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INTRODUCTION

The Central Avalanche Hazard Forecasting project has been funded
by the Washington State Highway Commission since July 1975 in order to
test the feasibility and effectiveness of central avalanche forecasting
for the Cascade Mountain Passes and adjacent territory. Historically,
avalanche forecasting in the Cascade Mountains has been done locally on
an area-by-area basis by Highway Department personnel and by Forest
Rangers and professional ski patrolmen at individual ski areas. This
project explored the possibilities of improving both mountain weather and
related avalanche forecasts for use by WSDT during winter operations in
the mountain passes and, secondarