tmin data in sequence is buffered and brought to J3 on 
the rear panel of the Display Unit. Also brought out for 
external use are the data strobe lines, S1-S4, the Error 
bit, the +5 volt DC supply line, common line, and the 
Fahrenheit/Celsius select status.

Q1 and Q2, with their associated circuitry, form a 
level-sensitive one-shot multivibrator. If the +5 volt DC 
line drops below 4 volts, when power is removed or is about 
to fail, the circuit holds U1 pin 6 low, resetting the 
computer in an orderly manner. This reset does not affect 
the stored, protected data. Display Test also triggers the 
Reset circuit.

Toggle switch S5, mounted on the rear panel of the display 
unit, permits the operator or technician to operate the 
display unit in the Monitor mode. The switch positions are 
labeled INST (Instantaneous) and AVERAGING. Normally, the 
averaging mode is used. When the switch is in the INST 
position, Ta and Td data values are displayed immediately 
as received, and are not subjected to the 5-minute 
averaging program. Also, in this mode, the Tmax and Tmin 
displays are not operative. Since the instantaneous mode is 
for test purposes only, and should never be used in normal 
operation, the error light is flashed at all times when the 
test switch is in the INST position.

AUTO RESET

DATA TEST SWITCH

6-17



I
H*
00



POWER DISTRIBUTION FUNCTION KEYED TEXT

V TRANSMITTER POWER

All power for the Aspirator, Unit 1, and the Transmitter, 
Unit 2, is derived from a single-phase 115 volt, 60 Hz 
input line into the transmitter enclosure. The Aspirator 
receives its power from the transmitter by way of an 
interconnecting cable.

The transmitter includes a regulated +5 volt DC logic power 
supply, 2A3, and the Auxiliary Power Supply, 2A4. The 
Auxiliary Power Supply includes a DC-to-DC converter, 
2A4A1, which converts +5 volts to regulated + and - 12 
volts DC for the analog amplifiers. Also included in the 
Auxiliary Power Supply are power transformer T1 and the + 
and - 3 volt rectifiers which provide unregulated DC power 
for the thermo power amplifier. T1 also furnishes 5 volts 
AC excitation for the Optic Bridge illuminator LED.

D  DISPLAY POWER

A  separate 115 volt input line provides power to the remote 
display unit. The display unit includes a +5 volt DC 
regulated supply, identical to that used in the transmitter, 
and a +6 volt unregulated DC supply which provides power for 
the numeric displays. The +6 volt supply also furnishes an 
unregulated +9 volt line which supplies charging current for 
the display standby battery.

6-19



VI M7. '»0\

POWER DISTRIBUTION 
FUNCTION



SECTION 7

SCHEMATIC DIAGRAMS

In this section, schematic diagrams of all component 
subassemblies are given, with an analysis of each circuit 
section. Wiring diagrams of the three major units of the 
system are also included in this section.
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ASPIRATOR UNIT KEYED TEXT

The Aspirator Unit is co-located outdoors with the 
Transmitter Unit, and receives its power from the 
Transmitter. Sampling of the ambient and dewpoint 
temperatures is controlled b y  the Aspirator.

(T) C-SEN-1

The Dew Point Sensor assembly is a line-replaceable unit, 
containing all of the sensing elements for dew point and 
ambient temperature measurement. It is physically 
constructed on a printed circuit board, connected by plug 
to the aspirator wiring. Inputs to the sensor are lamp 
power and thermoelectric drive power. Outputs consist of 
two resistance values, representing ambient temperature 
(Ta) and dew point temperature (Tdp), and two optic sensor 
output signals, Si and Sd, for controlling the mirror 
temperature.

(T) M-FAN-1

An axial blower, Bl, supplies air flow through the 
aspirator unit to provide for atmospheric sampling and also 
to furnish cooling air for the thermoelectric element heat 
sink in the Dew Point Sensor assembly.

GENERAL
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TRANSMITTER UNIT KEYED TEXT

GENERAL
The Transmitter Unit is co-located outdoors with the 
Aspirator Unit. Input to the Transmitter unit is 115 Volts 
AC. Output is a serial data stream to the remote Display 
Unit. A  short interconnecting cable to the Aspirator 
connects aspirator power and signals.

A packaged filter assembly provides isolation against power 
line interference in both directions, and protection 
against short (microseconds) voltage transients.

Power switch SI and fuse X/Fl (2 amperes) control the AC 
input to the Transmitter and Aspirator Units. The fuse is 
accessible when the Transmitter door is open.

The 5 volt DC power supply provides regulated +5 volts DC. 
It is rated at a load of 1.5 amperes.

The Auxiliary Power Supply assembly, a line-replaceable 
unit, contains a DC-to-DC converter which receives +5 volts 
DC and converts to + and - 12 volts DC. The Auxiliary Power 
Supply also houses the power amplifier which drives the 
thermoelectric heater/cooler in the dew point sensor. The + 
and - 12 volt outputs are each rated at 0.1 ampere.

@  N-CAL-1

The Calibrator is an assembly of precision resistors and a 
double-pole four-position switch. It substitutes fixed 
resistance values in place of the resistive temperature 
sensors for checking accuracy of the instrument circuits.
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C—L O G - 1

The Transmit Logic assembly is a plug-in printed circuit 
assembly which contains all of the logic and control 
circuits necessary for controlling temperature sensing, 
data formatting and data transmission. The output of the 
Transmit logic is connected directly to the output 
transmission line. Also included in the assembly is a 
numeric display monitoring the transmitted data.

(T) S-SW-1

S2, a momentary toggle switch, enables a technician to 
force the dew point mirror to a high or low temperature for 
testing purposes. When the switch is released, it assumes 
the normal operating position, and control of the mirror 
temperature returns to the automatic system.

All connections, signal and power, to the optional 
Autobalance module are made by way of J2. See Appendix D 
for Autobalance circuit details.
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DISPLAY UNIT KEYED TEXT
GENERAL

The Display Unit is designed for indoor installation at the 
operator's working location. It receives a serial data 
transmission from the Transmitter/Aspirator via phone line, 
and presents numeric front panel displays of Ambient Temp, 
Dew Point Temp, Tmax and Tmin. Certain arithmetic functions 
are performed on the data before the data is displayed. The 
Display Unit also controls an output BCD data bus which may 
be used for external data processes.

A packaged line filter, physically a part of the AC input

interference and short (microseconds) duration transients.

Main power switch SI and the 2 ampere line fuse X/Fl 
control input AC power. Both are located on the rear panel 
of the unit.

The Display Power Supply furnishes regulated +6 volts DC as 
main power to the display modules on the front panel. The 
supply is rated at 4 amperes output. A separate output, .9 
volts DC unregulated, furnishes battery charging power to 
the memory protection battery in the Receive Logic 
a sse m b l y .

(4) C-PWR-3

A 5 volt DC regulated power supply furnishes logic power 
where needed in the Display Unit. This power supply is 
identical to and interchangeable with the 5 volt DC supply 
used in the Transmitter Unit.

@  C-LOG-1

The Receive Logic assembly, a plug-in printed circuit card, 
contains all of the logic circuitry which controls the 
Display Unit.

connector J2, provides isolation against power line
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The Display subassembly consists of a "motherboard" with 4 
identical numeric display modules plugged into sockets. The 
subassembly is located just behind the front panel. A 
common BCD display data bus is connected among the display 
modules, multiplexing data for the four displayed values. A 
unique strobe line is connected to each of the four 
modules, so that each module reads the data only when its 
own data value is on the bus.

The Data Test switch, S5, is located on the rear panel, and 
is used only for test purposes. When the switch is in the 
INST (instantaneous) position, Ta and Tdp values are 
displayed as received from the transmitter. When the switch 
is the normal AVERAGE position, the data values are 
averaged and screened for errors before they are displayed. 
In the INST mode, the Tmax and Tmin displays are not 
updated.

(?) S-SW-2

53, the Max/Min Reset switch, when depressed momentarily, 
resets the Tmax and Tmin displays to the present value of 
Ta. To guard against accidental operation of reset, the 
switch is connected in series with a pole of the Fahrenheit 
display switch, S2, requiring that the Fahrenheit switch 
must be pressed simultaneously with the Reset switch.

(jT) S-SW-3

54, the Display Test switch, when depressed, causes all 
numeric displays to read -188.8 to verify that all segments 
of the displays are functioning. This action also causes 
the Error indicator to flash.

©  S-SW-4

When S 2 , the Fahrenheit Display switch is depressed, all 
four data displays read out in degrees Fahrenheit, instead 
of Celsius. The output BCD data is also presented in 
degrees Fahrenheit.

(n) R-RES-1

Potentiometer Rl, Display Dimmer, controls brightness of 
the numeric displays.

7-8



(G) X-DIS-1
D S 1, Error Indicator, indicates the presence of various 
error conditions which may be detected in the data. In the 
case of a sustained error condition, DS1 flashes at a rate 
of about 2 pulses per second. DS1 also flashes constantly 
when the test switch, S-SW-1, is in the Instantaneous 
position.

(1 3) B-BUS-1

Mounted on the rear panel is a 25-pin D-style connector 
which brings out the BCD multiplexed data bus, all strobe 
lines, the Error bit, a +5 volt DC and common line and a 
Celsius/Fahrenheit select status line. The output lines are 
buffered for loading by external equipment, and to prevent 
external shorts from ffecting the internally distributed 
d a t a .
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AUXILIARY POWER SUPPLY KEYED TEXT

GENERAL
The Auxiliary Power Supply is a line replaceable unit, 
plug-connected inside the Transmitter Unit. It includes a 
+5 volt to +/- 12 volt DC converter, and a power amplifier 
for the mirror h e a t e r / c o o l e r .

Transformer Tl, C R 1 - C R 2 , and C1-C2 are connected as a 
full-wave -5 volt DC unregulated power supply. This -5 volt 
DC level serves as the power source for mirror cooling.

CR3 is a half-wave rectifier providing unfiltered +DC power 
for mirror heating. The power is pulsating IX! with a peak 
level of approximately +7 volts.

Power transistors Q1 and Q2 form a complementary PNP-NPN 
power amplifier furnishing DC current as required by the 
mirror heater/cooler element. Each of the transistors is a 
Darlington type, so that a very high current gain is 
obtained, matching the extremely low resistance of the 
thermoelectric module. The PNP transistor, Ql, controls 
negative output for cooling, and the NPN transistor, Q2, 
controls positive output for heating. Voltage gain of the 
amplifier is about 0.6.

(T) C-OSC-1

Ql, Q2, and toroidal transformer Tl, are connected as a 
square-wave oscillator operating at approximately 10 KHz. 
This circuit uses +5 volts DC input and produces a 36 volt 
square wave output.

CR1-CR4 form a full-wave bridge rectifier, yielding + and - 
18 volts DC. The outputs are filtered by C2 and C3.
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(*T) I-REG-1
VRl receives +18 volts and provides a regulated +12 volt DC 
output, filtered by C5.

0  I-REG-2

VR2 receives -18 volts and provides a regulated -12 volt DC 
output, filtered b y  C4.

(8^  X-LIM-1

Surge limiters SLl and SL2 protect the system against short 
(microseconds) duration line transients. SLl absorbs 
transients between the lines; SL2 absorbs transients from 
line to ground.
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NUMERIC DISPLAY KEYED TEXT

The Numeric Display module is a plug-in printed circuit 
assembly which decodes a 13-bit parallel BCD data bus and 
presents a 3 1/2 digit decimal numeric display. In addition 
to decoding, driving and displaying the data value, the 
card includes +/- indication, data storage, and blanking.

(T) C-DIS-1

The digital display elements are Type FFD-41 incandescent 
7-segment units. They are plug-in replaceable. Bar segments 
are physically arranged as shown by the segment plan. Each 
segment is driven by an individual logic line at a level of 
0 or +6 volts DC, from its decoder-driver output. U4 is 
located at the right-hand side of the array, indicating 
tenths of a degree.

(T) C-DIS-2

U3 operates identically to U4, described above, and it 
indicates units. The decimal point input, pin 8, is 
permanently connected to +6 volts, fixing the decimal point 
permanently at the right side of the units display.

@  C-DIS-3

U2 operates identically to U4, indicating tens.

(T) C-DIS-4

On U5, the hundreds digit, only the segments necessary for 
displaying a "1" and a are connected. When elements b
and c are energized, a "1" is displayed, representing 100, 
and when element g is lit, the center bar is lit, 
indicating the negative sign. In its application in the 
1063, data values never exceed 199, so that the other 
conditions of the hundreds digit need not be activated.

(T) I-DEC-1

A  Motorola 14511 CMOS latch/decoder/driver IC is used to 
drive the displays. U9 BCD inputs, pins 7, 1, 2, and 6 are 
connected to the data bus tenths data lines. Pin 5 is the 
latch enable, or strobe input.

GENERAL
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When the strobe line, normally at high level, goes to 0 
momentarily and is returned to 1, the values on the data 
lines at the time of the transition trailing edge are 
stored in the latches of the 14511. The latch outputs are 
internally connected to 7-bar encoders which drive the 
appropriate outputs to the display.

A  blanking input, pin 4, is used to enable the output power 
to the display. This input is pulse-width modulated to vary 
the average on/off time of the power, resulting in variable 
average display dimming.

(?) I-DEC-2

U8 functions identically to U9, using the "units" BCD data 
lines and driving the units display. The strobe line is 
common to all decoders.

(7) I-DEC-3

U7 functions identically to U9, using the "tens" data and 
driving the tens display.

I-DEC-4

U6 is connected to respond to the inverse of the 100 data 
line. When 100 is to be displayed, the input line is 0. 
This is decoded as 8 input to 14511. Since only segments b 
and c are used, the digit "8" looks like a "1". When the 
input line is up, indicating that the hundreds digit is 
not to be displayed, the input is decoded as value 12, 
since input pins 2 and 6 are up, representing 8 + 4. The 
value 12 is decoded as an illegal state by the 14511, and 
the output is automatically blanked, and the hundreds 
display is blanked out.

( 9)  I-DEC-5

U5 is connected only to segment g of the hundreds display. 
When the sign input is 0, U5 decodes a 0 value, and bar g 
is not energized. When the sign bit is 1, U5 decodes a 2 
value which lights the center bar, producing the effect of 
negative (-) sign on the hundreds display. The negative 
sign and the 1 display can exist at the same time, 
indicating -1, representing -100.
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DISPLAY POWER SUPPLY KEYED TEXT
GENERAL

The Display Power Supply furnishes regulated 6.8 volts DC 
with an output capacity of 3 amperes. This power is used 
only by the Numeric Display modules. An auxiliary output, 9 
volts DC unregulated, is used as a trickle-charging source 
to the standby battery in the Receive Logic card.

(T) X-LIM-1

SLl and SL2 are MOV surge limiters, providing protection 
against input line surges and transients. Maximum amplitude 
of transients is limited to about 200 volts. C3 filters out 
high-frequency line noise.

(T) C-PWR-1

Transformer Tl, rectifier bridge CR1-CR4, and Cl comprise a 
9 volt DC power supply.

(T) C-REG-1

Reference diode VRl establishes a 7.5 volt DC level at the 
base of high-gain power transistor Ql. The output of Ql, 
regulated by its low output impedance, is at a level of 6.8 
volts DC. C2 provides additional filtering.

(T) X-LIM-2

VR2, a power zener diode, acts as an output voltage limiter 
in the event of failure of Ql, holding the output voltage 
below about 8.0 volts.
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5 VOLT POWER SUPPLY KEYED TEXT

GENERAL

The 5 volt Power Supply receives 115 volts AC input and 
delivers regulated +5 volts DC with an output capacity of 
1.5 amperes. Two identical and interchangeable 5 volt 
supplies are used in the system, one in the Transmitter 
unit and one in the Display unit.

(T) C-PWR-1

T 1 , rectifier bridge CR1-CR4 and Cl comprise an unregulated 
+8 volt power supply.

(?) I-REG-1

VR1, an LM-323 integrated circuit, regulates the +8 volt 
level to +5 volts DC output. C2 provides additional 
filtering.

(7) X-LIM-1

VR2, a power zener diode, limits the output of the power 
supply to about 7 volts in the event of failure of VR1.
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TRANSMIT LOGIC KEYED TEXT
GENERAL
The Transmit Logic card is the main logic controller for 
the Transmitter Unit. Its circuits control mirror heating 
and cooling to maintain dew point temperature at the mirror 
surface, and it processes the Ta and Tdp resistance sensor 
values into a serial digital data stream for transmission 
to a remote receiver. The card also contains a simple data 
receiver and local numeric data display for use in 
servicing the equipment.

U5A and CRl are connected as an "ideal diode" detector 
circuit. The direct sensor signal is coupled through Cl to 
the non-inverting input of U5A. U5A output is rectified 
positive by CRl, charging C2 to the average value of Sd. 
The detected level on C2 is fed back to U5A inverting input 
through R21. Gain of the detector is adjusted by the 
setting of R21. Typical operating level of C2 voltage is 
+4 volts DC.

U6A, CR2 and C4 function essentially the same as U5A, 
negatively detecting the indirect sensor (Si) signal 
amplitude. R22 serves as the stage gain adjustment. 
Typical operating level on C4 is -4 volts DC.

The positive Sd level and the negative Si level are summed 
through 100K resistors into the inverting input of U6B. U6B 
output, representing heat/cool control, is brought out to 
the thermo power amplifier in the Auxiliary Power Supply. 
If the mirror surface is too warm, making Sd too high and 
Si too low, U6B output tends to go negative, producing more 
cooling power, and vice versa if Si is too high and Sd too 
low. R65 and C5 across the Si input resistor improve 
response and stability of the control loop. Special inputs 
controlled by the microprocessor are also brought into the 
loop by way of R77. These inputs are described under 
C - A M P - 5 .
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4) C-DET-3
U5B is a threshold amplifier. If its input, pin 5, is at 
less than +5 volts DC, its output is at negative 
saturation. If its input is greater than +5 volts, the 
output is at positive saturation, lighting LED CR5. CR5 
serves as an adjustment level indicator for Sd gain.

U21B operates much the same as U5B, using the negative Si 
signal as its input. If Si is more positive than -3 volts, 
LED CR9 is off. When Si ,is more negative than -3 volts, CR9 
is lit, indicating an adjustment level for Si gain.

During normal operation, the node, pin 6, of control 
amplifier U6B, is at virtually zero because of its 
feedback. If the control loop should open for any reason 
and U6B goes to saturation,, the node voltage will rise to a 
relatively high voltage. This voltage is monitored by U7B. 
Normally U7B output is close to zero, but when U6B 
saturates, U7B output will rise positive or negative, 
lighting either CR6 or CR7, indicating a fault condition.

(T) C-AMP-2

U8A is a feedback amplifier which uses the ambient 
temperature sensing element as its feedback resistor, so 
that U8A output DC varies precisely with Ta. At 0 degrees, 
the sensor resistance is 100 ohms, and U8A output is -0.5 
volts. In the scaling amplifier U 8 B , an offset correction 
is introduced through R14, making U8B output zero at zero 
degrees. Feedback of U8B, through R16, has been selected so 
that 50 degrees is represented by exactly 2 volts. Trimpots 
R35 and R34 provide a means of making minor adjustments in 
the offset and gain values for instrument calibration.

(jT) C-AMP-3

The dew point instrument voltage channel, U9A-U9B, is 
identical to U8A-U8B, using the dew point sensor resistance 
as the controlling element.
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(?) C-MUX-1

U10A and U10B are sections of a CMOS analog gate. U10A 
controls the Ta voltage; U10B controls the Td voltage. The 
gates are alternately opened and closed by a Ta/Td selector 
line from the microprocessor. When the control line to a 
gate section is high, the signal is passed through. When 
the control line is low, the signal is blocked by the gate. 
Using alternate control lines and tying the two gate 
outputs together results in an output signal which is at 
the Ta DC level for 200 milliseconds, then at Td DC for 200 
milliseconds, continuously alternating.

(10) C-CON-1

U2 is a CMOS Analog-to-Digital converter, using the Ta/Td 
multiplexed signal as its input. Output of the converter is 
a 12-bit straight binary representation of the input 
levels, with an additional bit for the polarity. The 
converter works in conjunction with the microprocessor, Ul, 
exchanging control and timing signals. U2 is a Type 7109 
chip, operating on the dual-slope integration principle. 
Output scaling and the essential accuracy of conversion are 
determined mainly by R53, CIO, and the reference voltage 
applied through a divider to pin 36. The "Status** output 
tells the microprocessor when a conversion is complete. The 
2.458 MHz crystal clock signal generated by the converter 
is also used b y  the microprocessor.

(11) I-PRO-1

Parallel-to-serial data conversion and output signal timing 
and formatting are controlled by Ul, a Motorola Type 68701 
microprocessor. This 8-bit processor contains a 128 byte 
RAM and 2048 bytes of erasable and programmable ROM. 
Although the processor is pre-programmed, it is removable 
and may be re-programmed or modified. Three 68701 
processors are used in the 1063 system, two in the Transmit 
Logic and one in the Receive Logic assemblies. All of the 
6 8 7 0 1 's are programmed identically and are interchangeable. 
Ground connections on pins 13 and/or 14 determine which 
section of the program will be used in each part of the 
system.
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Pins 13 and 14 are inputs to the microprocessor, and during 
the start-up part of the program, the processor scans the 
condition of pins 13 and 14. Depending on the combination 
of grounds or opens (logic 1 or 0) on the two pins, the 
program is directed to the "transmit", "monitor", or 
"display" section of the resident program.

The 12-bit binary data and sign bit are tied to input ports 
of U1 and the data is input when the program calls it up. 
The Ta and Td data words are alternately processed and 
brought out as a serial 600 Baud bit stream, still in 
straight binary code. The transmission signal is formatted 
as a Manchester code, in which the signal line is toggled 
at a 600 pul^se-per-second rate, and logic l‘s are indicated 
by a transition at the half-period point. At the receiving 
end, the detector is insensitive to signal polarity and 
does not require a separate clock input.

The data stream also includes various formatting and check 
bits used internally by the processor. As the processor 
alternately processes Ta and Td, it toggles the Ta/Td 
select line which controls the multiplex gates.

An error bit, indicating the presence of certain fault 
conditions in the transmitter, is included in the output 
data for use b y  the remote display unit.

Complete details of the microprocessor software are given 
in Appendix B to this manual.

(f i ) C-AMP-4

U3A and U3B monitor the dew point "limit" signal line which 
indicates faulty operation of the mirror control loop. This 
signal, which may be positive or negative, is brought to 
the inverting input of U3A and the non-inverting input of 
U3B. The two amplifier outputs are posi t i v e - O R *ed through 
CR3-CR4 as the error bit input to the microprocessor. Also 
summed into U3A and U3B inputs are the +5 volt (A) and the 
-5 volt DC supply lines. Since the + and - 5 volt DC lines 
are equal and opposite, they cancel out in the summation, 
but in the event of a failure or change in level of one of 
the lines, the error input balance is upset and the error 
bit line is raised.
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© I-AMP-1
A  Type 1488 level converting line driver is used as the 
transmission line driver to the remote displays. Output 
binary levels are balanced at approximately +/- 6 volts 
with respect to ground. R 6 6 f C16, and surge limiter SLl 
protect the line amplifier against transient spikes from 
the transmission line.

(l4) C-PG-1

U12, a Type 555 timer IC, is connected as a monostable 
(one-shot) multivibrator. Its input control point, p i ^  2, 
is connected to the +5 volt DC logic power line. When the 
+ 5 volt line is low, or during a negative-going transient 
on the line, the timer produces a positive-going pulse 
output at pin 3. This pulse is inverted by U4E and fed to 
the reset input of microprocessors U1 and U15. This insures 
that the processors are reset when power is first applied, 
and that they are also reset if power fails momentarily.

Reference diode VR1, driven by +12 volts DC through R49, 
establishes a stable 6.2 volt reference level for use by 
the Ta and Td signal amplifiers and the A-to-D converter. 
The 6.2 volt level is buffered by U7A in the non-inverting 
voltage follower configuration.

(16) I-PWR-1

Using the +12 volt DC line as input, U13 provides a 
regulated +5 volt line for critical analog circuits. This 
line is referred to as +5 volts (A).

(17) I-PWR-2

Using -12 volts DC as input, U14 provides a -5 volt DC line 
for use by the multiplex gates and the A-to-D converter.

(18) I-AMP-2

U16, a line receiver identical to that used in the remote 
display, samples the output data line, providing the input 
signal for the monitor display in the transmitter.

(19) I-PRO-2

A Type 68701 microprocessor, identical to Ul, receives the 
output data stream and performs all of the necessary 
processing and conversion to drive the local 3-digit Ta or 
Td monitor display.

C-REG-1
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This processor, U15, uses the 2.458 MHz clock signal 
generated by the A-to-D converter. Output of U15 is a 
12-bit BCD data bus, a sign bit and two strobe lines, SI 
and S2, for selection of Ta or Td display.

A  3-digit numeric display is mounted on the PC assembly for 
use in servicing. The display elements, U18, U19, U20, are 
plug-in and interchangeable. They are dot-matrix decimal 
displays and include storage registers, storing and 
displaying the data value on the lines at the instant of 
the trailing edge of the strobe pulse. Display selection of 
Ta lor Td is made by selecting Strobe 1 or Strobe 2 by way 
of iswitch SI. Solder jumper Jl determines whether the 
monitor indicates Fahrenheit or Celsius. With Jl installed, 
the indication is Fahrenheit.

Negative polarity is displayed by LED CR8, controlled by 
flip-flop U17A. The sign bit is connected to the flip-flop 
data input and the selected Ta or Td strobe is the clocking 
input.

Control of the dew point mirror temperature is independent 
of the microprocessor, with two exceptions: In the event of 
the mirror overheating because of a system failure, the 
microprocessor senses when the mirror temperature (Td) is 
65 degrees C or greater. In this condition, pin 24 of the 
microprocessor is set high. This signal, through U21B, 
applies full cooling signal to the heat/cool control 
amplifier U6B.

Also, during the automatic 24-hour mirror drying cycle, the 
microprocessor sets up pin 15, causing full heat control 
signal to be applied. Both of the microprocessor-controlled 
signals are brought through U21B and R 7 7 .

C-AMP-5
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RECEIVE. LOGIC KEYED TEXT
GENERAL
The Receive Logic PC assembly is the logical controller for 
the Display Unit. It receives the serial data stream from 
the transmitter, converts the data to a parallel format, 
translates the binary data to BCD for display, and performs 
various arithmetic functions on the data. These functions 
include 5-minute data averaging, error checking, 
suppression of leading zeros, and Celsius-to-Fahrenheit 
display conversion when requested. Output of the assembly 
is a BCD data bus for distribution to the display modules, 
a BCD data bus buffered for external use, and strobe lines 
for separating data words from the multiplexed data output.

T1 is a 900 to 600 ohm line transformer which converts the 
balanced input signal to a single-ended input to the input 
amplifier. Surge limiters SLl and SL2 provide protection 
against high voltage transients which may be received on 
the incoming phone line.

(T) C-AMP-1

U4 is a standard data line receiver IC which converts the 
bipolar input signal to TTL logic levels. VRl, a 6.8 volt 
zener diode, provides additional protection against input 
transients.

(7) C-PRO-1

Ul, a Motorola Type 68701 microprocessor, is identical to 
those used in the transmitter. The processors are socket 
mounted and are interchangeable. Ul contains a 128 byte RAM 
and an on-board 2048 byte ROM. All of the necessary 
programs for transmit, monitor, and display are written 
into each processor. Ground connections on pins 13 and/or 
14 serve as control inputs, determining which of the three 
internal programs is to be used. In the Receive Logic 
application, during the start-up sequence, the processor 
scans the inputs on pins 13 and 14 and sees a 1 on 13 and a 
0 on 14, and automatically goes to the display section of 
the resident program. The 68701 is erasable and may be 
re-programmed.
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U1 contains an internal clock, controlled by 2.458 MHz 
crystal Yl. Output data is in the form of a parallel BCD 
bus of 15 bits (3 1/2 digits and sign), multiplexed to read 
Ta, Td, Tmax, and Tmin. Four data strobe signals, S1-S4, 
are timed for separating the data for external storage.

An Error Flag bit is brought out for the display unit Error 
light. This bit indicates presence of various faults which 
may be detected in the transmitter; it also indicates 
errors which may have occurred in the data transmission 
process, or data values which fall outside arbitrary limits 
in the program.

Certain functions of the program are controlled by 
grounding appropriate input lines to the processor. This 
includes the Display Test, in which the processor is 
programmed to write -188.8 to all displays, the Fahrenheit 
mode, in which the display data is converted to degrees 
Fahrenheit, and the Average/instantaneous mode selection. 
When the Instantaneous mode is used (for test purposes 
only), the processor uses the "monitor" portion of the 
program.

Complete details of the operating software and operation of 
the microprocessor are given in an appendix to this manual.

0  C-PWR-1

A portion of the RAM which contains data that must be 
preserved through power failures is powered by way of + 5 
volts DC on U1 pin 21. Main 5 volt power to U1 comes in 
through pin 7. In the event of loss of system power, Ul-21 
receives standby power from a 4.8 volt battery Bl, 
protecting the RAM data for as long as 11 hours. Bl is 
maintained under continuous trickle charge of about 4 
milliamperes by the 9 volt supply through CR3 and R17.

When the Error bit output is high, astable multivibrator 
U2B is enabled, generating a 2-PPS square wave. The square 
wave, through inverter U6H, drives the Error lamp on the 
display unit front panel.
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A  bank of inverters with high drive capacity brings out the 
BCD data bus, all strobes and the error bit to a connector 
on the display unit rear panel for external use.

U2B is a 100 PPS free-running multivibrator driving 
one-shot U3. The active time of U3 is variable, controlled 
by the value of the Display Dimmer control on the display 
unit front panel. U3 output is a train of positive pulses 
at 100 PPS with a positive pulse duration variable from 0 
to 7 millisecbnds. This signal is used as the blanking 
input to the Numeric Display modules. When the dimmer 
control is in the "dim" position, U3 output is zero with 
very narrow positive pulses and the displays are not 
visibly lighted. When the control is near the "bright" end, 
U3 output is high about 70 per cent of the time, and the 
displays are brightly illuminated.

C- P G - 1

When power fails, critical data is protected by the standby 
battery. This, however, does not guarantee that the 
processor goes down in an orderly manner, and there is the 
possibility that the RAM data may be erased in the last few 
cycles of operation. To guarantee an orderly shut down, the 
processor must be placed in the Reset condition before 
power goes off. Q1 and Q2 are a level-sensitive one-shot 
which monitors the +5 volt DC supply line. Sensed by VR3, 
if the nominal + 5 volt level drops below + 4 volts as 
power begins to fail, the one-shot holds the Reset input, 
Ul pin 6, at zero for a few milliseconds.

The Reset condition does not affect the protected data. The 
Reset line is also momentarily brought down each time the 
Display Test switch on the front panel is depressed, as a 
means of re-starting the processor in the event of 
spontaneous failure of the processor.
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CALIBRATOR KEYED TEXT

The Calibrator subassembly of the Transmitter Unit consists 
of a double-pole, four position switch and a set of 
ultra-precise resistors. It enables a technician to 
substitute standard resistance values in place of the 
ambient and dew point sensing resistors to test and/or 
adjust instrument accuracy.

When the calibrator switch is in its normal (Operate) 
position, the standard resistors are out of the circuit. 
When in the 00 position, 100.0 ohm resistors are 
substituted for the sensors. In the - 50 position, 79.95 
ohm resistors are substituted, and in the + 50 position, 
119.75 ohm resistors are substituted. These values 
represent exactly the resistance which would be presented 
by the sensors at the test temperatures.

GENERAL

7-32



7
O

OPR

2
Q

79.95

- 5 0 0
2

R2 *R3 
100

< KO 
.OCX 119.75

0 0 6
3

L - 0 < - r - 0  +500—
/

L.-
SIA
(TA)

O  6
5 I

RESISTOR VALUES ARE IN OHMS. 
RI-R6 ARE ±.02%

i
U)
u>

8
O

3
o

R4
79.95 100

R6 
.00? 119.75

0  
7

6
--0 ^ “7 ~ 0

/

6
8

___/
SIB

(TOP)

9
o —

O6

SCHEMATIC DIAGRAM 
CALIBRATOR



DEW POINT SENSOR KEYED TEXT
GENERAL
The Dew Point Sensor subassembly in the Aspirator Unit 
includes all of the active elements of the Aspirator Unit 
except for the air blower.

CR1 is an infrared light-emitting-diode (LED). Its output 
wavelength is approximately matched to the response peak of 
the sensor phototransistors. The output of CRl is directed 
at a mirror surface at an angle of 45 degrees.

Q1 is an NPN silicon phototransistor. It is aligned so that 
it receives the directly reflected rays from illumunator 
CRl. Its output is called Sd.

Q2 is identical to Ql, but aligned perpendicular to the 
mirror surface, so that it is sensitive to the light rays 
which are scattered when the mirror surface is clouded or 
frosted. Its output is called Si.

Ul is a thermoelectric heat pump which cools or heats the 
mirror block. When positive current flows through Ul, the 
mirror heats; when negative current flows through Ul, the 
mirror cools. Maximum current is approximately 4 amperes 
DC .

(?) R—SEN— 1

RT1 is a platinum wire-wound resistive temperature sensor. 
Its resistance at 0 degrees C is exactly 100 ohms. RT1 has 
a stable coefficient of resistance vs. temperature of 0.4 
ohms per degree C. It is mounted directly in the path of 
the air drawn into the Aspirator, and its resistance is 
used for measuring ambient temperature. Its resistance 
value is called R t a .

(?) R —SEN— 2

RT2 is identical to RT1, but it is mounted inside the 
mirror body, so that the resistance of RT2 is a measure of 
the mirror temperature. The resistance value is called Rtd.
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REPAIR NOTES
DISPLAY UNIT

GENERAL

Most of the repair tasks listed below may be made while the 
Display Unit is in place in its cabinet installation. 
Access to the chassis components and behind the panels is 
made by unlatching the chassis retainers at the upper 
corners of the front panel. The chassis slides out, and may 
be tilted downward. Removal of the top cover screws allows 
the cover to be removed, exposing all internal components. 
If the unit is to be removed from the rack, disconnect the 
input signal cable, Pi, and pull out the AC power line 
connector, and slide the unit out to its limits. Depressing 
the buttons on the slide assembly disengages the slide 
stops and the unit may be pulled out of the rack.

1. RECEIVE LOGIC PC ASSY. (3 A 1 )

REMOVAL

Turn off power. Disconnect the BCD output cable which plugs 
into the top of the PC assembly, b y  pulling it straight up 
from the DIP socket. Using the card ejection ears, slide 
the card in its guides out of its socket and slide it out.

REPLACEMENT

Slide the card into place in its guides, and seat it firmly 
in its socket b y  depressing the ejection ears. Carefully 
plug the BCD output ribbon cable into its DIP socket on the 
replacement card. Check operation of the display unit per 
the Support Volume, Section 5-9.3.

2. + 5  VOLT DC POWER SUPPLY (3A2)

REMOVAL

Turn off power. Remove the four mounting screws which 
secure the power supply card to the chassis. Lift the 
supply straight up, disconnecting receptacle 3X2.

REPLACEMENT

Install the new supply b y  way of its four mounting screws. 
Re-connect 3X2. Test the display unit per the Support 
Volume, Section 5-9.3.
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3. DISPLAY POWER SUPPLY (3A3)
REMOVAL

Turn off power. Remove the four mounting screws which 
secure the supply to the chassis. Lift the supply straight 
up, disconnecting receptacle 3X3.

REPLACEMENT

Install the new supply b y  way of its four mounting screws. 
Re-connect 3X3. Test the display unit per Section 5-9.3.

4. NUMERIC DISPLAYS (3A4A1 - 3A4A4)

REMOVAL

Remove the two 4-40 nuts and nylon washers which connect 
the display module to the front panel bezel. Pull the bezel 
away from the front panel, taking care not to lose the two 
black plastic spacers on the bezel screws. Push the display 
module back slightly, away from the front panel, and lift 
the module out of its socket.

REPLACEMENT

Plug the replacement module into its socket. Insert the 
bezel from the front, through the panel, guiding the two 
screws through the matching holes in the module. The black 
spacers must be between the panel and the module. Install 
the nylon flat washers and the mounting nuts loosely. Turn 
the two spacers so that their feet point outward, clamping 
on the sides of the panel cutout. Tighten the nuts only 
enough to secure the assembly. Test operation of the 
display unit per the Support Volume, Section 5-9.3.

5. DISPLAY MOTHERBOARD (3A4)

REMOVAL

Turn power off. Remove the four numeric display modules. 
Unsolder the 21 wires which connect the assembly to the 
main wiring harness. Remove the six screws which secure 3A4 
to the chassis floor. Lift the assembly straight up and 
o u t .
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REPLACEMENT
Trim, dress and tin all of the 21 connection wires. 
Re-solder, using the display wiring diagram as a guide. 
Re-install the motherboard b y  way of its six mounting 
screws. Re-install the four numeric display modules. Test 
operation of the display unit per the Suppor Volume, 
Section 5-9.3.

6. FRONT PANEL COMPONENTS (3S2-3S4. 3R1. 3DS1)

REMOVAL

Turn power off. Unsolder the component and remove by 
carefully loosening the mounting nut on the panel.

REPLACEMENT

Re-install the component by way of its mounting nut. Trim, 
dress, and tin the leads and re-solder. Test operation of 
the display unit per the Support Volume, Section 5-9.3.

7. REAR PANEL COMPONENTS (3S1, 3S5, 3J1, 3J2, 3XF1, 3J3)

REMOVAL

Turn power off. Unsolder leads. Remove component by way of 
its mounting nut or screws.

REPLACEMENT

Re-install the component by way of its mounting hardware. 
Trim, dress and tin leads and re-solder, using the display 
unit wiring diagram as a guide. Test operation of the 
display unit per the Support Volume, Section 5-9.3.
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APPENDIX D
AUTOBALANCE MODULE

GENERAL

To decrease the required mirror maintenance effort, an 
automatic optic balancing system has been added to the 
Model H083. Once per day this device causes the mirror to 
be heated until dry, and adjusts a bias applied to the 
optic bridge circuit to compensate for accumulated dirt and 
other visible contamination of the mirror surface. The 
maintenance time cycle, as before, is determined mainly by 
the amount of contaminant in the local air, but can be 
improved by a factor of at least two by way of the 
autobalance system.

As the mirror accumulates surface contamination, it 
appears to the optic detectors to be cloudy as if it were 
too heavily coated with moisture. The mirror temperature 
control circuit reacts by applying heat, or less cooling, 
to the mirror. Ultimately, if the mirror becomes 
sufficiently clouded with dirt, the control loop will 
become ineffective, or will constantly apply heat to the 
mirror in an attempt to "dry" it.

The autobalance circuit, once per day, forces the 
mirror temperature upward to dry the mirror, then releases 
the optic loop to seek the dew point. As the system seeks 
dew point from a dry mirror condition, it should be 
applying a relatively large cooling signal. During the 
first 15 seconds after heating is turned off, the heat/cool 
control signal is monitored and an external bias voltage is 
adjusted to bring the cooling signal up to the correct 
level. This bias voltage is stored and remains as a fixed 
input to the control system, until it is automatically 
readjusted the next day.
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OPERATION
Although the Autobalance is fully automatic in its 

operation, the system user must observe certain precautions 
in its use. Adjustments of optic sensor amplifier gains 
(Si and Sd) may be made only when the mirror is clean and 
dry, and with the Autobalance dial manually set to 000. If 
the gain settings are adjusted with the dial positioned 
above 000, the system may become inoperative. In routine 
maintenance, procedures are as follows:

Periodically examine the mirror condition and check 
the Autobalance dial position. A period of two weeks is 
suggested at first, and this may be extended to several 
months in unusually clean atmosphere. As the mirror 
becomes visibly contaminated, the dial position will assume 
a higher value each day, and the dial reading may be taken 
as a rough indication of mirror condition. When the dial 
indication has reached 250, the mirror should be cleaned. 
The system will function up to an indication of about 500, 
but with impaired response.

After cleaning the mirror, manually turn the dial back 
to 000.

Readjust Si and Sd gain trimmers according to standard 
procedure: Using the Heat/Cool test switch, heat the 
mirror until Td reads at least 30 degrees above ambient, to 
assure that the mirror is dry. Release the Heat switch 
and, as the system drives downward toward dew point, adjust 
Sd gain until the Sd indicator light just comes on. Adjust 
the Si gain trimmer CW until the Si light comes on, then 
back off until the Si light just goes out. Be sure that 
the adjustments are completed before the system has reached 
dew point. If necessary, reheat the mirror and re-check the 
a djustments.

After these adjustments have been made, the system 
will track dew point, and the Autobalance will be inactive 
until its clock turns on the active cycle.
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CIRCUIT DESCRIPTION
Referring to the Transmit Logic PC Schematic, page

2-19, mirror heating/cooling power is controlled by the 
output of U6B. One of the inputs to U6B is from the 
Heat/Cool test switch by way of pin 5 of the card socket 
and through R48. Pin 5 is also connected to the 
Autobalance connector, pin 6, as shown on the Transmit Unit 
Schematic, page 2-11. A  positive DC voltage applied to 
that point will cause the mirror to cool.

Referring now to the Autobalance schematic, a 
motor-driven potentiometer, R7, controls the output voltage 
from the Autobalance module. This voltage, 0 to +5 volts 
DC, is connected through R8 to pin 5 of the Transmit Logic 
PC.

Once per day, just after the mirror has been heated 
dry for 5 minutes, the heating signal is removed and the 
"Balance" input to the Autobalance module, pin 7, is 
switched to 0 volts. . This enables analog switch, U2, 
completing the circuit from the drive motor return, M2, to 
ground. With the gate enabled, the motor will drive at a 
speed and direction determined by the output level and 
polarity of amplifier Ul.

Ul, a high-gain operational amplifier, receives as its 
inputs a fixed positive voltage through R5, and the 
negative heat/cool control signal through Rl, R2, and R3. 
Ul drives the motor in the proper direction to adjust the 
potentiometer output to make the heat/cool signal equal to 
approximately -1.8 volts DC. At this level, the two inputs 
to Ul are in balance and the motor stops. The whole active 
part of the balance cycle takes 15 seconds, which is 
adequate time for the potentiometer position to stabilize. 
At the end of the 15 second period, the balance logic level 
switches up to +5 volts DC, and the motor is disabled. 
With the motor de-energized by the open analog gate, the 
output DC voltage from the potentiometer remains as a 
constant correction to the heat/cool circuit, furnishing 
the proper level of bias in a cooling direction to cancel 
the effect of visible contamination on the mirror.
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TIMING

Control of the daily cycle has been programmed into 
the main microprocessor in the Transmit Logic PC. 
Referring to the program listing, Appendix B, this is a 
part of the 24-hour clock routine at program location 
$F8AB. The heating and balancing actions occur at a time 
count just less than 24:00:00 hours. The clock is preset 
to 1200 by any interruption of transmitter main power. To 
set the heating/balancing action to a convenient time, 
simply turn off the transmitter AC power momentarily, 12 
hours before the desired time. For example, if the 
transmitter power is interrupted for a few seconds at noon, 
the Autobalance system will be set to make its interruption 
of the dew point tracking at midnight. It will continue to 
operate each day at midnight until the next interruption of 
transmitter power, whether the interruption is 
accidentional or intentional, at which time the action will 
be resumed 12 hours after the last power interruption.

AUTOBALANCE TEST

The Autobalance may be initiated for observation by 
carefully momentarily grounding the Non-maskable Interrupt 
(NMI) input to the microprocessor, Ul. Using a grounded 
lead, touch pin 4 of Ul. Do not connect to pin 4 first and 
then ground the lead, as the antenna effect of the flying 
lead will probably stall the microprocessor, requiring a 
re-start by momentary interruption of power. Ten seconds 
after the NMI input has been grounded, the mirror 
temperature will begin to rise rapidly, as indicated by the 
dewpoint temperature readout. Mirror heating will last 
exactly 5 minutes, at which time the servo potentiometer 
will be enabled and the potentiometer dial will indicate 
any change of potentiometer position. After 15 seconds, 
the motor will be disabled, and the system will seek the 
dew point. During the entire cycle of 5 minutes and 15 
seconds, plus an additional 8 minutes for restabilization, 
the error bit is activated in the transmitted data, so that 
the elevated dew point data will not be mistaken for valid 
data by the remote display unit.
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PARTS LIST

AUTOBALANCE MODULE 1063-600

:t e m REF QTY. PART NAME PART NO. MFR.

i El 1 MOTOR-POT, 10K, 10-TURN, MC20-1 E.T.I.

2 PI 1 PLUG, 9-PIN "D" 17-20090-1(390) AMPHENOL

3 Ul 1 IC, DUAL OP-AMP MC1558 MOTOROLA

4 U2 1 IC, ANALOG GATE DG211 SILICONIX

5 R1-R3,R6 4 RESISTOR, FILM, 27.4K, 1% RN55-

6 R4 NOT USED

7 R5 1 RESISTOR, FILM, 249K, 1% RN55-

8 R7 1 POTENTIOMETER, 10K, 10 TURN P/O El

9 R8 1 RESISTOR, FILM, 49.9K, 1% RN55-

10 C1,C2 2 CAPACITOR, CERAMIC, .1, 50V CK05BX104K
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GENERAL SYSTEM INFORMATION

1.0 INTRODUCTION

1.1 Q u a l i m e t r i c s , Inc., is a manufacturer and distributor of 
electronic, electro-mechanical, and mechanical meteorologi
cal instruments and systems. As a manufacturer, Q u a l i 
metrics Inc. is able to furnish components, sensors, s i g 
nal conditioning, data acquisition, cabling, towers, con
duit, lightning protection, hardware, software, systems 
engineering, and customer service. Off-the-shelf products 
as well as full turn-key systems are available to suit the 
varied needs of customers. Turn-key systems include pro
ject management, complete shop testing, calibration, in
stallation, on-site supervision, and initial start-up. In 
addition, Qualimetrics Inc, offers in-house and on-site 
training of customer personnel for more advanced systems.

1.2 The two divisions of Qualimetrics, Inc, WeatherMeasure and 
Weathertronics, have combined many years of practical e x 
perience to produce well designed instruments and systems. 
The latest innovations in electronic technology are con
tinually being incorporated into existing designs to im
prove product performance and reliability. The combined 
product lines of the two divisions allows Qualimetrics, 
Inc., to offer a wide range in systems designs. Above all 
Qualimetrics, Inc., is continually improving and expanding 
its ability to respond to the needs and demands of cus
tomers for after-sale problems and replacement parts and 
customer service.

1.3 The main concept behind the electronic meteorological sys
tems and instrumentation is the modular structure. The 
modular design concept allows expansion or reduction of 
existing systems to meet continually changing requirements 
without having to discard or redesign major system compo
nents. The modular concept also provides for more rapid 
customer service without loss of the full system by allow
ing the defective module or sensor/module pair to be taken 
out of service while the rest of the systems stays o n 
line.

2.0 SENSORS

2.1 Qualimetrics produces and selects other manufacturers sen
sors to withstand severe environments while providing the 
required accuracies and performance specifications. Sensor 
designs are continually reviewed and improved as new t e c h 



nological advances are developed in order to provide cus
tomers with the best possible systems response.

2.2 Sensors are designed for use as individual instruments or 
with other sensors in large systems. Mos t  s e n s o r s  use 
cables and connectors for the transmission of sensor elec
trical outputs. Sensor cable terminations are accomplished 
by using environmental connectors to prevent moisture from 
degrading signal transmission and to prevent c o m p o n e n t  
failures due to corrosion. Cables can be ordered with the 
sensors or can be s u p p l i e d  by the c u s t o m e r .  S t a n d a r d  
c a b l e s  supplied by Qualimetrics Inc, have a PVC jacket 
with an overall foil shield and drain wire. The individual 
wires are s t r a n d e d ,  20 AWG, w i t h  PVC insulation. The 
cables are multiple conductor style c a b l e s  with c o l o r  
coded wires. Twisted-pair cables are sometimes provided in 
applications where externally induced noise is a critical 
factor.

2.3 Sensor accessories are available to provide full support 
for field use of the equipment. Accessories can include 
cable, mounting adapters, hardware, calibration devices, 
enclosures, towers, and much more. Accessories are usually 
unique to each sensor type to help eliminate unnecessary 
errors during calibration and installation. Most a c c e s 
sories are listed in the Qualimetrics, Inc, catalog and in 
some instrument instruction manuals.

3.0 SIGNAL CONDITIONING

3.1 The majority of the sensors used to gather meteorological 
data produce outputs which are as varied as the parameters 
being measured. In order to produce homogenous signals 
which can easily be connected into data acquisition s y s 
tems, Qualimetrics provides modular signal conditioning. 
The modular signal conditioning systems provide s e n s o r  
load matching, sensor electrical isolation, as well as 
calibration and amplification of the sensor signal. Signal 
conditioning modules allow an unlimited arrangement in the 
types of sensors used in a system. Most often the modules 
are arranged to correspond to the configuration of the 
instruments on the tower in descending order from the top 
of the tower.

3.2 Qualimetrics currently provides 2 styles of signal condi
tioning modules, an analog output version (formerly the 
Weathertronics design) and an analog output plus data ac
quisition output version (formerly the WeatherMeasure d e 
sign). The analog output only style of modules operates 
with module files Models 1005, 101 8 and 1023 and provides 
standard outputs of 0-5 VDC and 0-10 mVDC. The analog out
put plus data acquisition output style of modules operates 
with module files Models 1000 and 1001. It must be noted 
that the two styles of modules are not interchangeable and



must be used with the appropriate module files for which 
they have been designed.

The analog output only modules are designed to provide a 
low cost, easy-to-use modular data system with analog o u t 
puts for use with analog dials, panel meters, strip chart 
recorders or customer furnished computer systems requiring 
0-5 VDC input signals. The analog/digital modules are de
signed for use with the Model 1120 Data Acquisition System 
manufactured by Qualimetrics. The analog/digital modules 
feature programmable addressing and automatic remote cali
bration for use with the Model 1120 system. The modules 
are a little more expensive than the analog only modules 
and provide 3 standard outputs of 0-5 VDC, 0-1 VDC and 0-1 
mADC. Both styles of modular systems have a wide range of 
a p p l i c a t i o n s  and include special output modules. It is 
recommended that the customer discuss any further changes 
with the Qualimetrics Customer Service Department or Appli
cations Engineering Department prior to making the change 
in order to obtain the maximum advantage of the existing 
system.

DATA ACQUISITION

D at a  A c q u i s i t i o n  Systems include any number of devices 
that collect and/or display data g a t h e r e d  by sen s o r s .  
Qualimetrics provides data acquisition systems that can 
include analog dials, digital panel meters, strip chart 
recorders, solid state recorders, digital data loggers, 
and data transmission systems.

Indicating systems are available to display real time data 
for public information systems, such as radio and televi
sion broadcasts, or to assist in process control in indus
trial facilities. Indicators are provided in modular form, 
6-inch analog dials, or digital panel meters. The type of 
display used should be selected to best suit the app l i c a 
tion .

Recording systems are available to provide historical data 
for profile generation or for legal protection of indus
trial processing where pollutants are harmful. Strip chart 
recorders are often useful as back-up data a c q u i s i t i o n  
systems where more than 90% of data retention is required 
by law. Recorder styles are available in single pen, dual 
s i d e - b y - s i d e  pen, multiple dotting type or solid state 
electronic versions.

Digital data acquisition systems provided by Qualimetrics 
can consist of programmable data .loggers, magnetic tape or 
disk recording systems, digital printers and data transmis
sion systems. These systems are used to take the sensor or 
module signals and create or manipulate the data, generate 
reports, and interface the sensors to other computer equip-



ment. Typical data acquisition equipment can include 9 
track magnetic tape recorders, line printers, RS232-C in
terfaces, teletype printers, telephone modems, and mass 
storage systems. Data logging collection can be a c c o m 
plished in either of two ways: 1) gather the raw data con
tinuously or at intervals; 2) record the data and store 
the records for future processing. Micro processor based 
systems can control the data collection as well perform 
on-site data reduction, units conversion, and perform ad
ditional calculations such as time averaging, m i n i m u m / m a x 
imum values and standard deviations.

5.0 OTHER SYSTEM COMPONENTS

5.1 Q u a l i m e t r i c s ,  Inc., specializes in providing complete 
turn-key systems for customers on a w o r l d  wide basis. 
T h e s e  turn-key systems can include major items such as 
towers, portable shelters, conduit, fencing, e m e r g e n c y  
power systems, civil works, and on-site training. In addi
tion, two full sets of system documentation are included 
in the p u r c h a s e  pr i c e  with additional sets of manuals 
available at an additional cost. System manuals include 
instruction manuals for each sensor and module, calibra
tion data sheets, system interconnecting wiring diagrams, 
and installation assembly drawings for all major compo
nents. System manuals are shipped with the equipment u n 
less special instructions are given. System manuals are 
enclosed in Qualimetrics 3-ring binders to protect the 
documents.
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SIGNAL C O N D I T I O N I N G  M ODULE FILE 
MODEL 1018 

1023

I N T R O D U C T I O N

The Models 1018 and 1023 Signal Conditioning Module Files 
are designed for table top mounting. The Model 1023 will 
accept a power supply module and two signal conditioning 
modules while the Model 1018 will accept a power supply 
module and five signal conditioning modules. The overall 
dimensions of the Model 1023 are 5.25"H x 5.4 0 MW x 9.0"D 
(133 mm x 137 mm x 229 mm). The Model 1018 differs only in 
the width which is 9 . 7 5” (248 mm). Input and output s i g 
nals lines to the modules are available on terminal connec
tor blocks located at the rear of the file. A series of 
printed circuit board edge connectors are located inside 
the card file to bus all common signals and power supply 
voltages from the power supply module to all other mod
ules. An 8-pin terminal block is located on the back panel 
to connect two 12 VDC batteries (± 12 VDC required) to the 
power supply. A six foot (180 cm) power cord on the back 
panel provides 115/230 VAC, 50/60 Hz to the power supply

The module file has a brushed aluminum finish with black 
grained inserts. The signal conditioning modules have a 
brushed aluminum finish with black lettering.

SPECIFICATIONS

Number of module positions:
Model 1023......................................................  3
Model 1018......................................................  6
Number of signal conditioning module positions:
Model 1023......................................................  2
Model 1018......................................................  5
Type of termination............................terminal block,

module.

Power cord length
M o u n t i n g ...........
F i n i s h .............
P o w e r ..............

co n n e c torless 
.... 6 ' ( 1 8 0 c m )
........ Table top
Brushed aluminum

115/230 VAC, 50/60 Hz
or ±12 VDC

Size: Model 1023 .. 5.25"H x 5.40"W x'9-0"D 
(133 mm x 137 mm x 229 mm)

Weight/Shipping

Model 1018 ___ 5. 25WH x 9 . 75"W x 9.0T,D
(133 mm x 248 mm x 229 mm) 

4 lbs/8 lbs (1.8 kg/3.6 kg)



INSTALLATION

This instrument is thoroughly tested and fully calibrated 
at the factory and is ready for installation. Please refer 
to the return authorization card included in the packing 
box if damage has occurred. Also, notify Q u a l i m e t r i c s ,  
Inc.

Both the Model 1018 and 1023 Module Files can be mounted 
on a shelf or table top. All cabling is terminated at the 
rear of the file. All switches and calibration adjustments 
are accessible at the front panel or top of each module. 
Voltage measurements must be made either at the rear panel 
or at the top edge test points of each module. In order to 
use the top edge test points, use an extender card Model 
1605. Otherwise, the top cover must be removed to access 
the test points. Remove only the black plastic cover.

C a u t i o n  must be taken to prevent connecting the module 
file to an incorrect operating voltage. Power Supply Model 
1030-A will accept 115 VAC. Power Supply Model 1030-B will 
accept 220 VAC. The serial tag with the module model n u m 
ber is located behind the module panel. Remove the module 
and inspect the serial tag for the model number.

CAUTION

The Power Supply Module and Power 
Supply Card Extender have 115/230 
VAC present on them. Use extreme 
caution while s e r v i c i n g  or i n 
stalling this equipment.

Before turning power on, each module should be installed 
into its position and the correct input and output cables 
attached to the terminal block. Refer to the system wiring 
diagram for module position designations for each module 
file. The interconnecting tables at the end of this sec
tion are included in the manuals for each type of module 
being used to indicate cable terminations. Figure 3-1 dis
plays a typical form used for module designations. The 
table in Figure 3-2 is a typical interconnecting wiring 
list. Module positions are shown as the system has been 
constructed and tested at the factory and are not restrict
ed should the user require changes to the system.

To c o n n e c t  b a t t e r y  l e a d s  to terminal block zero use .300" 
wide spade lugs.

To connect input/output wires to terminal blocks 1 through
11, turn the recessed screws counter-clockwise until the 
screw is flush with the edge of the terminal block. Strip 
each wire approximately 1 / 4”, insert into funnel opening 
and tighten the screw. These terminal blocks are designed
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INTERCONNECTION TABLE 

MODULE MODEL ______________ MODULE FILE POSITION

F I G  3 . 2



for wire sizes 22 to 12 AWG, solid or stranded. It is not 
necessary to tin stranded wire.

4.0 CIRCUIT DESCRIPTION

4.1 The Model 1018 and 1023 Module Files are made to accept 
any WEATHERtronics signal conditioning modules. With the 
exception of the power supply, all modules have two connec
tors. The top connector provides input/output connection 
to sensors and data acquisition equipment. The bottom con
nector provides common busing of power and control lines 
f r o m  e a c h  module to the power supply. The power supply 
connector, besides providing the above lines, also c o n 
nects the power source with the circuit board. Refer to 
Drawing Number 1018-004 for a s c h e m a t i c  of the m o d u l e  
file. The neutral wire of the AC power cord is tied to 
chassis ground. The system common is a floating signal and 
s h o u l d  not be tied to chassis ground. A chassis ground 
screw terminal is located below each terminal block to be 
used to ground shielded cables, if required.

5.0 CALIBRATION

5.1 The Model 1018 and 1023 Signal Conditioning Module Files 
do not require any external calibration.

5.2 Calibration adjustments are located on the front panel and 
the top edge of each module. If card extenders are r e 
quired, use them to calibrate and troubleshoot each mod
ule. NOTE: The power supply module has its own Card E x 
t e n d e r  Model 1606. Please observe caution described in 
Step 3*3.

6.0 MAINTENANCE

6.1 Maintenance is primarily limited to the power cord and/or 
breakage of any of the terminal strips or printed circuit 
connectors. For safety and maximum accuracy, replace any 
parts that are damaged.

7.0 SCHEMATIC AND PARTS LIST

7.1 The following pages include schematics, assembly drawings, 
and parts list for this instrument. Please note that the 
p a r t s  lists are arranged in assembly/subassembly form. 
Each subassembly is on its own page. S u b assemblies and 
parts are listed in the smallest economical size available 
from Qualimetrics.

8.0 WARRANTY

8.1 All instruments are warranted for one year, unless other
wise specified, against defects in material or w o r k m a n 
ship. Should any instrument prove to be defective within



the warranty period, upon written notice and return of the 
instrument freight prepaid, Qualimetrics will, at its o p 
tion, repair or replace the defective unit and return it 
freight collect. Instruments abused, improperly used or 
installed, and modified or altered by others, may cancel 
warranty.
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CROSSARM 
MODEL 2023

1.0 INTRODUCTION

1.1 The Micro Response Wind Sensors and new*style Low 
Threshold Wind Sensors are designed for use as sets of 
wind speed and wind direction sensors. In order to 
properly install the sensors as a set, the Crossarm Model 
2023 is recommended.

1.2 The Crossarm provides a stable, easy-to-use mounting for 
the wind sensors. Mounting pins with orientation pins 
allow easy removal and reinstallation of the sensor 
without loss of orientation. This is especially important 
when servicing wind direction sensors.

1.3 The simple design and construction of the Crossarm 
facilitates the handling and installation of the Crossarm 
and the wind sensors. All sensor wiring and cable 
connection-s are external to the Crossarm, eliminating 
wiring problems and simplifying troubleshooting.

2.0 SPECIFICATIONS

Size...........

Mounting.......
Material.......
Weight/Shipping

3-0 INSTALLATION

3*1 This instrument is thoroughly tested and fully calibrated 
at the factory and is ready for installation. Please refer 
to the return authorization card included in the packing 
box if damage has occurred. Also, notify Qualimetrics,
Inc.

3-2 The Crossarm is designed to be mounted onto a pipe mast or 
a boom nipple with an outside diameter of 1.0 inches. Two 
square head set screws fasten the Crossarm to the mast.

3-3 Install the Crossarm. Place the arms so that there is
sufficient clearance from all guy wires, cables, etc. that 
are attached to the mast.

3-4 The mounting pin on each end of the Crossarm has a dowel 
pin on the side. The dowel pin fit3 into a guide hole

........  h8”W x 6"H x 1" Dia.
(1219 x 152 x 25 mm) 

.. 1 inch O.D. pipe or tubing

....................... Aluminum
3-5 lbs/5 lbs (1.6 kg/2.3 kg)



MODULE FILE MODEL 1025

1 1 5 V A C  
5 0 - 6 0  H Z

SENSORS

MODEL 10643 
TERMINALS

---------(

M O D E L
C
A
D
B

( ] WHT ■?:> ( >)TB 2 2_
2 0 3 0
(S  P££T>)

! ! BLK ( 2) (2)
! ! RED (>) 0 ) a.
! ! GRN ( j ) O') ....fi.

4 PIN 1
1

1
1T600504 1

1
1

1
1
1

M O D E L A
B
C

n  WHT ( h A 2
2 0 2 0
( p i *

! ! BLK ( 6") (S) 4
! ! RED ( 7) 6
i i ii 11

3 PIN
ii__ 1___ 1

T600503

MODULES

P O W E R  S U P P L Y  

M O D E L  1 0 3 0 - A
POSITION 0

W IND S P E E D

M O D E L  1 2 2 0
0 - 1 0 0  m p h

POSITION 1

W IN D D IR E C TIO N  
M O D E L  1 2 4 0 - A  

0 - 3 6 0  D e g  A z
POSITION 2

0 - 5  VDC 

0 -1 0  mVPC

0 - 5  VDC 

0 -1 0  mVDC

12V OV -I-12V

M Q UALIMETRICS, Inc.
SCHEMATIC WIND SYSTEM

• »  N0- J 5 3 7 9 7 NATIONAL RADIO ASTRONOMY OBSERVATORY

oate 6 - 2 6 - 8 9



drilled into the base extension of each sensor. On the 
wind vane, the hole for the dowel pin is on the same side 
as, and is aligned with, the North mark. The Crossarm can 
be installed with both mounting pins oriented toward North 
to allow mounting of the wind vane on either end. The 
mounting pins are secured by a 5/16 diameter bolt. Lock 
washers help prevent the pins from turning. These bolts 
may be loosened and left loose until the vane is installed 
and precisely oriented towards North. Be sure to securely 
fasten all Crossarm hardware before leaving the equipment.

3.5 With the mounting pin bolt loosened, the mounting pin will 
rotate when the sensor body is turned. In this way, 
whenever the wind vane sensor is aligned to North, the 
mounting pin is also aligned to North and will remain 
aligned after the bolt is securely fastened. The wind vane 
can then be removed and replaced without loss of 
orientation. Loosening the square head set screws will 
cause loss of orientation of the crossarm to North. These 
set screws should only be loosened for removal of the 
crossarm.

3.6 REMEMBER, it is not necessary to loosen the crossarm 
mounting pins when removing the sensors for repair or 
replacement. Loosen only the alien head screws on the 
sensor base to remove the sensor from the crossarm.

4.0 MAINTENANCE

4.1 No maintenance is required of the Crossarm other than 
routine checks for excessive corrosion or general 
inspection.

4.2 Occasional lubrication of the set screws and bolt threads 
may be required in order to remove the Crossarm or to 
re-orient the sensors after the system has been in service 
for some time. Use a silicon compound for lubrication.

4.3 Bee wax is recommended as a lubricant for the mounting 
pins to allow for easy installation and removal of the 
sensors from the crossarm.

5.0 DRAWINGS AND PARTS LIST

5.1 The following pages include assembly drawings and parts 
lists. Parts lists are arranged in assembly/subassembly 
form. All subassemblies are listed on separate pages, 
parts are listed in the smallest size available.

6.0 WARRANTY

6.1 All instruments are warranted for one year, unless 
otherwise specified, against defects in material or 
workmanship. Should any instrument prove to be defective



within the warranty period, upon written notice and return 
of the instrument freight prepaid, Qualiraetrics will, at 
its option, repair or replace the defective unit and 
return it freight collect. Instruments abused, improperly 
used or installed, and modified or altered by others, may 
cancel warranty.
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WIND DIRECTION MODULE 
3 6 0 °

MODEL 1240-A 
1241-A

1•0 INTRODUCTION

1 . 1  Q u a l i m e t r i c s  has d e s i g n e d  all s y s t e m  modules to be as i- 
dentical as possible. Each module has a r e f e r e n c e  v o l t a g e  
for s e n s o r  e x c i t a t i o n  and/or scaling reference supply. An 
indicator is mounted on the front pa n e l  a n d  will i l l u m i n 
ate w h e n  the m o d u l e  is in either LOW or HIGH calibration. 
A rotary switch s e lects e i t h e r  t h e  O P E R A T E ,  L O W  c a l i b r a 
t i o n  or H I G H  c a l i b r a t i o n  m o d e  of o p e r a t i o n .  F r o n t  panel 
controls are available for adjusting the low and h i g h  s p a n  
p o i n t s  for b o t h  o u t p u t s .  S t a n d a r d  o u t p u t s  are 0-5 VDC at 
output 1 and 0-10 mVDC at output 2.

1.2 R e m o t e  c a l i b r a t i o n  can be a d d e d  as an option to all m o d 
ules. It is used by a data a c q u i s i t i o n  s y s t e m  to i n t e r r o 
g a t e  e a c h  m o d u l e  for L O W  and H I G H  c a l i b r a t i o n  values and 
uses these values to adjust the c o n v e r s i o n  f o r m u l a  if the 
circuits drifts off the c alibration points.

1.3 C i r c u i t  r e f e r e n c e  d e s i g n a t i o n s  are s t a n d a r d i z e d  for all 
modules. The power supply uses 1XX designations, the f i n a l  
o u t p u t  s t a g e  uses 2XX references. Parts common to all m o d 
ul e s  us e  the s a m e  r e f e r e n c e  d e s i g n a t i o n .  F o r  e x a m p l e ,  
K 3 01 , the r e l a y  u s e d  for remote calibration, carries that 
designation in all m o d u l e s .  It o p e r a t i o n  is i d e n t i c a l  in 
all m o d u l e s .  As s h o w n  in F i g u r e  1.1 many test points are 
identical for all s y s t e m s ,  e.g. the b l a c k  test p o i n t  is 
system common on every module.

1.4 The f i n a l  o u t p u t  s t a g e  (a f t e r  the v i o l e t  test point) is 
identical for e v e r y  m o d u l e ,  s i m p l i f y i n g  t r o u b l e s h o o t i n g  
and c a l i b r a t i o n  p r o c e d u r e s .Any output devices sees i d e n t i 
cal circuitry as it scans each channel.

1.5 The M o d e l  1 2 4 0 - A  W i n d  D i r e c t i o n  Module is designed to a c 
cept any potentiometric wind direction sensor by Q u a l i m e t 
rics. The s i g n a l  is f e d  t h r o u g h  two stages of a m p l i f i c a 
tion, b e f o r e  e n t e r i n g  the o u t p u t  s t a g e .  A s m a l l  f i l t e r  
c a p a c i t o r  on the i n p u t  l i n e  r e m o v e s  e x t e r n a l  noise. The 
wind direction module p r o v i d e s  l i n e a r  s i g n a l  o u t p u t  o v e r  
the 3 60° range.

1.6 The s t a n d a r d  360° w i n d  d i r e c t i o n  m o d u l e  is Model 1240-A. 
If the remote calibration option is d e s i r e d ,  the M o d e l  is 
1241- A .



2.0 S P E C I F I C A T I O N S

2.1 Input r a n g e ........................................ 0-360°, 0-5 VDC
L i n e a r i t y ......... ....................... ........... Less than 0.1%
Standard o u t p u t s .............................  0-5 VDC; 0-10 mVDC
Power r e q u i r e m e n t s ............................. . 12V at 30 m A ;

+12V at 25 mA
S i z e ........................................ 5 . 2 5 11H x 1l4"W x 7.0"D

( 1 3 3  x 36 x 178 m m )
W e i g h t / S h i p p i n g ................................. 0.4 lbs/1.5 lbs

(0 . 2  k g /0/ .7 kg)

3.0 INSTALLATION

3.1 This i n s t r u m e n t  is t h o r o u g h l y  tested and fully calibrated 
at the factory and is ready for installation. P l e a s e  r e f e r  
to the r e t u r n  a u t h o r i z a t i o n  c a r d  i n c l u d e d  in the packing 
b o x  if d a m a g e  has o c c u r r e d .  Also, n o t i f y  Q u a l i m e t r i  cs , 
I nc .

3.2 Be s u r e  the m odule file power supply is off before in s e r t 
ing the wind direction module. C o n n e c t  c a b l e s  as s h o w n  in 
F i g u r e  3.1. Set m o d e  s w i t c h  to L O W  c a l i b r a t i o n  position 
and turn system power on. Follow p r o c e d u r e  in c a l i b r a t i o n  
s e c t i o n  for initial scaling. Return mode switch to OPERATE 
p os i t i o n  to read sensor measurements.

4.0 THEORY OF OPERATION

4.1 The f o l l o w i n g  s e c t i o n s  describe the operation of the Wind 
Direction Module. Use Drawing No. 1 2 4 0 - A 0 4  as a r e f e r e n c e  
while reading the text.

4.2 The s e n s o r  is connected to the module with a three c o n d u c 
tor cable. The white conductor t e r m i n a t e s  s e n s o r  pin A to 
w i n d  d i r e c t i o n  m o d u l e  pin 2 , and s u p p l i e s  the excitation 
voltage to the potentiometer. R302 is u s e d  fo r  s h o r t  c i r 
c u i t  p r o t e c t i o n .  The black lead connects pin B of the s e n 
sor to pin 4 of the m o d u l e  an d  r e p r e s e n t s  s y s t e m  c o m m o n .  
The r e d  l e a d  is the p o t e n t i o m e t e r  w i p e r  o u t p u t  and con
nects pin C of the sensor to pin 6 of the module.

4.3 The s i g n a l  p a s s e s  t h r o u g h  the m o d e  switch and the remote 
calibration relay (Model 1241-A o n l y )  or J u m p e r  J W301 and 
e n t e r s  pin 3 of U301 . The mode switch substitutes the zero 
and full s c a l e  v a l u e s  of the s e n s o r  in the L O W  and H I G H  
c a l i b r a t i o n  p o s i t i o n s ,  r e s p e c t i v e l y .  B u f f e r  a m p l i f i e r ,  
U 3 0 1 t provides an impedance match between s ensor and e l e c 
tronics. This amplifier has unity gain.

4.4 T h e  o u t p u t  of U301 e n t e r s  the i n v e r t i n g  i n p u t  of U302. 
This second amplifier has a gain of a p p r o x i m a t e l y  m i n u s  2. 
This g a i n  is selected to provide a 0 to -5.5 VDC signal to



U201 pin 2 a n d  t h i s  v o l t a g e  can be measured at the violet 
test poi n t .

4.5 The i n p u t  v o l t a g e  at U201 p i n  2 is s u m m e d  w i t h  the zero 
adjust voltage and is a p p l i e d  to the i n v e r t i n g  a m p l i f i e r  
i n p u t .  CR201 a n d  C R 2 0 2  r e g u l a t e  the voltage across poten
tiometer R202 to s t a b i l i z e  its v a l u e ,  p o t e n t i o m e t e r  R202 
is u s e d  to zero both o u t p u t s . U201 has a variable gain due 
to p o t e n t i o m e t e r  R201 w h i c h  is u s e d  to o b t a i n  t h e  f u l l  
s c a l e  at ou t p u t  1. After signal output 1 is set, pot e n t i o 
meter R2 0 3  is a d j u s t e d  for f u l l  s c a l e  r e a d i n g  of s i g n a l  
output 2.

^.6 V o l t a g e  r e g u l a t o r ,  U101, obtain its power from the +12 VDC 
bus and is referenced to common. U101 is a th r e e  l e a d  p o s 
itive regulator fixed at 5 VDC.

^.7 R e l a y ,  K301, is a p r i n t e d  circuit board assembly with two 
each DPDT relays in it. T h e  K 3 0 1 A  s e c t i o n  is u s e d  to r e 
m o t e l y  s w i t c h  from the sensor to the LOW calibration p o s i 
tion. The K 3 0 1 B s e c t i o n  a l o n g  w i t h  the K 3 0 1 A  s e c t i o n  is 
used to switch from the LOW to HIGH calibration position.

5.0 CALIBRATION

5.1 C a l i b r a t e  the w i n d  d i r e c t i o n  s e n s o r  u s i n g  the procedure 
specified in its manual before calibrating this module.

5.2 The W i n d  D i r e c t i o n  M o d u l e  has a m o d e  s w i t c h  to simplify 
scaling of the module. In the LOW calibration p o s i t i o n  the 
i n p u t  to a m p l i f i e r  U301 is b r o u g h t  to the common side of 
the sensor. This represents zero d e g r e e s  or the lo w  s c a l 
ing p o i n t .  In the H I G H  c a l i b r a t i o n  position the input is 
brought to the positive reference v a l u e  of th e  s e n s o r  r e 
presenting 360°.

5.3 M o n i t o r  the Blue (+) and B l a c k  (-) test points and place 
the mode switch to the L0 CAL position.

Adjust potentiometer R202 (SIGNAL OUT 1, L0) for 0.00 VDC.

5.5 Place the m o d e  s w i t c h  to the HI CAL p o s i t i o n  and adjust 
potentiometer R201 (SIGNAL 1 OUT, HI) for 5.00 VDC.

5.6 M o n i t o r  the O r a n g e  (+) a n d  B l a c k  (-) test points and a d 
just R 203 (SIGNAL OUT 2, HI) for 0.010 VDC.

5.7 Pl a c e  the m o d e  s w i t c h  to the O P R  ( o p e r a t e )  p o s i t i o n  and 
verify correct sensor and mo d u l e  operation.

5.8 R e p e a t  S t e p s  5.3 to 5-7 u n t i l  no fur t h e r  adjustments are 
n e c e s s a r y .



5.9 U p o n  s u c c e s s f u l  c o m p l e t i o n  of the c a l i b r a t i o n  procedure, 
turn the mode switch to OPR and p l a c e  the unit i n t o  s e r -  
vi ce .

6.0 M AINTENANCE

6.1 Q u a l i m e t r i c s  has c o n s e r v a t i v e l y  d e s i g n e d  all m o d u l e s  in 
this s y s t e m .  M a i n t e n a n c e  s h o u l d  be l i m i t e d  to p e r i o d i c  
c a l i b r a t i o n  c h e c k s  an d  procedures as described in Section 
5.0.

6.2 If a failure does occur use the Schematic Drawing No. 1 240- 
A04, and S e c t i o n  4.0 of t h i s  m a n u a l  to i s o l a t e  the p r o 
blem. Q u a l i m e t r i c s  C u s t o m e r  S e r v i c e  is available to help 
with troubleshooting.

6.3 If it is i m p e r a t i v e  that the system be operational i m m e d i 
ately, it is rec o m m e n d e d  that a s p a r e  m o d u l e  be kept w i t h  
the system .

7.0 SCHEMATIC & PARTS LIST

7.1 The f o l l o w i n g  pages include schematics, assembly drawings, 
and parts list for t h i s  i n s t r u m e n t .  P l e a s e  no t e  th a t  the 
p a r t s  l i s t s  are a r r a n g e d  in a s s e m b l y / s u b a s s e m b l y  form. 
E a c h  s u b a s s e m b l y  is on its own page. S u b a s s e m b l i e s  a n d  
p a r t s  a r e  l i s t e d  in the s m a llest economical size available 
from Qualimetrics.

8.0 WARRANTY

8.1 All i n s t r u m e n t s  are w a r r a n t e d  for one year, unless o t h e r 
wise s p e c i f i e d ,  a g a i n s t  d e f e c t s  in m a t e r i a l  or w o r k m a n 
ship. S h o u l d  an y  i n s t r u m e n t  p r o v e  to be defective within 
the warranty period, upon written notice and r e t u r n  of the 
i n s t r u m e n t  f r e i g h t  p r e p a i d ,  Qualimetrics will, at its o p 
tion, repair or r e p l a c e  the d e f e c t i v e  un i t  and r e t u r n  It 
f r e i g h t  c o l l e c t .  I n s t r u m e n t s  a b u s e d ,  i m p r o p e r l y  used or 
installed, and m o d i f i e d  or a l t e r e d  by o t h e r s ,  m a y  c a n c e l  
warranty.
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WIND SPEED MODULE 
PULSE INPUT 
MODELS 1220 

1222

1.0 INTRODUCTION

1.1 Model 1220 Wind Speed Module is designed to accept any 
wind speed sensor that generates a pulse or sinusoidal 
wave form. The wind speed module provides a linear DC 
signal output proportional to wind speed over the 100 
mph range.

1.2 The Standard Wind Speed Module with pulse input is 
Model 1220. Model 1222 is a dual range module for wind 
speed with a front panel switch to select either the HI 
range or the LO range.

1.3 Qualimetrics, Inc. has designed all system modules to 
be as identical as possible. Each module has a 
reference voltage for sensor excitation and/or scaling 
reference supply. An LED indicator is mounted on the 
front panel and it will illuminate when the module is 
in either LOW or HIGH calibration. A rotary switch 
selects either the OPERATE, LOW calibration, or HIGH 
calibration mode of operation. Front panel controls 
are available for adjusting the low and high span 
points for both outputs. Standard outputs are 0-5 VDC 
at output 1 and 0-10 mVDC at output 2.

1.4 Circuit component reference designations are 
standardized for all modules. The power supply uses 
1XX designations, the final output stage uses 2XX, and 
the remainder of the circuitry uses 3XX reference. 
Parts common to all modules use the same reference 
designation. As shown in Figure 1.1, many test points 
are identical for all systems, e.g., the black test 
point is system common on every module.

1.5 The final output stage (after the violet test point) is 
identical for every module, to simplify troubleshooting 
and calibration procedures. Any output device sees 
identical circuitry as it scans each channel.



COLOR DESIGNATION

Blk System common

Brn -12 VDC bus

Red +12 VDC Bus

Org Output 2

Yel Input signal

Grn Oscillator output

Blu Output 1

Vio Inverted signal

Gry Schmidt trigger input

Wht Reference Voltage

Blk/Wht One shot output

Brn/Wht Schmidt trigger output

TEST POINT DESIGNATIONS 

FIGURE 1.1



2.1
2.0 SPECIFICATIONS 

Input range .. 0-100 mph
Frequency response 0-1100 Hz
Linearity Less than 0.1%
Standard outputs 0-5 VDC; 0-10 raVDC
Power requirements +12 V at 25 mA; -12 V at 20 mA
Size 5.25" H x 1.4" W x 7.0" D 

<133 x 36 x 178 mm)
Weight/Shipping 0.4 lbs./I.5 lbs. 

(0.2 kg./0.7 kg.)
3.0
3.1

3.2

4.0
4.1

4.2

4.3

INSTALLATION
This instrument is thoroughly tested and fully 
calibrated at the factory and is ready for 
installation. Please refer to the return authorization 
card included in the packing box if damage has 
occurred. Also, notify Qualimetrics, Inc.
Be sure that the module file power supply is off before 
inserting the wind speed module. Connect cables as 
shown in Figure 3.1. Set the mode switch to LOW 
calibration position and turn system power on. Follow 
procedures in calibration section for initial scaling. 
Place the mode switch into the OPERATE position to read 
sensor measurements.
CIRCUIT DESCRIPTION
Refer to Drawing No. 1220-004 while reading the 
following text.
The Model 1220 Wind Speed Module can accept two types 
of input, a square wave or sinusoidal wave form.
As an example, the Model 2030 Micro Response Anemometer 
generates a pulsed square wave output signal. Model 
1220 pins 4 and 6 provide an excitation voltage to the 
light emitting diode (LED) in the sensor. Pin 2 is a 
reference supply for the light sensitive transistor 
while pin 8 is the pulsed signal returning from the 
sensor.

4.4 If a sinusoidal input device is used the signal will 
enter on pin 8 and be referenced to system common, pin 
4.



4.5 The input: signal at pin 8 enters the switching network, 
S301, and jumper JW301, and then the signal enters the 
non-inverting input of IC301. This operational 
amplifier performs several important tasks. First, 
through resistor R308 it references the output level to

--- a slightly value (f2.5 VDC). Since the
positive supply is 5 VDC and the gain of the amplifier 
is approximately 4.5,the output signal is clipped at 
approximately 3-»-5 VDC.

4.6 The output of IC301 goes through current limiting 
resistor, R310, and the low state is held at

J  K j\ approximately system common level by the input 
circuT^Ery^ of IC302. R311 is a pull-up resistor for 

. \ unused inputs of IC302, a Schmidt trigger. The Schmidt
I U trigger defines the on and off times more precisely for

''V?' $ !J ̂  triggering the one-shot, IC303.
4.7 Capacitor C302, diode CR303 and resistors R312 and R313 

make up a differentiator circuit to trigger the one- 
shot on the falling edge. R312 and R313 set the low 
state level while CR303 sets the high state level.

4.8 IC303 is a timer used as a one-shot with resistor R315 
and capacitor C304 as its timing elements. The time 
constant for the circuit is found from the formula

T = 1.1 RC
= 1.1 (75 K) (.01 p)
= 825 M S

An 825 micro second pulse width signal is generated by 
IC303 with voltage amplitude of 5.0 VDC. Resistor R314 
loads the circuit enough to insure a stable amplitude 
over the entire frequency range.

4.9 IC304 integrates the area under each pulse entering its 
input and provides a proportional DC output level. 
Resistors R318 and R319 are used as a gain doubling 
circuit for wind speed range select.

4.10 IC304 signal output is inverted by IC305. The gain of 
this circuit is set so that the value at the violet 
test point varies approximately 0 to -5.5 VDC.

4.11 The input to IC201 is derived from IC305 pin 6 and can 
be measured at the violet test point. This voltage is 
summed with the zero adjust voltage and enters IC201 
pin 2, the inverting input. CR201 and CR202 regulate 
the voltage across potentiometer VR202 to stabilize its 
value. Potentiometer VR202' is used to zero both 
outputs. IC201 has a variable gain due to 
potentiometer VR201 which is used to obtain the full



4. 12 

4.13

5.0
5.1

5.2

5.3

5.4

scale value at: output 1. After output 1 is set,
potentiometer VR203 is adjusted for full scale reading 
of output 2.
Voltage regulator, IC101, obtains its power from the 
+12 VDC bus referenced to common. IC 101 is a three 
lead positive voltage regulator fixed at 5 VDC.
To calibrate the circuit, a free running oscillator is 
designed for the HI calibration position of the mode 
switch. Capacitor C301 and resistors R304 and R305 
determine this frequency which is approximately 470 Hz.
CALIBRATION
Refer to the calibration curve of "the wind speed sensor 
before calibrating the module. Calibration of the 
sensor should always precede calibration of the module. 
The calibration sheet specifies that 1800 rpm is 
proportional to a particular wind speed and is equal 
to a specific frequency. Full scale range of the Model 
2030 sensor is 100 mph. Therefore, from the following 
formula we can determine the scaling value of the HI 
calibration oscillator.

V mph = F Hz + 0.52
10.19

where F Hz is the specified frequency out of the 
oscillator. See Figure 5.1 for a sample calculation.
To calibrate the module, monitor the Blk/Wht (■*■) and 
the Black (-) test points with a frequency counter or 
with an oscilloscope. Place the mode switch to the HI 
CAL position and measure the frequency. Substitute the 
measured value into the formula of Step 5.1.
Monitor with a volt meter the Blue (*) and Black (-) 
test points. Place the optional HI/LO Range switch to 
the HI position. Place the mode switch to the L0 CAL 
position. Adjust potentiometer VR202 (Signal Out 1, 
L0) for 0.000 VDC.
Place the mode switch to the HI CAL position. Adjust 
potentiometer VR201 (Signal Out 1, HI) for the 
appropriate voltage corresponding to the value from 
Step 5.2. Use the formula

V out = 5.0 VDC x V mph 
Range

where 5.0 VDC equals the full scale voltage output at 
the Blue test point, and Range equals the full scale 
range of the sensor.



V . * F_. . _ «■ 0.52
10.19

= 470 Hz - 0.52
10.19

= 46.12 ♦ 0.52 
= 46.64 mph 

Where F ■ • is the input frequency in Hertz
10.19 is the Cup Anemometer constant 
0.52 is the threshold constant 

and V .9b is the velocity in miles per hour

SAMPLE CALCULATION 
INPUT FREQUENCY vs. WIND SPEED 

Figure 5.1



5.5

5.6

5.7

5.8

5.9

5.10

5.11

5.12

6 . 0

6 . 1

6 . 2

6.3

7.0
7.1

8 . 0

Monitor the Orange (♦) and Black (-) test points. 
Adjust potentiometer VR203 (Signal Out 2, Hi) for a 
value equal to 0.002 times the value of Step 5.4.
Set the optional HI/LO Range switch to L0 and verify 
correct circuit operation.
Monitor the Blue (+) and Black (-) test points, and set 
the mode switch to the OPR (operate) position.
Connect the wind speed sensor to the module and drive 
the sensor shaft with a synchronous motor at one of the 
rpm levels listed on the sensor data sheet.
Verify that the module output corresponds to the 
velocity indicated by Step 5.8.
Repeat Sections 5.2 through 5.9 until the calculated 
values are obtained at the Blue and Orange test points.
Should the module fail to calibrate and operate as 
described above notify Qualimetrics, Inc. for immediate 
assistance.
Upon successful completion of the calibration 
procedure, turn the mode switch to the OPR position and 
place the unit into service.
MAINTENANCE
Qualimetrics, Inc. has conservatively designed all 
modules in this system. Maintenance should be limited 
to periodic calibration checks and procedures as 
described in Section 5.0.
If a failure does occur use the schematic. Drawing 
1220-004 and Section 4.0 of this manual to isolate the 
problem. Qualimetrics, Inc. Customer Service
If it is imperative that the system be operational 
immediately it is recommended that a spare module be 
kept with the system.
SCHEMATIC AND PARTS LIST
The following pages include schematics, assembly 
drawings, and parts lists for this instrument. Please 
note that the parts lists are arranged in 
assembly/subassembly form. Each subassembly is on its 
own page. Subassemblies and parts are listed in the 
smallest economical size available from Qualimetrics, 
Inc.
WARRANTY



8.1 All instruments are warranted for one year, unless
otherwise specified, against defects in material or 
workmanship. Should any instrument prove to be
defective within the warranty period, upon written 
notice and return of the instrument freight prepaid, 
Qualimetrics, Inc. will, at its option, repair or 
replace the defective unit and return it freight 
collect. Instruments abused, improperly used or 
installed, and modified or altered by others may cancel 
warranty.
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MICRO RESPONSE VANE 
MODEL 2020

1.0 INTRODUCTION
1.1 The Model 2020 Micro Response Vane is a highly responsive 

analog output wind vane. The vane is equipped with a struc
tural plastic tail with a durable aluminum filled plastic 
coating. The vane body is a precision machined aluminum 
housing with a clear anodized finish. Stainless steel 
shafts, bearings and fittings are used throughout. A pre
cision potentiometer is coupled to the vane shaft to pro
vide an analog output proportional to wind direction. An 
airfoil style counter-weight provides precision balance of 
the tail assembly upon the shaft. A quick release water
proof connector is provided for cable terminations.

1.2 The base of the sensor has a mounting collar which fits 
onto the Model 20231 Mast Adapter or the Model 2023 Cross- 
arm. The 20231 Mast Adapter is for mounting a single sen
sor onto a pipe stub or mast with a 1 .0 inch outside dia
meter. The 2023 crossarm provides mounting for a 2020 with 
an anemometer such as Model 2030 at the same elevation on 
a pipe stub or a mast with a 1.0 inch outside diameter.

2.0 SPECIFICATIONS
2.1 Sensor type....... .......................... Rotating vane

Transducer....................... Potentiometer, 5000 ohm,
make-before-break single wiper, 

continuous turning
Threshold......................................... 0.5 mph
Dead band.....................................  1.0° at 0°
Resolution........................... ......Less than 1.0°
Distance constant..........................  3.5* (1.07 m)
Damping ratio......................................... 0.4
Potentiometer linearity.............................  0.5$
Bearing............................ Sealed stainless steel

with synthetic lubricant
Turning radius..............................  18” (457 mm)
Operating temperature range..................  -15 to 55°C
Body size..............................  12"H x 2-3/4" dia

(305 mm H x 70 mm dia)
Weight/Shipping..........................  2.5 lbs/7.0 lbs

(1.13 kg/3-18 kg)
Mounting....................... Direct to crossarm or with

adapter to 1" (25.M mm) O.D. mast



3*1 This instrument is thoroughly tested and fully calibrated 
at the factory and is ready for installation. Please refer 
to the return authorization card included in the packing 
box if damage has occurred. Also, notify Qualimetrics, 
Inc.

3.2 The Model 2020 Micro Response Vane is shipped complete 
with a tail assembly, counter-weight and mating electrical 
connector. The mating connector will be attached to the 
cable if cable was included with the order. The vane will 
mount directly onto the Model 2023 Crossarm Assembly. An 
accessory Model 20231 Mast Adapter may be ordered to allow 
the vane to be mounted onto a 1" O.D. mast.

3.3 Assembly: With exception of installing the tail and 
counter-weight, the Model 2020 Micro Response Vane is com
pletely assembled and ready for mounting. The tail and 
counter-weight are installed as described in Steps 3.4 to 
3.7.

3.4 The counter-weight is generally shipped unattached and is 
located inside the packing carton of the 2020 housing. The 
vane tail is packed inside a folded cardboard container 
taped onto the side of the 2020 carton.

3.5 Slide the vane tail shaft into the vane hub, entering the 
hub at the side opposite the scribe mark. Do not tighten 
the set screw on the hub at this time.

3.6 Install the counter-weight, making certain the vane tail 
shaft is fully engaged. Tighten the counter-weight set 
screw.

3-7 Hold the vane in a horizontal position and slide the tail 
shaft through the hub until the counter-weight exactly 
balances the tail weight and the vane does not turn when 
placed in any horizontal position. When balance is 
achieved tighten the hub set screw making certain the tail 
is aligned with the axis of the vane. This procedure must 
be performed in an area free of drafts and air currents.

3.8 Definition: Wind direction is defined as the direction of 
the source of the wind flow and measured in degrees from 
true North in a clockwise increasing angle. Example: A 
West wind or a 270° wind originates or comes from the West 
and is moving in an Eastward direction.

3.9 Site Selection: Location of the sensor is critical for 
accurate wind measurements. The standard exposure of an 
anemometer or vane over open, level terrain is 10 meters

3.0 INSTALLATION



above the ground. Open, level terrain is defined as level 
ground with no obstruction within 300m. In locations where 
obstructions are not large and are distributed more or 
less evenly (i.e., residential), the sensor can be placed 
at an effective height of h + 10 meters, where h is the 
approximate height (in meters) of the various obstacles. 
As a common example, in a location where trees and build
ings reach to about 5 meters high, the sensors must be 
placed on a 15 meter mast to avoid erroneous results.
In areas where large obstructions do exist within 300 
meters of the sensor, the following table can be used to 
calculate the proper height of the sensor (h is the height 
of the obstruction).

Minimum height above ground 
Distance of obstruction level of anemometers

h 1.75h to 2.25h
5h 1.67h
10h 1.50h
20h 1.25h
25h 1 .13h 
30h h

TABLE 3.1

Thus if there is a building 10 meters high and 50 meters 
away, the anemometer should be at least 16.7 meters above 
the ground; but if the same building is 200 meters away 
the sensor could be lowered to 12.5 meters.
1 Handbook of Meteorological Instruments, 2nd Edition. 
Measurement of Surface Wind, Volume. London, HMS0: 1881
When the sensor is mounted on a building, the building 
itself disturbs the wind flow and must be taken into ac
count before installation. For large buildings (i.e., ex
cluding such things as lighthouses, and skyscrapers), the 
sensor must be mounted as far away from the building edge 
as possible and at a height at least 3/** the height of the 
building. Thus with a large building 28 meters high, a 
roof top tower at least 21 meters should be used for mount
ing.
Mounting: Model 2020 Micro Response Vane mounts directly 
onto the Model 2023 Crossarm without any additional acces
sories. The crossarm is generally used to mount one each 
Model 2020 Vane and one each Model 2030 Micro Response 
Anemometer. If the Model 2020 Vane is to be mounted separ
ately, a Model 20231 Mast Adapter should be ordered as an 
accessory. This mast adapter will accept a mast with an 
outside diameter of 25 mm (1") or schedule *10 pipe.



3.13 Orientation: The Model 2020 Micro Response Vane must be 
correctly oriented as to direction. The axis of the vane 
should be as close to vertical as possible. The vane may 
be correctly oriented as to direction (azimuth) as des
cribed in Sections 3*14 to 3.18.

3.14 The crossarm and/or mast should be locked into the operat
ing position. To aid in sensor orientation, crossarm can 
be positioned in a North-South direction using the two 
mounting pins as targets.

3.15 The vane should be positioned onto the mast adapter with 
the dowel pin aligned with the mating hole in the vane 
housing. Once alignment is properly attained the housing 
will set onto the adapter. The crossarm has an identical 
dowell pin arrangement.

3.16 Tighten the clamp screw at the base of the vane. Align the 
scribe mark on the body with the scribe mark on the hub by 
rotating the hub and tail assembly. Hold the two marks in 
alignments An easy way to accomplish this task is to use 
Model 1249-A Wind Direction Calibrator.

3.17 Loosen the clamp cap screw at the end of the crossarm to 
allow the vane and pin to turn as a unit. On the mast 
adapter, loosen the mast set screws.

3.18 Using a reference point, and a transit or compass, rotate 
the vane body until the vane counter-weight points to true 
North. Tighten the cap screw on the crossarm clamp or the 
set screws on the mast adapter. Remove the calibrator from 
the vane, hub and body to allow free rotation of the tail. 
This completes the orientation.

3.19 When removing the vane assembly do not disturb the posi
tion of the pin on the crossarm or in the case of the mast 
adapter, the position of the adapter. The orientation will 
be maintained and the vanes may be replaced or reinstalled 
without repeating the orientation.

3.20 Install a three wire No. 20 AWG cable in the mating con
nector using care in the soldering and cable dress. Re
place the connector back shell forming a waterproof assem
bly. The connector is a quick release type and only re
quires a quarter turn of the nut to lock in place. Do not 
tighten with a wrench. Connections are as shown in Drawing 
2020-004. If cable is ordered with the sensor, the connec
tor will be attached at the factory. To order cable speci
fy Part Number T600503*

4.0 THEORY OF OPERATION
4.1 Changes in the wind direction are sensed mechanically by a 

balanced vane assembly. The mechanical motion is trans-



f o r m e d  into an el e c t r i c a l  signal th rough a shaft which 
couples the vane to a potentiometer.

The potentiometer used in Model 2020 has a long electrical 
angle and is a raake-before-break 5000 ohm r e s istiv e e l e 
ment. The actual element is a wire wound device to help 
increase the life of the sensor.
Pr o t ective  zener diodes are attached across the excitation 
lead and the wiper lead to the common lead. The d i o d e s  
help quench transients induced by external sources.

The potentiometer is excited by a +5 VDC regulated source. 
A 2500 ohm res istor is placed in series with the +5 VDC 
source to protect the source when the ma ke-before -break 
contact occurs and to protect the p o t e n t i o m e t e r  element 
against a dead short in the +5 VDC power source. The volt
age generated at the potentiometer wiper varies from 0 to 
3 . 333 VDC as a direct function of the wind direction vari
ations.
The make-before-break feature of the potentiometer is used 
in conjunction with electronic circuitry to create a 0-540 
degree system. An additional 180 degrees is added electri
cally by the circuit to prevent p a i nting of strip chart 
recorders.

CALIBRATION
Refer to the a p p r o p r i a t e  signal c o n d i t i o n i n g  manual for 
system calibration instruct ions.
Check the Model 2020 sensor for correct operation prior to 
making any adjustments to the system electronics.
To check the operation, use a voltmeter or multimeter and 
measure across the potentiometer. USE CAUTION. Set to m e a 
sure 1 k ohms minimum. Observe polarity of the test leads. 
The zener diodes will give faulty rea dings if the test  
lead pol arit ie s are reversed. Using the sensor cable sup
plied by Qualimetrics, place the ( + ) test probe onto the 
red wire and the (-) test probe onto the black wire. The 
indication will be an increasing voltage or re si sta nce for 
a c l o c k w i s e  motion of the vane as viewed from directly  
above the shaft cap.

M e a s u r i n g  across the white ( + ) wire and black (-) wire 
will give the total re s i s t a n c e  of the p o tentiom et er. The 
value should be 5000 ohms plus or minus 5%. A more accur
ate measurement is ob ta ined acros.s the red ( + ) and black 
(-) wires while rotating the vane slowly to its maximum 
position just before the make-before-break point. Several 
readi ng s should be made using this second method, with an 
average value made from the readings.



5.5 Alignment of the potentiometer with the North alignment 
marks on the sensor housing is accomplished by monitoring 
the sensor as describe in Step 5.4 and rotating the poten
tiometer body.

5.6 To rotate the potentiometer body loosen the 2 clamping 
screws on the potentiometer mounting plate.

5.7 While holding the North alignment marks stationary and in 
line with each other, rotate the potentiometer body until 
the signal output reads either 5k ohms or zero ohms (3-333 
VDC or zero VDC).

5.8 Tighten the clamping screws and remeasure the output to 
check for changes during tightening of the screws. Repeat 
Step 5.7 if necessary.

5.9 Verify sensor operation prior to reinstalling the sensor. 
Always verify sensor operation after each realignment and 
especially after any service requiring disassembly of the 
housing.

6.0 MAINTENANCE
6.1 Periodic maintenance m-ust be performed on the sensor to 

prevent severe corrosion build-up and to check the bear
ings and sensor operation.

6.2 The vane shaft coupled to the potentiometer should turn 
freely at all times. Rough motion indicates worn bearings 
either in the potentiometer or in the sensor body. Deter
mine which bearings are faulty by decoupling the potentio
meter from the main shaft.

6.3 Replace bearings as required. The potentiometer is not 
serviceable and must be replaced if bearings are faulty or 
if the resistive element is worn.

6.4 Disassembly of the sensor housing is relatively simple. 
Refer to assembly drawing 2020-003 for parts identifica
tion.

6.5 The potentiometer must be unsoldered from the housing con
nector before it can be removed from the housing. The 
potentiometer is accessed by removing 3 screws from the 
base of the housing and removing the base from the hous
ing.

6.6 Two screws with flat washers secure the potentiometer into 
place inside the housing. Remove the mounting screws and 
gently lower the potentiometer and shaft.



The main sensor shaft is held in place by the potentio
meter. The two parts are fastened together at the shafts 
by a spring pin.

6.8 The sensor cap is secured to the flat of the shaft by an 
alien-head set screw.

6.9 Since corrosion is the main problem associated with wind 
sensors, apply a thick coating of silicon lubricant to the 
connector shell after the connector is attached and in 
place. Also use a non-corrosive lubricant such as bee wax 
on all screws and fasteners whenever disassembly of the 
sensor is required. The use of these lubricants will make 
servicing of the sensor easier and will prevent seizure of 
the fastening hardware. It is also advisable to apply lu
bricant to the mounting adapter surfaces prior to final 
sensor installation. A commercial grade lubricant recom
mended for use is DOOR-EASE and is available at hardware 
and automotive stores.

6.10 Use great care in disassembly and reassembly of the sen
sor. Never use excessive force to make parts fit together. 
Over tightening of fasteners will either break the fasten
er or damage the machined threads of the sensor. Refer to 
Step 5.5 after reassembly of the sensor is complete.

6.11 Any difficulties encountered during servicing that are not 
correctable by the user should be referred to the Quali
metrics Customer Service Department.

7.0 SCHEMATIC & PARTS LIST
7.1 The following pages include schematics, assembly drawings, 

and parts list for this instrument. Please note that the 
parts lists are arranged in assembly/sub-assembly form. 
Each sub-assembly is on its own page. Sub-assemblies and 
parts are listed in the smallest economical size available 
from Qualimetrics.

8.0 WARRANTY
8.1 All instruments are warranted for one year, unless other

wise specified, against defects in material or workman
ship. Should any instrument prove to be defective within 
the warranty period, upon written notice and return of the 
instrument freight prepaid, Qualimetrics will, at its op
tion, repair or replace the defective unit and return it 
freight collect. Instruments abused, improperly used or 
installed, and modified or altered by others, may cancel 
warranty.
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MICRO RESPONSE ANEMOMETER 
MODEL 2030

INTRODUCTION
The Model 2030 Micro Response Anemometer is a highly re
sponsive three cup anemometer which utilizes a photon coup 
led chopper to produce a pulse output with frequency pro
portional to wind speed. The threshold of this anemometer 
is 0.5 miles per hour. The entire anemometer assembly with 
exception of the photon coupled chopper is made from stain
less steel or anodized aluminum. A quick release water
proof connector is provided. The Model 2030 Anemometer is 
normally used in conjunction with the Model 1220 and 1280 
Wind Speed Signal Conditioning Modules. The module pro
vides an analog signal output proportional to wind speed.
SPECIFICATIONS
Threshold........... ..............................  0.5 mph
Accuracy............................  ±.15 mph up to 25 mph

1 % above 25 mph
Distant constant.... ............................... 5 feet
Range........................ ....... 0-100 mph or 0-45 m/s
Cup material.......................  0.004" stainless steel
Turning radius........................................  3.8"
Body size..............................  12"H x 2-3/4" dia.

(305 ram H x 70 mm dia.)
Weight/Shipping............. 2.5 lbs/7 lbs (1.1 kg/3.2 kg)
Mounting........................ Direct to crossarm or with

adapter to 1" (25.4 mm) O.D. mast 
Photon chopper current..............................  20 mA
INSTALLATION
This instrument is thoroughly tested and fully calibrated 
at the factory and is ready for installation. Please refer 
to the return authorization card included in the packing 
box if damage has occurred. Also, notify Qualimetrics, 
Inc.
Assembly: With exception of installing the cup assembly, 
the Model 2030 Micro Response Anemometer is ready for 
mounting. Install the cup assembly as described in Sec
tions 3.3 to 3.5.

Loosen the two No. 6 Allen set screws and slide the cup 
assembly over the anemometer shaft. Be certain that the 
flat on the shaft faces towards.the set screw position.



The cup assembly hub should slide down over the shaft and 
body and seat the shaft ring. When c o r r e c t l y  in place 
there should be about a 0.050 inch clearance between the 
skirt of the hub and the shoulder of the body. T i ghten  
both set screws„
Spin the cup assembly by hand to assure smooth operation. 
The cup wheel should coast to a smooth jstop.
Site Selection: Location of the sensor is critical for 
accurate wind measurements. The standard exposure of an 
anemometer or vane over open, level terrain is 10 meters 
above the ground. Open, level terrain is defined as level 
g r o u n d  wi t h  no obstruction within 300 m. In locations 
where obstructions are not large (e.g., residential) and 
are distributed more or less evenly, the sensor can be 
placed at an effective height of h + 10 meters, where h is 
the approximate height (in meters) of the various obsta
cles. As an example, in a location where trees and build
ings reach to about 5 meters high, the sensors must be 
placed on a 15 meter mast to avoid erroneous results.
In areas w h e r e  large obstructions do exist within 300 
meters of the sensor, the following table can be used to 
calculate the proper height of the sensor (h is the height 
of the obstruction).

Minimum height above ground 
Distance of obstruction level of anemometers

h 1.75h to 2.25h
5h 1.67h

10h 1.50h
20h 1.25h
25h 1.13h
30h h

TABLE 3.11
1. Handbook of Meteorological Instruments, 2nd Edition. 
Measurement of Surface Wind, Volume 4. London, HMSO: 1981
Thus if there is a building 10 meters high and 50 meters 
away, the anemometer should be at least 16.7 meters above 
the ground; but if the same building is 200 meters away 
the sensor could be lowered to 12.5 meters.
W he n  the sensor is mounted on a building, the building 
itself disturbs the wind flow and must be taken into ac 
count before installation. For large buildings, except 
things such as lighthouses, and skyscrapers, the sensor 
must be mounted as far away from the building edge as pos
sible and at a height at least 3/4 the height of the build
ing. Thus with a large building 28 meters high, a roof top 
tower at least 21 meters should be used for mounting.



3.9 The Model 2030 Micro Response Anemometer mounts directly 
to the Model 2023 Crossarm without any additional acces
sories. The crossarm is generally used to mount one each 
Model 2030 Anemometer and one each Model 2020 Vane to form 
a wind speed and direction measuring set. If the Model 
2030 Anemometer is to be mounted separately, a Model 20231 
Mast Adapter should be ordered as an accessory. Both the 
Model 2023 Crossarm and the Model 20231 Mast Adapter will 
mount onto a mast with an outside diameter of 1” (25.4 mm) 
or 3/4” schedule 40 pipe. Set screws are provided to fast
en the adapter to the mast. The lower part of the anemo
meter body will slip over the pin on the crossarm or the 
mast adapter. With the anemometer in place, tighten all 
mounting screws. The anemometer should be mounted with its 
axis as close to vertical as possible to provide for best 
measurement of horizontal wind movement. If it becomes 
necessary to remove the sensor from the mounting adapter 
or crossarm, loosen only the screw on the sensor base. Do 
not remove the mounting pin from the crossarm or the mast 
adapter from the mast. Reinstallation of the sensor is 
facilitated in this procedure.

3.10 Install a four wire 20 AWG cable into the mating connector 
using care in soldering and cable dressing. Replace the 
connector back shell forming a waterproof assembly. The 
connector is a quick release type and requires only a 
quarter turn of the nut to lock in place. Do not tighten 
with a wrench. Connections are a shown in Figure 3-1*

A A SLK 4

WIND - B B GRN 8 WIND
SPEED --rs j * SPEED
SENSOR S — C C WHT 2 MODULE

MODEL 1220
D D RED 6

FIGURE 3.1

4.0 CIRCUIT DESCRIPTION
4.1 The photon coupled chopper consists of two parts. A light 

emitting diode in combination with a light sensitive tran
sistor is mounted directly to the anemometer connector. A 
slotted wheel connected to the anemometer shaft interrupts 
the light beam between the light emitting diode and the 
photon transistor. This interruption of light causes a 
change in the transistor collector to emitter current.



FREQ.
(HZ.)

25
30
60

150
450
504
750
900

1014
1021

1135

ANEMOMETER MODEL 2030

SHAFT SPEED WIND SPEED WIND SPEED
REV/MIN mph m/s

50 3.0 1.33
60 3.5 1 .55

120 6.4 2.9
300 15.24 6.8
900 44.7 20.0

1008 50.0 22.4
1500 74.1 33.1
1800 88.8 39.7
2027 100.0 44.7
2042 100.7 45.0
2270
I $ Xy

CALIBRATION 
FIGURE 5.

111.9
^0,0

TABLE
1

50.0



These changes in current are amplified and conditioned in 
the Model 1220 Wind Speed Signal Conditioning Module to 
provide an analog output signal proportional to frequency.

5.0 CALIBRATION
5.1 The slotted wheel has 30 slots giving thirty electrical 

pulses per revolution. The output frequency of the anemo
meter -may be determined by the following equation:

Fh z * 10.19 (V mph - 0.52).
where F h z  is the frequency in Hertz and Vmph is the velo
city in miles/hour.

5.2 C a l i b ration data in Figure 5.1 has been developed from 
operating the anemometer in a wind tunnel equipped with 
NBS traceable measuring instruments.

5.3 The Model 1220 Wind Speed Signal Conditioning Module is 
equipped with a calibration feature consisting of a con
stant frequency oscillator and a switch to apply the os
cillator to the signal conditioning circuitry. This fea
ture allows the operator to quickly set up the output sig
nals for zero and full scale values. Refer to the manual 
for the Model 1220 for additional information.

5.4 To verify the calibration of the anemometer, rotate the 
anemometer shaft at one of the known rpm values shown in 
Figure 5.1 and measure the sensor output with a frequency 
counter or* oscilloscope. If module Model 1220 is part of 
the system, place the module into the OPERATE mode and 
measure the frequency between the BLK/WHT and the BLK test 
points (TP110 and TP100). The measured frequency should 
equal the value indicated in the calibration table.

6.0 MAINTENANCE
6.1 Periodically the anemometer bearings should be inspected 

for wear. The bearings are sealed and protected to prevent 
dirt and moisture from entering. With time the seals will 
no longer prevent dirt from entering the bearing race and 
the bearings may fail. The bearings may be replaced in the 
field or the anemometer may be returned to Qualimetrics 
for servicing.

6.2 Since corrosion is the main problem associated with wind 
sensors, apply a thick coating of silicon lubricant to the 
c onnector shell after the connector is attached and in 
place. Also use a non-corrosive lubricant such as bee wax 
on all screws and fasteners whenever disassembly of the 
sensor is required. The use of these lubricants will make 
servicing of the sensor easier and will prevent seizure of 
the fastening hardware. It is also advisable to apply lu



bricant to the mounting adapter surfaces prior to final 
sensor installation. A commercial grade lubricant recom
mended for use is DOOR-EASE and is available at hardware 
and automotive stores.

6.3 Follow Sections 6.4 to 6.12 to replace the bearings in the 
field.

6.4 Remove the cup wheel.
6.5 Remove the electrical receptacle-photon coupled chopper by 

removing four each 4-40 screws and sliding out the entire 
unit.

6.6 Remove the lower body section by removing three each 6-32 
screws.

6.7 Remove the E-clip from the shaft at the top of the unit 
and slide the entire shaft down out of the unit taking 
care not to bend the shaft.

6.8 Lift out the upper bearing by working a knife edge under 
the flanged outside race.

6.9 Using a rod of about 1/4" diameter passed down from the 
top, carefully knock out the lower bearing.

6.10 Clean all parts.. Install new bearings. Press in place by 
applying pressure only to the o uter race. The bearing 
could be damaged by pressing against the inner race.

6.11 Re-assemble all parts in the reverse order of disassembly. 
Check for free and smooth rotation of the shaft before and 
after i n s t a l l i n g  the cup wheel. The receptacle-photon 
coupled chopper assembly should be i n s t a l l e d  with the 
large connector key toward the top of the unit. Wipe clean 
the lens areas of the chopper with a soft cloth prior to 
assembly.

6.12 Should any problem occur with the photon coupled chopper 
the entire connector-chopper assembly should be ordered 
and replaced. Check for proper excitation current polarity 
and also photo transistor circuit polarity prior to con
nection of power to the new assembly.

6.13 Use great care in disassembly and reassembly of the sen
sor. Never use excessive force to make parts fit together. 
Over tightening of fasteners will either break the fast
ener or damage the machined threads of the sensor.

6.14 Any difficulties encountered during servicing that are not 
correctable by the user should be referred to the Quali
metrics Customer Service Department.



7.0 SCHEMATIC AND PARTS LIST
7.1 The following pages include schematics, assembly drawings, 

and parts list for this instrument. Please note that the 
parts lists are arranged in assembly/subassembly form. 
Each subassembly is on its own page. Subassemblies and 
parts are listed in the smallest economical size available 
from Qualimetrics.

8.0 WARRANTY
8.1 All instruments are warranted for one year, unless other

wise specified, against defects in material or workman
ship. Should any instrument prove to be defective within 
the warranty period, upon written notice and return of the 
instrument freight prepaid, Qualimetrics will, at its op
tion, repair or replace the defective unit and return it 
freight collect. Instruments abused, improperly used or 
installed, and modified or altered by others, may cancel 
warranty.
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SIGNAL LINES SURGE PROTECTION 
PRINTED CIRCUIT BOARD 

MODEL 10643

1.0 INTRODUCTION
1.1 The Signal Lines Surge Protection is assembled onto a sin

gle printed circuit board, Model 10643. The assembly pro
vides protection against surge currents created by light
ning or nearby electrical sources external to the meteoro
logical instrumentation. The circuit board contains compon
ents and terminals for 20 input signal lines.

1.2 The Model 10643 has been designed for use inside Quali
metrics, Inc. junction boxes where the meteorological in
struments are mounted onto a tower or mast with the junc
tion box installed at the tower base. The junction box, 
grounding cable, ground rods, clamps and interconnecting 
wiring are all ordered separately or are included in other 
products such as the junction box assembly Model 1078-A.

1.3 Two terminal strips with 20 terminals each provide posi
tions for the termination of the sensors and the modules. 
The sensor cables are wired into the terminal marked TB1 
and the modules or data collection system cables are con-1 
nected into terminal block 2, T B 2 . The individual wires 
from each cable are separated and connected to the ter
minal blocks, one wire per terminal. As an example, the 
Wind Speed Sensor Model 2030 requires a 4-wire cable to 
transmit the sensor signal and provide power to the sen
sor. To connect the 2030 cable to the Model 10643, ter
minals 1, 2, 3, and 4 would be used and, the white wire 
would be connected to terminal 1 , the black wire to ter
minal 2, the red wire to terminal 3. and the green wire to 
terminal 4. Similarly a separate 4 wire cable would be 
used to connect to terminals 1, 2, 3 and 4 on terminal 
block 2 to transmit the signal from the 10643 to the data 
collection equipment. For large systems, a single, multi
ple conductor cable such as T600225 (25 wires) is recom
mended for connecting the 10643 to the data collection 
equipment to simplify system wiring and to make cabling 
through conduit much easier.

2.0 SPECIFICATIONS
2.1 Static DC breakdown Ego.......................... 145 V ±20$

Surge sparkover voltage,
El at 5 K V y S ..........................................  580 V

Rated discharge current
IrS 6 x 20 to 10 x 20 uS Wave....................  5 KA



Maximum follow current.... 
Rated AC discharge current 
Insulation resistance

30 amperes peak 
. 5 amperes rms

RKa at 100 VDC...........Capacitance.....................
Maximum DC holdover voltage E^o 
Spark Arrestor Size............

...Greater than 109 ohms

........Less than 2.5 pf

..............  100 volts
0.25" thick x 0.35" dia.

with 2" leads 
(6 x 9 x 50 ram leads)

Number of sensor lines: 
Model 10643....... 20 maximum

3.0
3.1

3.2

3.3

3.4

3.5

3.6

INSTALLATION
This instrument is thoroughly assembled and inspected at 
the factory and is ready for installation. Please refer to 
the return authorization card included in the packing box 
if damage has occurred. Also, notify Qualimetrics, Inc.
The Model 10643 is ready to be installed into a junction 
box as it is received from the factory. If a junction box 
such as Model 1064 is included in the system, the 10643 
will be factory installed into the junction box prior to 
shipment to the customer.
The Model 10643 must be mounted away from any metallic 
surfaces. The use of standoffs approximately 1 inch long 
is recommended for correct spacing. Portions of the board 
are wired to earth ground, however, the connecting cir
cuits up to these components must not be grounded or loss 
of signal will occur.
Prior to attaching the signal cables, connect the ground 
plane of the 10643 to a ground rod. Use #4 or #6 AWG cop
per wire and connect to earth ground in the shortest most 
direct manner available. Avoid sharp bends, twists, and 
kinks in the ground wire. The ground plane, is the silvered 
portion of the board between TB1 and TB2. Use the large 
bolt hole and attach a #4 ground lug to the board in order 
to attach the cable.
Attach the sensor signal lines to T B 1 . For best results 
and ease in sy st em  t r o u b le sh oo ti ng , connect the s e n s o r  
wires in the order of their connection to the signal condi
tioning modules. Similarly, attach the cables to the s i g 
nal conditioning to TB2.
Any terminals used with relative humidity probes such as 
Model 5120-B must have the 10643 resistor shorted by a 
jumper wire on each of the sensor wires. Humidity probes 
such as Model 5120 must have the resistor and the inductor 
shorted by jumper wires.
THEORY OF OPERATION



4.1 The Model 10643 is an improved version of previously con
structed signal lines surge arrestor assemblies. The use 
of a printed circuit style assembly reduces the space re
quirements of the assembly as well as improves the ground
ing of the components to the ground plane.

4.2 The surge protection is provided by gas tube arrestors 
which are self quenching and feature extremely fast re
sponse to transients, and the ability to withstand high 
follow currents.

4.3 Each gas tube arrestor has two metal electrodes forming a 
discharge gap characterized as an open circuit under nor
mal conditions. The arrestor represents only a very small 
capacitance and no resistance to the circuit it protects.

4.4 When a surge occurs and exceeds the breakdown voltage of 
the arrestor, the internal gap becomes intensively ion
ized, conducting currents within fractions of a microse
cond. The arrestor is then virtually a short circuit until 
the voltage returns to normal. Ionization and deionization 
occur extremely fast due to the type of gas in the tube 
and the physical configuration employed in the design.

4.5 The resistor and inductor used in conjunction with the 
spark-gap tube and the dual zener diodes act to slow and 
quench surge currents, especially those that are below the 
ionization threshold of the spark-gap tube.

4.6 Refer to drawing 10643-004 for the assembly and schematic 
views of the Model 10643*

5.0 CALIBRATION
5.1 Calibration of the Model 10643 is not required.
6.0 MAINTENANCE
6.1 The Model 10643 should have regularly performed inspec

tions of the terminals to insure good mechanical connec
tion, especially in locations where the junction box is 
subject to frequent or severe vibrations which can occur 
on tower mounted instruments.

6.2 Inspection of the 10643 should also be performed to locate 
and correct any corrosion that may occur due to moisture 
or chemical action.

6.3 Any severely corroded or damaged components must be re
placed immediately.

6.4 The spark gap arrestors will not give any indication 
should there be a failure in the open state. A spark gap



or zener diode pair which fails in the closed or shorted 
states will be noticeable due to the loss of signal at the 
data collection instruments.

6.5 Notify Qualimetrics, Inc. for replacement or repair of any 
damaged or failed components. Should there be a require
ment for immediate resumption of system operation follow
ing a component failure, Qualimetrics, Inc., recommends 
that a spare Model 10643 be purchased and stored at the 
system site.

7.0 SCHEMATIC AND PARTS LIST
7.1 The following pages include schematics, assembly drawings, 

and parts list for this instrument. Please note that the 
parts lists are arranged in assembly/subassembly form. 
Each subassembly is on its own page. Subassemblies and 
parts are listed in the smallest economical size available 
from Qualimetrics.

8.0 WARRANTY
8.1 All instruments &re warranted for one year, unless other

wise specified, against defects in material or workman
ship. Should any instrument prove to be defective within 
the warranty period, upon written notice and return of the 
instrument freight prepaid, Qualimetrics will, at its op
tion, repair or replace the defective unit and return it 
freight collect. Instruments abused, improperly used or 
installed, and modified or altered by others, may cancel 
warranty.

8.2 Due to the nature of lightning and the internal properties 
of the lightning arrestor, Qualimetrics Inc. does not pro
vide a warranty for the arrestor. All other products used 
in Models 1078-A are covered by Step 8.1.
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ELECTRICALLY HEATED

For areas where precipitation occurs in a frozen 
form, electrically heated rain and snow gages are 
available. Each gage includes 4 separate heaters. A 
NiChrome wire heater wraps around the collection 
funnel to melt the precipitation for measurement. A 
second NiChrome wire heater warms the internal 
components and the gage base to prevent refreezing of 
the water inside the gage. In addition, a cartridge 
heater is plugged into each of the gage drain tubes so 
that the measured precipitation passes out of the gage 
freely without freezing on contact with the cold outside 
air. The funnel and the base heaters are controlled by 
thermostats; the drain tube heaters are continuous 
duty. Either 115 VAC or 230 VAC may be used as input 
power.

Two types of electric snow gages are available. The 
6021 Series gages feature an 8-inch-diameter collection 
funnel, while funnel of the 6028 Series gages is 12 
inches in diameter. The larger orifice provides the 
maximum sampling area, resulting in improved catch.

The melted precipitation is funneled into one of two 
tipping buckets inside the gage. The bucket tips when a 
given amount of water has been collected. The 6021 
gages may be calibrated to a resolution of either 0.01 
inch or 0.1 mm. The 6028 gages feature a resolution of 
0.01 inch or 0.25 mm. As the bucket tips, it causes a 
magnet to pass over a mercury-wetted reed switch, 
closing the switch momentarily. Measurement accuracy 
is 0.5% at a precipitation rate of 0.5 inch per hour.

These gages are designed for many years of accurate, 
trouble-free operation. They are constructed entirely 
of corrosion-resistant materials including aluminum, 
nickel-plated brass, and stainless steel. A built-in level 
and predrilled feet aid in proper installation.

^  Weather/Measure 
WEATHERtronfcs

Division of QUALlMFTRlCS foe. 1987-88 Catalog ■ P.O. Box 4

RAIN AND SNOW CAGE
SPECIFICATIONS

Sensor type Tipping bucket
Output 0.1-second switch closure
Switch Form A reed, mercury-wetted
Sensitivity:

Models 6021-A, -C 1 tip per 0.01"
Models 6021-B, -D 1 tip per 0.1 mm
Models 6028-A, -C 1 tip per 0.01"
Models 6028-B, -D 1 tip per 0.25 mm

Accuracy 0.5% at 0.5"/hr.
Capacity Unlimited
Collector orifice:

6021 Series 8.214" dia. (208 mm)
6028 Series 12" dia. (305 mm)

Heaters:
Funnel

*
NiChrome wire in foil, 500 W, thermostatically 
controlled

Base NiChrome wire in foil, 150 W, thermostatically 
controlled

Drain tubes 2, cartridge, 20 W ea., continuous duty
Thermostat setpoint:

Funnel heater Approximately 52°F (11 °C)
Base heater Approximately 42°F (6°C)

Operating 
temperature range -13 to 104°F (-25 to 40°C)

Input voltage:
Models 6021-A, -B 115 VAC, 60 Hz
Models 6021-C, -D 230 VAC, 50 Hz
Models 6028-A, -B '115 VAC, 60 Hz
Models 6028-C, -D 230 VAC, 50 Hz

Size:
6021 Series 8.25" dia. X  17.5" H (210 X  445 mm)
6028 Series 12.5" dia. X 18" H (318 X  457 mm)

Weight/shipping:
6021 Series 8 lbs./15 lbs. (3.6 kg/6.8 kg)
6028 Series 16 lbs./30 lbs. (7.3 kg/13.6 kg)

ORDERING INFORMATION
Model
6021-A Electrically Heated Rain and Snow Cage, 0.01 "/tip, 115 VAC; 

less power cable
6021-B Electrically Heated Rain and Snow Gage, 0.1 mm/tip, 115 

VAC; less power cable 
6021-C Electrically Heated Rain and Snow Gage, 0.01"/tip, 230 VAC; 

less power cable
6021-D Electrically Heated Rain and Snow Gage, 0.1 mm/tip, 230 

VAC; less power cable 
6028-A Electrically Heated*12" Rain and Snow Gage, 0.01"/tip, 115 

VAC; less power cable 
6028-B Electrically Heated 12" Rain and Snow Gage, 0.25 mm/tip, 

115 VAC; less power cable 
6028-C Electrically Heated 12" Rain and Snow Gage, 0.01"/tip, 230 

VAC; less power cable 
6028-D Electrically Heated 12" Rain and Snow Gage, 0.25 mm/tip, 

230 VAC; less power cable 
6410 Precipitation Gage Wind Screen
60211 Heater Kit Option, to convert 6011 Series gage to 6021 

Series; 115 VAC input; less power cable
60212 Same as 60211 except 230 VAC input
T600502 2-conductor, 20 AWG shielded cable to connect rain gage 

to output device 
T600723 Power cable, 3-conductor, 16 AWG
NOTE: The 6021-A  was formerly known as Model P511-A in the 

WeatherMeasure line.

■ Sacramento, California 95841 ■ (916) 923-0055 ■ Telex: 377-310
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INTRODUCTION

The INTELLI SENSOR* Digital Barometer/Altimeter measures 
pressure 10 times per second and makes it available in digital 
format to a terminal or computing device. The barometer can 
output pressure, altitude or altimeter setting. Altitude is 
computed from the pressure based on the U.S. standard atmosphere. 
Altimeter setting is computed from the pressure and a fixed 
specified altitude. Groups of readings can be averaged before 
transmission. Data are available on a serial port in ASCII coded 
format or on an 8 bit parallel port in either ASCII or binary 
coded format. Modes of operation are selected by jumpers inside 
the barome ter.

The barometer is housed in a sealed aluminum case, uses a 
stable capacitance type pressure sensor, and has microcomputer 
control. Voltage requirements are +8 to +16 volts DC for LSTTL 
output. Use with RS-232C requires +11 to +16 volts DC and -11 to 
-16 volts DC. The analog electronics and sensor are computer 
calibrated together for full range accuracy. Calibration data is 
stored in ROM memory to assure data integrity and reliability.
As shipped from the factory the instrument is configured as a 
barometer with 1200 baud RS-232C serial output, 10 readings 
averaged, and pressure units of millibars.

Included with the INTCLLI SENSOR Digital Barometer/Altimeter are:
* Mounting bracket
* Cable with connector
* Manual
* Calibration data sheet

This manual tells you how to use your digital barometer. 
Chapter 1 discusses the power requirements and communication 
interface. Chapter 2 explains the modes of operation and how to 
select them. Chapter 3 discusses the output data formats and how 
to read the data. Chapter 4 discusses the mechanical mounting and 
pressure line connections.



1. POWER AND COMMUNICATION INTERFACE

This section explains how to connect the hardware interface 
cable to provide power and to transfer data to an external 
device. Signal names are in capital letters and preceeded by a 
" + " or . A " + " means the signal is asserted or active when
the voltage is at the more positive level. A means the
signal is asserted or active when the voltage is at the more 
negative level. For example, +DAV (parallel data valid) is 
asserted by +5v and negated by O v . The RS-232C signal -DTR is 
asserted by -12v and negated by +12v. See Appendix D "Digital 
Board Schematic" for the barometer's interface electronics. 
Appendix F "Digital Barometer External Cable Diagram" contains 
connector pin assignments and wire colors.

1.1 CONNECTING POWER

The barometer must be powered from a dc power supply; 
either a battery or an ac/dc converter which meets the 
requirements listed in Table 1.1. These specifications apply at 
22 degrees C and are average values which may vary by +-20K. At 
higher temperatures the current increases slightly and at lower 
temperatures it decreases slightly. The positive supply should 
have less than 100 mv of noise and ripple and the negative supply 
less than 500 mv of noise and ripple.

data interface shu t down vo 1 t age range cur rent

RS-232C serial nega ted + 11 t o + 16 V 14 .5 ma
-1 1 t o -16 V 8  . 5 ma

R5-2 32 C serial asser ted + 1 1 t o + 16 V 8 . 5 ma
-1 1 t o -16 V 8  . 5 ma

LSTTL serial nega ted +  8 t o + 16 V 6 .3 ma
asser ted +  8 to + 16 V 10 .0 ua

LSTTL parallel negated +  8 t o + 16 V 6 .3 ma
asserted +  8 t o + 16 V 10 .0 ua

TABLE 1.1 POWER REQUIREMENTS

Apply power to the barometer's 10 connector as follows
+ voltage to pin 15
- voltage to pin 16

g r o und to pin 13

l-l



1.2 USING THE POWER SHUTDOWN

You may use the logic level power shutdown feature to 
conserve power in battery applications. The barometer is turned 
off by asserting the ^SHUTDOWN (pin 14) with a voltage greater 
than +1.4 volts but less than the voltage of the external 
positive supply. This signal can be driven by a LSTTL gate, a 
port bit on a CMOS or NMOS microcomputer, or by a microprocessor 
interface chip. It is turned on by negating the +SHUTDOWN with a 
voltage less than 0.8 volts. The barometer restarts just as 
though power had been applied.

This feature provides a convenient means of turning off the 
barometer in remote low power applications. For example, in a 
remote weather buoy application the external microcomputer turns 
on the barometer once every 10 minutes for 10 seconds to read the 
average of 100 readings. This reduces current by a factor of 
10/600 to save battery power. If the power shutdown feature
is not used then pin 14 may be left floating with no wire 
connected to it. If a wire is connected such as in the AIR 
supplied cable, it should be grounded to prevent stray 
capacitively coupled signals from asserting the ^SHUTDOWN pin.

1.3 CONNECTING THE SERIAL INTERFACE

The serial port is used to interface the barometer to a 
serial device like a printer, a CRT terminal, or a data 
acquisition computer. Serial signals are available in both 
RS-232C and LSTTL voltage levels. The RS-232C Transmit Data 
signal is named -RSTXD and the RS-232C Data Terminal Ready is 
named - R S D T R . The LSTTL Transmit Data signal is named +LSTXD and 
the LSTTL Data Terminal Ready is named -LSDTR. The +LSTXD signal 
is capable of driving one TTL load. Voltage level specifications 
and pin numbers for the serial lines are given in Table 1.2. The 
protocol for each transmitted serial character is: one start bit, 
eight data bits, no parity and two stop bits.

If the external device is not ready to accept data when an 
average of measurements is completed then the barometer erases 
that measurement and goes on to make the next. Data will not be 
available again until another average is complete. For a 
successful data transfer to occur, the -RSDTR (-LSDTR) signal 
must be asserted at the time the barometer is ready to start 
transmitting a reading. The -RSDTR (-LSDTR) signal can be 
negated between characters to slow down transmission. Once 
transmission is begun, all characters must be sent before the 
barometer will begin the next measurement cycle.
If a Data Terminal Ready signal is not available from the 
external device, then -LSDTR pin 11 should be connected to ground 
to enable transmission. If both -RSDTR and -LSDTR are left 
unconnected, no data will be transmitted.

Note that the barometer is considered to be “Data 
Communication Equipment" (DCE) according to the EIA RS-232C 
specification because the data is originating at the barometer. 
Your device which is accepting data from the barometer is "Data 
Terminal Equipment" ( D T E ) .

1 - 2



Serii

mean ing

il Transmitted D< 
RS-232C 

-RSTXD pin 2 
volt age range

1 1 a
LSTTL 

+LSTXD pin 1 
v o 1 t age range

negated (logic 0) 
asserted (logic 1)

+3v to +1 5 v 
-3 v to -15 v

Ov to +.8v 
2 . 4v to 5v

Serial

mean i ng

Data Terminal R< 
RS-232C 

-RSDTR pin 12 
v o 1t age range

jady
LSTTL* 

-LSDTR pin 11 
voItage range

negated (not rdy) 
asserted (ready)

+3v to + 1 5 v 
-3 v to -15 v

2.4 v to 5 v 
0 v to +.8v

TABLE 1.2 SERIAL INTERFACE SPECIFICATIONS

CHOOSING BETWEEN LSTTL AND RS-232C SERIAL OUTPUT

When interfacing to an existing device with a RS-232C port 
the decision is simple, use the RS-232C levels. The only 
disadvantage is the higher power consumption, especially if the 
+shutdown signal is used. To obtain the RS-232C level output the 
two jumpers in the upper right of the digital pc board must be in 
place to enable the RS-232C level driver chip.

The LSTTL levels are more economically interfaced to and 
require less power, much less when the shutdown feature is used. 
You can only use LSTTL when the cable to the external device is 
less than a few feet. The actual distance depends upon the type 
of cable and baud rate. The LSTTL serial signals interface 
directly with common UART chips like the Motorola MC6850 ACIA.
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1.4 CONNECTING THE PARALLEL INTERFACE

The parallel port is used to interface the barometer to an 8 
line input port of a data acquisition computer. The data may be 
in ASCII or binary coded format and is transferred 8 bits at a 
t i me .

A two line handshake is used to synchronize transfers 
between the barometer and external device. The external device 
controls the +RFD (ready for data) signal and the barometer 
controls the + DAV (data valid) signal. The barometer writes the 
data on the 8 lines + D Q , + D 1 , ... + D7 . These 9 parallel output 
lines are each capable of driving 1 TTL load and should be 
connected to high impedance inputs. The +RFD signal can be 
driven by a LSTTL gate, a port on a CMOS or NMOS microcomputer or 
by a microprocessor interface chip. Table 1.3 shows the voltage 
levels for these interface lines.

Figure i.l shows the parallel transfer handshake sequence. It 
can be implemented in either hardware or software. The logic 
sequence used by the barometer for parallel transfers is:

Do for each byte
Wait for +RFD to become asserted.
Put out data byte.
As se r t + D A V .
Wait for +RFD to become negated.
Negate +D A V .

End do

The complimentary logic sequence for the external device is:
Do for each byte 

Assert +RFD
Wait for + DAV to become asserted 
Read one 8 bit byte 
Nega t e +RFD
Wait for +DAV to become negated

End do

When the barometer finishes a measurement averaging cycle it 
tests the +RFD signal. If +RFD is negated, it begins another 
measurement cycle and the data is lost. If + RFD is asserted it 
begins a parallel data transfer sequence. Once a transfer is 
begun it must be completed before the barometer will begin 
another measurement. If the external device expects fewer bytes 
than the barometer sends and quits performing the handshake, the 
barometer will hang up.

Appendix D "Digital Board Schematic" shows the parallel 
interface electronics. The parallel signals are connected to the 
Motorola MC146805E2 microcomputer's parallel port pins. These 
pins, PAD thru PA7 and PBO thru PB7, are software programmable as 
either inputs or outputs. PA6 is an output and drives +DAV. PA7 
is an input and receives + R F D . PBO thru PB7 are outputs and 
drive +D0 thru + D 7 .

1- 4



1 2 3 4 5 6 7 1 computer asserts +RFD
2 baron writes data byte

+ RFD J I____1 3 barom asserts +DAV
4 computer reads data byte

+ DAV 1 1 -.. - 5 computer negates +RFD
6 barom negates + DAV

+ DATA X 7 computer asserts +RFD

FIGURE 1.1 PARALLEL HANDSHAKE SEQUENCE

s i g n a 1 me ani ng voltage range

+ DAV negated (data not valid) 
asserted (data vaid)

0 v to + . 8v 
2 . 4v to 5 v

+ RFD negated (not ready for data) 
asserted (ready for data)

0 v to +.8 v 
2.4 v to 5 v

+ DATA negated (logic 0) 
asserted (logic 1)

0 v to +.8 v 
2.4 v to 5 v

TABLE 1.3 PARALLEL SIGNAL VOLTAGE LEVELS
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1.5 PROTECTION FROM ABNORMAL VOLTAGES

Protect the barometer from abnormal voltages such as power 
surges and over/under voltages which might cause CMOS latch up or 
chip destruction. For example, you can protect the sensitive 
CMOS circuitry of the barometer from power line transients 
which might be passed through the external power supply with 
transient supressors attached to the power lines and to the 
serial and parallel data lines. The line of General 
Semiconductor Industries Inc. TransZorbs might be used to 
accomplish this kind of transient protection. These devices also 
supress some transients from near by lightning strikes.

You should also take precautions to avoid CMOS latch up of 
the chips on board the barometer or CMOS chips in external 
interface devices. Avoid applying voltages to the input lines, 
-LSDTR < + R F D ), which are above +5.5 v or below -0.5 v. The 
output lines + D 0 , +D1, ... + D 7 , +DAV and +LSTXD should be 
connected only to high impedance inputs to avoid damage or latch 
up. The proper power up sequence is to make all signal inputs 
between -0.5v and +0.5v. About 400 milliseconds after power is 
applied, normal logic level signals may be applied. This also 
applies when negating the +SHUTDOWN with power already applied.

In some interfacing cases you may want to insert resistors 
in the signal lines between the barometer and the external 
device to minimize current wh ich might be sourced to the 
barometer if the external signals can not be lowered to 0 volts 
when power is shut off. These resistors will prevent CMOS latch 
up of the chips in the barometer but their values must be low 
enough to prevent distortion of the data which is transferred 
from the barometer.

CMOS LATCH UP SUMMARY 
To avoid CMOS latch up on power up, make certain that the 

voltage on each interface signal pin is between -0.5v and +0 . 5v 
with respect to ground.

For more information on interfacing to CMOS devices and a 
treatment of the latch up problem refer to the COS/MOS Integrated 
Circuits Manual by RCA, CMS-272.

1 -6



2 SELECTING A MODE OF OPERATION

The barometer may operate in one of 4 modes. The mode is 
determined at power up by the jumpers inside the aluminum
housing. After you position the jumpers, you must turn the 
barometer off and then on to enter the new mode. The following 
list summarizes each mode.

1) Barometer mode
In this mode the instrument operates as a pressure 

transducer and provides pressure readings. You may select the
units of pressure, the number of measurements to average, and 
either serial or parallel data outputs. Tables 2.1 and 2.2 show 
the available jumper options.

2) Altimeter mode
In this mode the instrument operates as a pressure altimeter 

and provides pressure altitude or pressure altitude and pressure. 
You may select the units of altitude and pressure, the number of 
measurements to average, and either serial or parallel data 
outputs. Tables 2.3 and 2.4 show the available jumper options.

3) Altimeter setting mode
In this mode the instrument operates to provide altimeter 

setting. The indicated altimeter setting is accurate when the 
barometer is operated at a specific elevation above sea level. 
This elevation is specified at the time of order and is stored in 
the instrument during the calibration procedure. If no elevation 
was specified then 0 is assumed and the altimeter setting is 
accurate only at sea level. The units of altimeter setting are 
always in(Hg). You may select the number of measurements to 
average, and either serial or parallel data outputs. The 
pressure reading in in(Hg) follows each altimeter setting 
reading. Tables 2.5 and 2.d show the available jumper options.

4) Test mode
The test mode is used for calibration and troubleshooting. 

You may select an ASCII coded serial output of raw data, raw data 
accompanied by the computed pressure, serial number 
identification information, or a digital test mode for 
troubleshooting. Table 2.7 shows the available jumper options.
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2.1 GENERAL INFORMATION ABOUT THE MODES

The available pressure units are millibars, inches of H g , 
millimeters of H g , and PSIA. Pressure altitude is in either feet 
or meters. Altimeter setting is always inches of H g .

The number of measurements averaged can be 1, 10, 100 or 
1000. At a p p r o k i m a t e 1y 10 measurements per second, data is 
output about every .1, 1, 10 or 100 seconds. The measurement 
time varies slightly with pressure and temperature.

Serial Data is transmitted at 110, 300, 1200 or 9600 baud, 
with either RS-232C or LSTTL voltage levels. All data are 
transmitted as ASCII strings suitable for use with a printer or 
computer. Numbers are converted to ASCII decimal and the most 
significant digit sent first. The string includes an embedded 
decimal point and terminates with carraige return and line feed 
<cr><If>. The external device controls the DTR (Data Terminal 
Ready) signal to enable or disable the transfer of characters.

Farallel data tansmission requires an interactive handshake 
from an external device. The external device controls the RFD 
(ready for data) line and the barometer controls the DAV (data 
valid) line. Data are transmitted as either ASCII strings or as 
binary numbers. The ASCII strings have the same format as with 
serial transmission. Numbers are converted to ASCII decimal and 
the most significant digit sent first. The string includes an 
embedded decimal point and terminates with carraige return and 
line feed <cr><If>.

The parallel binary format is a 24 bit integer transmitted 
as three bytes with the most significant byte sent first. The 
floating point number in the barometer is scaled by powers of ten 
to preserve decimal place accuracy and converted to a 24 bit 
i n t e g e r .
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2.2 SETTING THE MODE JUMPERS
The options jumpers are located inside the aluminum cover on 

the top printed circuit board. First remove power to the 
barometer. N o w  remove the 4 socket head screws on the side of 
the cylindrical aluminum cover. Then carefully pull the housing 
until it slides over the O-ring gasket. A slight twisting and 
pulling motion works best. There is a cable from the housing to 
the printed circuit board so don't twist more than about 20 
degrees. Lift the housing off and to one side being careful not 
to stress the cable or short the electronics. N ow hold the 
instrument with the jumper block nearest you so that you can read 
the label "AIR Inc." at the bottom of the PC board. Jumper #0 is 
at the right and jumper #7 is at the left. You select a jumper 
value of 1 by connecting an upper pair of pins with a jumper and 
a 0 by connecting a lower pair of pins. All 8 jumpers must be 
installed for reliable operation.

Two more jumpers are just above the ribbon cable connector. 
They must be in place for RS-232C serial data formats. When 
RS-232C is not in use, they may be removed to reduce power 
requirements. Figure 2.1 shows the location of all jumpers.

FIGURE 2.1 LOCATION OF JUMPERS ON DIGITAL BOARD

The following tables show you how to specify the modes and 
options with the jumpers. The abbreviations used are: 

b = binary/ASCII coded parallel output 
n = number of measurements to average 
r = baud rate 
t = test to r un 
u = units of output
* c don't care, jumper must be installed
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2.3 BAROMETER MODE VITH SERIAL OUTPUT

J ump e r # 7 6 3 4 3 2 1 0
baud numb e r serial

J ump e r use units rate ave rage bar om

Serial Barometer u u r r n n 0 0

Number of 1 u u r r 0 0 0 0
measurements 10 u u r r 0 1 0 0
averaged 1 00 u u r r 1 0 0 0

1000 u u r r 1 1 0 0

Serial 96 00 u u 0 0 n n 0 0
output 1200 u u 0 1 n n 0 0
baud rate 30 0 u u 1 0 n n 0 0

1 1 0 u u 1 1 n n 0 0

Units of mb 0 0 r r n n 0 0
output i n (Hg ) 0 1 r r n n 0 0

m m (H g > 1 0 r r n n 0 0
PS I A 1 1 r r n n 0 0

TABLE 2.1 SERIAL BAROMETER JUMPER CONFIGURATIONS

The following example selects barometer mode with serial
output (jumpers 0 & 1), 1200 baud (jumpers 4 & 5), average 10
measurements (jumpers 2 & 3), and pressure units of mm(Hg) 
(j ump e r s 6 & 7 ) .

Jump e r v a l u e  1

o

o

Jumper number 7

The two jumpers just above the ribbon cable connector must 
be in place for RS-232C serial data outputs.
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2.4 BAROMETER MODE WITH PARALLEL OUTPUT

Jumpe r # 7 6 5 4 3 2 1 0
par b i nr y numb e r parallei

J ump e r use un its bar ASCI I average bar om

Parallel Barometer u u 0 b n n 0 1

Number of 1 u u 0 b 0 0 0 1
measu r emen t s 1 0 u u 0 b 0 1 0 1
averaged 100 u u 0 b 1 0 0 1

1000 u u 0 b 1 1 0 1

ASCII coded output u u 0 0 n n 0 1
B i na r y coded output u u 0 1 n n 0 1

Units of mb 0 0 0 b n n 0 1
output i n (H g ) 0 1 0 b n n 0 1

m m ( H g ) 1 0 0 b n n 0 1
PSI A 1 1 0 b n n 0 1

Table 2.2 PARALLEL BAROMETER JUMPER CONFIGURATIONS

The following example selects barometer mode with parallel 
output (jumpers 0, 1 & 5); ASCII coded output (jumper 4);
average 10 measurements (jumpers 2 & 3); 
mm(Hg) (jumpers 6 & 7).

and pressure units of

Jumpe r vaIue

Pictorial 
Representat ion 
of Jumpers

1

Jumper number
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2.5 PRESSURE ALTIMETER MODE WITH SERIAL OUTPUT

J ump e r ft 7 6 5 4 3 2 1 0
baud numb e r serial

Jumpe r use un its rate average alt ime t r

Serial Altimeter u u r r n n 1 0

Number of 1 u u r r 0 0 1 0
me a s u remen t s 1 0 u u r r 0 1 1 0
averaged 100 u u r r 1 0 1 0

1000 u u r r 1 1 1 0

Serial 9600 u u 0 0 n n 1 0
output 1200 u u 0 1 n n 1 0
baud rate 300 u u 1 0 n n 1 0

1 1 0 u u 1 1 n n 1 0

Units of f t 0 0 r r n n 1 0
output m 0 1 r r n n 1 0

f t/i n (Hg) 1 0 r r n n 1 0
m / mb 1 1 r r n n 1 0

Table 2.3 SERIAL ALTIMETER JUMPER CONFIGURATIONS

The following enample selects altimeter mode with serial 
output (jumpers 0 & 1), average 10 measurements (jumpers 2 & 3),
1200 baud (jumpers 4 & 5), 
& 7 ) .

and altitude units of feet (jumpers 6

J ump e r value

Jumper number 7' 6 5 4 3 2  1 0

The two jumpers just above the ribbon cable connector must 
be in place for RS-232C serial data outputs.
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2.6 PRESSURE ALTIMETER MODE WITH PARALLEL OUTPUT

Jumper # 7 6 5 4 3 2 1 0
par binry numbe r parallei

Jumper use un its alt ASCI I average alt im

Parallel Altimeter u u 0 b n n 1 1

Number of 1 u u 0 b 0 0 1 1
measurements 10 u u 0 b 0 1 1 1
averaged 100 u u 0 b 1 0 1 1

1000 u u 0 b 1 1 1 1

ASCII coded output u u 0 0 n n 1 1
Binary coded output u u 0 1 n n 1 1

Un i t s o f ft 0 0 0 b n n 1 1
output m 0 1 0 b n n 1 1

f t /i n (H g ) 1 0 0 b n n 1 1
m / mb 1 1 0 b n n 1 1

TABLE 2.4 PARALLEL ALTIMETER JUMPER CONFIGURATIONS

The following example selects altimeter mode with parallel 
output (jumpers 0/ 1 & 5), average 10 measurements (jumpers 2 & 
3), ASCII coding (jumper 4>, and altitude units of feet (jumpers 
6 & 7) .

Jumper value 
Pictorial 
representat ion 
of j umpe r s .

1 1

Jumper number
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2.7 ALTIMETER SETTING MODE WITH SERIAL OUTPUT

Jump e r # 7 6 5 4 3 2 1 0
baud serial numb e r alt ime t r

Jumpe r use rate a 1 t set average setting

Serial r r 1 0 n n 1 1
altimeter setting

Number of 1 r r 1 0 0 0 1 1
me a s u renent s 10 r r 1 0 0 1 1 1
averaged 1 00 r r 1 0 1 0 1 1

1000 r r 1 0 1 1 1 1

Serial 9 6 0 0 0 0 1 0 n n 1 1
output 1200 0 1 1 0 n n 1 1
baud rate 300 1 0 1 0 n n 1 1

1 1 0 1 1 1 0 n n 1 1

TABLE 2.5 SERIAL ALTIMETER SETTING JUMPER CONFIGURATIONS

The following example selects altimeter setting mode with 
serial output (jumpers 0, 1, 4 & 5), average 10 measurements 
(jumpers 2 & 3), 1200 baud (jumpers 6 & 7). The units are always
i n (H g ) .
Jumper value 
Pictorial 
representat ion 
of j ump e r s .

Jumper number 7 6 5 4 3 2 1 0

The altitude of the site where the instrument is to be used 
has been entered at the factory during the custom calibration 
p r o c e d u r e .

The two jumpers just above the ribbon cable connector must 
be in place for RS-232C serial data outputs.
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2.8 ALTIMETER SETTING MODE WITH PARALLEL OUTPUT

Jumper # 7 6 5 4 3 2 1 0
don 't parallei numb e r parallei

Jumper use care alt set ave rage al t set

Parallel * * 1 1 n n 1 1
altimeter setting

Number of 1 * * 1 1 0 0 1 1
measurements 10 * * 1 1 0 1 1 1
averaged 100 * * 1 1 1 0 1 1

1 000 * * 1 1 1 1 1 1

TABLE 2.6 PARALLEL ALTIMETER JUMPER CONFIGURATIONS

The following example selects altimeter setting mode with 
parallel output (jumpers 0, 1, 4 & 5), and average 10 
measurements (jumpers 2 & 3). The units are always in(Hg) and 
the output format is always ASCII coded decimal. Note that even 
though jumpers 6 and 7 are “don't cares" they must still be in 
p l a c e .

Jumpe r value 
Pictorial 
representat ion 
of j ump e r s .

Jumper number

The altitude of the site where the instrument is to be used has 
been entered at the factory during the custom calibration 
p r o c e d u r e .
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2.9 TEST MODE WITH SERIAL OUTPUT

J ump er # 7 6 5 4 3 2 1 0
baud test numb e r test

Jumper use rate mo d e average mo d e

Test mode r r 1 1 t t 0 1

Raw d a t a /pressure r r 1 1 0 0 0 1
Serial ID test r r 1 1 0 1 0 1
Signature analys r r 1 1 1 0 0 1
Raw data r r 1 1 1 1 0 1

Serial 9600 0 0 1 1 t t 0 1
output 1200 0 1 1 1 t t 0 1
baud rate 30 0 1 0 1 1 t t 0 1

1 1 0 1 1 1 1 t t 0 1

TABLE 2.7 SERIAL TEST JUMPER CONFIGURATIONS

The following example selects the serial test mode 
(jumpers 0, 1, 4 & 5), identification test (jumpers 2 & 3),
9600 baud (jumpers 6 & 7).

J ump er value 1 1

Jumper number 7 6 5 4 3 2 1 0

The two jumpers just above the ribbon cable connector must 
be in place for RS-232C serial data outputs.

The test mode is used to 
factory or in the field. There 
for the analog circuitry, for

service the barometer at the 
are tests for the serial output, 

factory calibration and for
signature analysis. A description of the four tests follows.

1) Serial ID test - This test is used to identify the 
instrument and to test the serial output independently of the 
other circuitry. The first number is the calibration code 
consisting of the year, month, day, hour and test position of 
last calibration. Next is a hardware serial number, the software 
revision date, and the altitude in feet of the site for which the 
altimeter setting mode is set. A sample output is:
8401271701 00013 02/27/84 AIt=5280.
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2) Raw data and pressure in mb - This test is used to 
verify that the front end analog circuits are working properly. 
The serial output consists of four raw counts used to calculate 
pressure followed by the calculated pressure in millibars. A 
sample output is:

*63319. 44408. 47570. 28063. 838.09

The first number is the high reference and should be the largest. 
It is insensitive to temperature and pressure. The second number 
is sensitive to pressure. Increase pressure to increase the 
number or decrease pressure to decrease the number. The third 
number is sensitive to temperature. Increase temperature to 
decrease the number or decrease temperature to increase the 
number. The fourth number is the low reference and should be the 
smallest. It is insensitive to temperature and pressure. The 
last number is the pressure computed from the previous 4 numbers 
and the calibration coeficients stored in ROM.

3) Raw data - This test is used for factory calibration. It 
is the same as test 1 without the pressure output. A sample 
output is:
*63319. 44408. 47570. 28063.

4) SA test - The 
electronics technician 
By using this test and 
technician may isolate

signature analysis test is used by an 
to locate faults in a defective barometer 
a digital signature analyzer, the 
and replace bad integrated circuits.
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3. READING DATA FROM THE BAROMETER

3.1 MEASUREMENT AND DATA TRANSFER CYCLE

Refer to Figure 3.1 "Barometer Sequence of Operation" as you 
read this section. At power up, the barometer reads the 
configuration jumpers and initializes the hardware. It then 
enters the measurement and data transfer cycle. The specified 
number of measurements are made and summed. This takes from 
a p p r o k i m ate1y 0.1 to 100 seconds depending on the number. Next 
it computes the average pressure and, if required, the altitude 
or altimeter setting. Appendix C "Computational Procedures", 
contains the relevant formulas. Finally it converts to the 
proper units and output format to complete the measurement part.

If the external device is not ready then another measurement 
cycle begins and the data is lost. If the esternal device is 
ready then the first byte or character is output. The transfer 
continues until all bytes or characters are output. Another 
cycle then begins.
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3.2 ASCII CODED FORMATS

All ASCII formated numbers in the barometer, altimeter and 
altimeter setting modes are right justified in a 7 character 
field with an embedded decimal point. The numbers in the test 
mode are left justified in a variable width field with an 
embedded decimal point. The symbols <cr> and <lf> denote a 
carraige return and linefeed. The # symbol represents a leading 
blank or a digit.

The external computer should read characters until it 
detects a <lf>. The output formats are shown in Table 3.1.

BAROMETER MODE 

u n i t s  o u t p u t  f or ma t

mb # # # # . # # < c r > < I f >

i n ( H g )  # # # . # # # <  c r > < 1 f > 

m m(Hg)  # # # # . # # < c r > < l f >

P S I A  ## . # # # # < c r > < 1 f >

s ample output 
1013.25<cr><If> 
2 ? . 9 2 1 < c r X l f >  
76 0 . 04 < cr> < 1 f > 

1 6 . 6 92 1 <cr > < 1 f >

ALTIMETER MODE 
units output format
ft ######. < c r > < 1 f >
m #####.# < c r > < I f >

f t/i n < H g ) ######. ###.###<c r >< 1 f > 
m/mb #####.# ####.##<c r >< 1 f>

s ample output 
5 1 39 . <cr > <If > 

1566.4<cr><lf>
5139. 25 ,057 < c r X I f >

1 566.4 848 . 52 <cr > <1 f)

ALTIMETER SETTING MODE 
units in(Hg)

output format F=###.### AS=###.###<c r ><1f > 
sample output P= 21.114 AS = 2 1 . 1 1 4 < c r X l f >

TEST MODE 
output fo rma t 

YYMMDDhhcc sssss MM/DD/YY ALT=#####.<c r ><1f> 
*#####. #####. #####. ##«##.<c r ><1f >
«#####. #*###. «####. #####. ####.##<c r ><1f> 
no serial output

test 
Serial ID 
Raw data 
Raw data w 
S i gna ture

Serial ID 
Raw data 
Raw data w 
Signature

s ampIe output 
84042 1 1 302 0Q 0 1 3 04 / 1 3 / 84 ALT= 0 . <cr> < 1 f >
* 6 3287. 44387. 475 95. 28044 . <c r >< I f>
*6 32 87. 443 87. 475 95. 280 44. 86 4 . 78 <c r >< 1 f> 
no serial output

TABLE 3.1 ASCII CODED OUTPUT DATA FORMATS



3.3 BINARY CODED FORMATS

The parallel binary format is a 24 bit integer transmitted 
as three bytes with the most significant byte sent first. The 
floating point number in the barometer is scaled by powers of ten 
to preserve decimal place accuracy and converted to a 24 bit 
integer. For example, the reading of 987.35 mb would be 
transmitted as a binary representation of the decimal number 
987350. In binary the 3 bytes are 00001111 00010000 11010110. 
Those modes such as altimeter setting which transmit two numbers 
will send two 24 bit integers as 6 bytes.

The external computer must read the number of bytes as 
specified in Table 3.3. Each byte must be acknowledged by the 
external device before the barometer transmits the next. Table
3.2 shows the scale factor used for the various units of output. 
One possible formula for reconstruction of the floating point 
representation is:

F = ((B 1 * 256.0 + B2) * 256.0 + Bl) / SF
where F = floating point representation 

Bl = most significant binary byte 
B2 = next most significant binary byte 
B3 s= least significant binary byte 
SF = scale factor from Table 3.2

UNITS SCALE FACTOR UNITS SCALE FACTOR
mb 1000.0 f t 10.0
i n ( H g ) 10000 . 0 m 100.0
m m (H g > 1000.0
PSIA 100000.0

TABLE 3.2 PARALLEL BINARY SCALE FACTORS

BAROMETER MODE
internal numb e r s ample output sampIe output

uni t s value of bytes in dec ima1 in hexadecimal
mb 10 13.250 3 10 13250 OF 76 02
i n (H g ) 29.9214 3 299214 04 90 CE
m m (H g ) 7 60.043 3 760043 0B 98 EB
PSIA 16.69128 3 16 6 9218 19 78 62

ALTIMETER MODE
internal * of s ampIe output sample output

un its values bytes in dec imaI in hexadecimal
f t 5 139.3 3 5 1393 00 C8 Cl
m 1566.42 3 156642 02 63 E 2

f t/ i nHg 5 139.3 25 .0576 6 51393 250576 00 C 8 Cl 03 D2 DO
m / mb 1566.41 848 .529 6 156641 848529 02 63 E 2 0C F 2 91

TABLE 3.3 PARALLEL DATA FORMATS
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4. INSTALLATION

4.1 MECHANICAL CONNECTIONS

The barometer is supplied with mounting hardware which may 
be attached at either of two locations on the body. The 
orientation of the barometer is not important. Care should be 
taken that the barometer is not mounted to a significant heat 
source or sink which might produce large thermal gradients. A 
difference in temperature between the pressure sensor and 
temperature sensor causes an error in pressure of appro x i a m e t e 1y
0.1 mb per degree centigrade. The standard pressure port
consists of a 3/16" OD x 1/8" ID x 5/8" long NPT brass fitting 
for use with 3/16" I.D. flexible tubing.

4.2 ENVIRONMENTAL CONSIDERATIONS

Moisture should not be allowed to condense on the pressure 
sensor or accumulate within the sensor chamber. Condensation can 
be avoided by keeping the barometer above the dewpoint or by 
using a dessicant to dry the sample air.

Each barometer is calibrated over a specific range of 
pressure and temperature, and may not be accurate outside that 
range. The sensor is designed for use at pressures between 0 and
38.4 in<Hg) or 1300 mb. Higher pressures may permanently change 
the sensor thus altering the accuracy.
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APPENDIX A. QUICK REFERENCE SHEET

Jumper # 7 6 5 4 3 2 1 0

Barometer mode with serial output u u r r n n 0 0
Barometer mode with parallel output u u 0 b n n 0 1
Altimeter mode with serial output u u r r n n 1 0
Altimeter mode with parallel output u u 0 b n n 1 1
Altimeter setting mode with serial output r r 1 0 n n 1 1
Altimeter setting mode with parallel output * * 1 1 n n 1 1
Test mode with serial output r r 1 1 t t 0 1

Units of output - mb 0 0
Barometer modes in(Hg) 0 1

m m (H g ) 1 0
PSI A 1 1

Units of output - ft 0 0
Altimeter modes m 0 1

f t/ i n ( H g ) 1 0
m / mb 1 1

Number of measurements averaged - 1 - - - - 0 0 - -

All modes 1 0 - - - - 0 1 - -

100 - - - - 1 0 - -

1000 - - - - 1 1 - -

Serial output baud rate - 96 0 0 _ — 0 0 — _ — _
Barometer mode and 12 00 - - 0 1 - - - -
A 1 t i me ter mo d e 300 - - 1 0 - - - -

1 1 0 - - 1 1 - - - -

Serial output baud rate - 9600 0 0 -
Altimeter setting mode and 1200 0 1
Test mode 300 1 0

1 1 0 1 1

Parallel output data format - ASCI I - - - 0 - - - -
All mode s Binary - - - 1 — - - -

Test mode tests - Raw data/press (mb) - — - - 0 0 - -
Serial ID test - - - - 0 1 - -

SA test - - - - 1 0 - -
Raw data

Key to table abbreviations -
r = Serial output baud rate, 
n = Number of measurements to 
b = Format of parallel output 
u = Units of output.
* = Don't care - jumpers must 
t = Te s t type.

be averaged.
- binary/ASCII coded

be in place however.

1

MODE SELECTION JUMPERS
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QUICK REFERENCE SHEET

pin wi re serial paral lei s i g n a 1
color data use data use dir

i V HT +LSTXD + DAV out
2 RED -RSTXD nc out
3 BLK nc + D0 out
4 BLU nc + D1 out
5 GRN nc + D2 out
6 ORG nc + D3 out
7 VHT/RED nc + D4 out
8 RED/BLK nc + D5 out
9 B L K /RED nc + D6 out
1 0 BLU/WHT nc + D7 out
1 1 GRN/BLK - LSDTR + RFD i n
1 2 ORG/RED -RSDTR nc i n
1 3 WHT/GRY GROUND GROUND
1 4 R E D /GRN ♦SHUTDOWN +SHUTDOWN i n
1 5 BLU/BLK +8 TO +16 +8 to +16
1 6 G R N /WHT -8 TO -16 nc

CABLE AND CONNECTOR PIN ASSIGNMENTS

1 2 3 4 5 6 7 1
2

computer asserts +RFD 
barom writes data

+ RFD 1 3 baron asserts +DAV
4 computer reads data

+ DAV r t 5 computer negates +RFD
6 barom negates +DAV

+ DATA x  ... 7 computer asserts +RFD

PARALLEL TIMING DIAGRAM

BAROMETER MODE 
units output format 
mb ####.##< cr X 1 f > 

in(Hg) ###.###<c r >< 1 f > 
mm(Hg) ####.##<cr><lf> 
PS I A ##.#### < cr > < 1 f >

ALTIMETER MODE 
units output format 
f t ###### . < cr > < 1 f > 
m #####.#< cr > <1f > 

f t /i n (H g ) ######. ###.###<c r >< I f > 
m/mb #####.# ####.##<c r X 1f>

ALTIMETER SETTING MODE 
units output format
in(Hg) P=###.### AS = ###.###<c r > <1f>

TEST MODE 
test output format

Serial ID cccccccccc sssss
Raw data *#####. #####.
Raw data & P *#####. #####. 
SA no serial output

OUTPUT DATA FORMATS

vv/vv/vv A L T - # # # # # # .<c r ><1f > 
##### . #####. <cr> < I f >
#####. '#####. ###! . ##<cr > < I f >
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APPENDIX B. SPECIFICATIONS

Ma h

GENERAL 
Pressure Resolution 
Altitude Resolution 
Operating Pressure 

Operating Modes

Selectable Data Units

Sampling Rate (man) 
Selectable Averaging 

Selectable Interfaces

Da t a Fo rma t 
Power Requirements

Connec tor 
Size

Ve i gh t 
Finish

SPEC I FI CATIONS
0.01 mb (0.001 in Hg)
0 . 1 m  ( 1 f t )
1300 mb (38.4 in Hg)
Barometer/ Altimeter 
Altimeter Setting, Test 
Pressure - m b , in Hg, mm  H g , p s i a 
Altitude - feet, meters 
Altimeter Setting - in Hg 
10/second
1, 1 0, 100 , 1 000 samp Ies/average 
RS-232C or LSTTL Serial

(110, 300, 1200, 9600 baud)
Parallel (8-bit with handshaking) 
Serial ASCII, Parallel ASCII or binary 
RS-232C +11 to +16 & -11 to -16 vdc

14.5 ma (oper), 8.5 ma (stdby)
LSTTL Serial or parallel +8 to +16 vdc

6.3 ma (oper), 10 ua (stdby)
AMP CPC 207292-1 
Length - 3.5 in (8.9 cm)
Diameter - 3.5 in (8.9 cm)
20.5 oz (0.58 kg)
Black Anodized Aluminum
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APPENDIX C. COMPUTATIONAL PROCEDURES

The indicated pressure output by the barometer is derived 
from four seperate internal measurements of capacitance. Two 
measurements sense pressure and temperature. The other two 
compensate for drift in the analog electronics. These four 
measurements are used as independent variables in a pressure 
transfer function. The coefficients of the transfer function are 
unique for each barometer and are determined by calibration.
They are stored in the ROM of the microcomputer. The 
microcomputer executes floating point routines to evaluate the 
transfer function, convert to the selected units and compute 
altitude or altimeter setting.

The indicated altitude is based on the U.S. Standard 
Atmosphere, 1976. In this model of the atmosphere, altitude is a 
function of pressure alone. The equation for altitude is:

H = 44330.77 * (1.0 - (P / 1013.25) ** .19026)

where H = altitude in meters
P = pressure in millibars

The indicated altimeter setting is also based on the U.S. 
Standard Atmosphere, 1976. The equation for altimeter setting
i s :

A.S. = 0.02953 * exp(Ln(P) - Ln(1.0 - EL / 44330.77 ) / 0.19026 )

where P = pressure in millibars
EL = elevation in meters stored in ROM during calibration 
A.S. = altimeter setting in(Hg)

C- 1
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APPENDIX E. DIGITAL BAROMETER INTERNAL CABLE DIAGRAM

AMP
pin

wire
color

MOLEX serial 
pin output use

1
BRN 1

1
RED- 1

2 2
ORG- 1

3 3
YEL-1

4 4
GRN- 1

5 5
BLU-1

6 6
VIO- 1

7 7
GRA- 1

8 8
WHT 1

9 9
ELK- 1

1 0 1 0
BRN- 2

-  -  k1 1 1 1
RED 2

1 2 12
ORG 2

1 3 1 3
YEL-2

1 4 14
GRN 2

15 15
BLU-2

1 6 1 6

+LSTXD

-RSTXD

nc

nc

nc

nc 

-LSDTR 

-RSDTR 

GROUND 

+SHUTDOWN 

+ 8 TO +16 v 

-8 TO -16 v

parallel si g n a 1 
output use dir

+DAV out

nc out

+DQ out

+ D 1 out

+D2 out

+ D3 out

+ D4 out

+D5 out

+ D6 out

+D7 out

+RFD in

nc i n 

GROUND

+SHUTDOWN in 

+8 to +16v 

n c

AMP CPC 
206404-1 

Ma I e 
Connec tor

MOLEX 
15-25-1561 

F e m a 1e 
Connec tor

5 inch a 16 conductor 
r i bbon cable

E- 1



APPENDIX F. DIGITAL BAROMETER EXTERNAL CABLE DIAGRAM

p i n wi re 
color

serial 
output use

paral lei
output use

sign
dir

WHT
1 It +LSTXD + DAV out

RED
W

7 fe- -RSTXD nc out
BLK

w

+ D0 out
BLU

w

A + D 1 out
GRN

w

. nc + D2 out
ORG

w

z nc + D3 out
WHT/RED

w

n + D4 out
RED/BLK

w

8 + D5 out
B L K /RED

w

+ D 6 out
BLU/WHT

w

10 n c + D7 out
GRN/BLK

w

1 1 -LSDTR + RFD i n
ORG/RED

12 -RSDTR nc i n
WHT/GRY

1 3 GROUND GROUND
RED/GRN

1 4 +SHUTDOWN +SHUTDOWN i n^ ------
BLU/BLK

-+15 + 8 TO +16 v +8 to + 1 <v
GRN/WHT

1 6 - 8 TO -16 v nc

207292-1 7 foot x 16 conductor cab
Female Connector

F- 1
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INSTRUCTION MANUAL
REGULATED POWER SUPPLIES

LVT-40 SERIES
DC OUTPUT — Voltage regulated for line and load. For voltage and current ratings see table I below.

TABLE I

MODEL

MAIN OUTPUT 2ND OUTPUT 3RD OUTPUT

VTGE
RANGE
(ADJ)

AMPS @ 
AMB. TEMP.

VTGE
(NON-
ADJ)

AMPS @ 
AMB. TEMP.

VTGE
(NON-
ADJ)

AMPS @ 
AMB. TEMP.

50° C 60° C 50° C 60° C 50° C 60° C

LVT-40-144B +5V ±1% 2.0 1.0 +15 ±5% 0.3 0.15 -15 ±5% 0.2 0.1

LVT-40-133B +5V ±1% 2.0 1.0 +12 ±5% 0.3 0.15 -12 ±5% 0.2 0.1

LVT-40-131B +5V ± 1% 2.0 1.0 +12 ±5% 0.3 0.15 -5 ±5% 0.2 0.1

Current range must be chosen to suit the appropriate ambient temperature. Current ratings apply for entire voltage range.

REGULATED VOLTAGE OUTPUT
Regulation ( lin e ) ................................................ 0.4% for input variations from 85-132 VAC or 132-85 volts AC, all outputs.
Regulation (load)................................................ 2%  for load variations from no-load to full-load or full-load to no-load.
Ripple and Noise ........................................... 150 mV peak-to-peak for 5V outputs; 300 mV peak-to-peak for 12V and

15V outputs; 15 m V rms for all outputs.
Temperature C o e ff ic ie n t ................................ 0.02%/°C for main output; 0.03%/°C for 2nd and 3rd outputs.

OVERSHOOT — No overshoot under conditions of power turn-on, turn-off or power failure.

AC INPUT — 85-132 volts AC at 47-440 Hz. Input power 25 watts maximum.* Ratings apply for 47-440 Hz input.
*With output loaded to full current rating and input voltage 132 volts AC at 60 Hz.

DC INPUT— 110-175 volts DC.

EFFICIENCY -  62% minimum.

OVERLOAD PROTECTION — Automatic electronic current limiting circuit with automatic recovery limits short circuit out
put current to a safe preset value, protecting load and power supply when direct shorts occur. Sustained short circuit 
operation for more than 30 seconas may cause power supply damage. Internal failure protection provided by fuse.

HOLD-UP TIME — Output will remain within regulation limits for at least 16.0 msec after loss of AC power at full-load with 
nominal output voltage and 85 VAC input at 60 Hz.

INPUT FUSE — Fuse F l, 2A Slo-Blo, in AC input line protects the input wiring to the power supply. Overload of power 
supply does not cause fuse failure.

INPUT AND OUTPUT CONNECTIONS — Molex type 5289-4A connector contains all terminals for AC input and ground, 
Molex type 5287-5A connector contains all terminals for DC output. AC input terminals are marked H and N for hot 
side and neutral respectively.

COOLING — Convection cooled; no external blowers required.

OPERATING AMBIENT TEMPERATURE RANGE AND DUTY CYCLE -  Continuous duty from 0° to +60° C with cor
responding load current ratings for all modes of operation.

STORAGE TEMPERATURE -  -30° C to +85° C.

W ARRANTY — 90 day warranty from date of shipment......................................materials and labor.

OUTPUT STATUS INDICATOR — L.E.D. ligbt Indicates presence of voltage on the main output terminals.

PHYSICAL DATA
S i z e ...................................................................... 3-13/16 x 1-3/8” x 4-31/64”
W e ig h t .................................................................0.84 lbs. net; 1.0 lb. shipping
F i n i s h .................................................................N ICKEL PLATE, FED. STD. 595 No. 26081

MOUNTING — Two surfaces with threaded mounting holes can be utilized for mounting this unit. Air circulation is required 
when unit is mounted in confined area.
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General Accessories, Thermal Management Products. Heaters, Electric Heaters http://www.hoffmanoniine.com/iHelps/Product.cfm?ID=C034A

A  P e n a *  C o m p a n y

Home

Browse 
Product Families

Select
Product

Bill of 
Materials

Modification
Services

Technical
Information

On-Line
Help

Standard Terms 
and Conditions

Sales Channel 
Tools

Price List

General Accessories, Thermal Management Products, 
Heaters, Electric Heaters

® Application 
a  Construction 
Q  Finish 
&  Notes 
Q  Selection 
© Standards 
©Selection and Sizing 
Q  Download Hoffman Thermal 

Management Selection Software 
© More Thermal

Management Products

jrp^- j - j  zb r f i i  HeaterlOO 
jffiL L U  IlsfH 170530 D85 Watts, 115 
jD-AH1001A I Volt

H P T S E i P  f  = r Heater 100 
l i J i i L f f l l l f f l  | 7fi- 4() D85 Watts, 230

D A H 1002A  I : Volt

: V  “
2.50 $212.80

j B f f i H H  | 70550 D85 watts, 115

| D-AH2001A Volt
! .... ..-...-- ___  ----- S ' ..........- ..- ...........  ......... ....... .

- :■ - ; .. ' ,--

2.50 $252.70
~ . ' " . Z l *• r

i f i f l l  f f l  W  I -  : " Heater 200 . p  
, | 0  _?U -fiSa j70560 D85 Watts, 230 

D-AH2002A j Volt

1 i 
2.50 $252.70 j

• ■' - :; " ' z ' ■■ " j

Heater 400
F J . U K . M H S W  70570 D65 w a tts ,115 

j D-AH4001B Volt

- ^  j 

3.00 $292.50 j

-----  r — ---- ■'" ....... .............................. ...... ......  "
i rp3; |T | i  §ga|J I f W  * Heater 400 
j lE J f  ■ m ffl F fc * 7058O D85 Watts, 230 
10-AH4002B Volt

j

3.00 $292.50 i• - * •_ • ' • i

f  [plfl1 1 Heater 800 
jb— 70590 - D85 Watts, 115 
; D-AH8001B Volt

D-AH8002B 70600 0 8 5  Volt
— ---- ——----.— —----,----------------------— r- f- , —.r....;. av . ., . ;,i

3.00 $332.40

3.00 $332.40
;

- U i . * * . . . : X V . U a *  ; —̂  V Li. ~

Legend

Application
Designed to protect sensitive mechanical, electrical, and electronic equipment 
from the harmful effects of condensation, corrosion, and low temperatures. 
Thermostatically controlled fan-driven heater units maintain a stable temperature 
within enclosures so critical components can perform more reliably over a longer 
period of time.

Construction
• Attractive and durable housing is anodized aluminum
• Thermostat, standard on all units, is adjustable from 0°F to 100°F (-18°C to

l of 3 05/25/2000 1:48 PM
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General Accessories. Thermal Management Products, Heaters, Electric Heaters http://www.hoffmanonline.com/iHelps/Product.cfm7ICfeC034A

38°C)
• Fan draws cool air from the bottom of the enclosure and passes this air across 
the thermostat and heating elements before being released into enclosure cavity
• Heated air is discharged through the top of the heater unit
• Four 10-32 x self-tapping screws are included with each heater
• Ball bearing fan runs continuously for even temperature distribution
• Terminal block has three 6-32 screw terminals with barriers labeled for power 
and ground connections

Finish
Anodized aluminum.

Notes
Installation
Hoffman electric heaters should be centered as low as possible on an interior 
enclosure panel. This permits the unit to heat the cool air located at the bottom of 
the enclosure. For maximum efficiency, the heater should be mounted in a vertical 
position with the terminal block to the bottom and the air outlet openings at the top. 
However, the unit will also effectively distribute heat if turned 90 degrees with the 
terminal block out the bottom and the air outlet at the side. Although enclosure 
panels are preferable, heaters may be installed on any flat sheet metal surface.
Do not install heaters on wood panels.
Heat sensitive components should not be placed near the heater discharge area 
since this air can be quite warm. The clearance range defines the space that must 
be kept free of these components for proper and safe operation of the heater.

Selection
Example
Which electric heater would most efficiently maintain a 60°F temperature in an 
uninsulated 24x24x10 enclosure that is exposed to a temperature not less than 
30°F?

Step 1
Calculate the total enclosure surface area.
Area (sq. ft.) = 2(AxB)+(AxC)+(BxC) -M44, where "A", "B", "C" are the dimensions 
of the enclosure.
In our example,
Area = 2(24x24)+(24x10)+(24x10)^-144 

Step 2
Using the graphs, draw a vertical line through the enclosure surface area and 
determine the temperature rise given by each heater.
For enclosures exposed to windy conditions, heaters should be oversized by 
approximately 50%.

Step 3
Select the electric heater that achieves the desired temperature rise. In our 
example, the desired temperature rise is 30°F (60°F - 30°F). The 200 watt heater 
should be selected since its temperature rise (35°F) exceeds the requirement.

Standards
UL Component Recognized 
CSA Listed

2 of 3 05/25/2000 1:48 PM
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R E V I S I O N S
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A 5 - ^ y, iW ebrt ADOSD BATA TAP ASSY "A *)"  4 A/D 1,PS1 - J f "
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2-88 PMH FILE:

7-88

3

0 PIN 1 
0 PIN 18 

0 PIN 34

U lv

PIN 170 
PIN 330 
PIN 500D

C O N N . "A 1J 1"
SOLDER SIDE

A1-"ET
GndLug

Ilii > *

Conn. f,A 1P1/J1”
Standard Interface 

Board

A55006W002 s h e e t  2
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Dew Point and Ambient Temperature Block Diagram
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Barometer Block Diagram







Windspeed and Wind Direction Block Diagram



Rain Gauge Block Diagram
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TELEÔNg 
IAA6UE CRAFT
RAfO

- f ? -  n
ib ~

L ? '
T -

ST
V

i
1(A)

H E M

D u i& r r
iwAii6wf

Gl$-COOA____
5» i -A n s '_ _
S 2t-*M 93

” L"<n-io-?o3-io
c x i i - i o i
« 6
enosoMSS 
Srt-04>t2 
•  6 *  Vis 
•ft.
M l *  I 
6-1? -  • 'i*
C.-Z?
J Z t *

P L P l M - C P

. ’♦ 6  or dm . 
t V c V  Sim.- ' 
t ~ b > :  Sim. 
KACO 
RACO
RACB
EA6 t f i -«••
B j s a E j gS-E or tlm. 
SOtgRfc-0

RACO

CIMgH '̂tgW

JtMPUjtJOC
N R A O

HOFFMAN
WtATOtRME»W*!
TEQi.StRVKES 
m U tW^ASUSKI 
NRAO 
m r a o "
N R A O  '
EA'iftR^CSwEJH 
HOFFMAN

•  777  
* 6 7 0

t ^ - io o - O a W __
« £ » * %
O O -Sd-S

^ 10 06___

a s s & r — •M̂ diTlOCW
Mod*I A»R-Ce-?«/
M oa«r IOSJ______ 1
Model 102̂  ___

0SS0OIAOO4 
P rrD w ^ . CSS006W I0M  
A tO P’ fe
PART MO.

rkAsCt ~ tiiLGti ~
2 *  A ~JU  iro n
t6.o s i i  M o w im jo  c u p  
I to , 7-1 V i  ” g«€6»J "J_ ' "  '
C iP . «£D
N ut. he» ' . . .
Captive S c re w , < -M -  Lon*
K L  U tp W  ivik PC*>

!/« .*. C r^ V a t, d rjle j (U P M d
S n ap -M o t, & -1 2
SC<e*J. S t'iW t U i l . l ,  ■C.T., KJjif*.' *4J
WbS*er, lo « -k
MocK. screw. Ffen. Hd.
Mad*. Screw. .Pjn. h o .
Mach. Screw. Pan. Hd.
Space*, 4 - 1 7 -  s/*»  Aiom. Afcs/f/wpou 
S p ic e r ,  4 1 7 »  * / B .  M V I C M  'P  
Sca.-er, i - 2 2  » V a .  N Y  L O U  
T y -W frt, fficKVlr^, 4 'V 'U .
S e iv ir *  i r J t j n c *  C » u * v »*
S o fcd  S t i t e  i? « v  2S A  V » *J
S o l iJ  S V ite  P U i* .  S v  «». i2 « v  S A  l »» j  
OevWe COJfc.- P.Ur.K 4* tMv 
ftewtr Line W «  t f r t t ta r .  V f j k l l n j
E M T  C v .d g it. thtfwxH....................
Ri^ul Conduit Lock-nut •
Ccn-3oit Ilip P K , t t - r c ^ d . Vi* 
CotMieftor. ta x -■ 'i*  Ei^T. ‘X 'e » *  
O ff je t  M.ppie,
U til. Ca« C o n ti,  (or (k ith  ferep.

Jwpte> v w l k c - \  
Ou^et, Jup ifw , f?5V * A  . 1-vAff f |  r  bl»de 
t-i^Viied TavVf W,I?<W ISA, lighted ^ jn t l  
AC_Sojp S u iu K  »ji|l._iodiCil«w, I70UAC 2C
EoiW, W»c»r»de»cent......... ............  ............
Ltyhtina Future I6u4r<l( / ^ * t i i t  . 
Surface Cover. Z-frt-W eee*., r ^ . ,  * ^ '0  
Device CoM ff i - t i : i'pT, 4 * iV .  roiStJ *
Outlet Row, '7ii V « '< ' ; ? V D ,■ 'i * « O t
Outlet' I w ,  4>» e *|'2 li i -P <. »*• XQ*\
U  h u j ,  I n i u M l  ! -w if t  *Jidt

'f̂ V J!‘_............
l&BL

A/T- 
•Mjr _

C o m c c K  *A U ?%  ‘* 5  J i* ____
Ctfm ctM1. ?Aljr_.

OSSPOfeA , Hi^..Mso«t!09fe<KV*l.(f?» *«y M > .
/ O—/ ’TRA* Carrier Strip, to-term. «a strew

Wire toct Cos>e«~. >• _______
wirf (xlcl. pyc, l* *r  f^onnfl......
ASSV P *.l -  fc w K  Sopt^y A ^ y  __ .
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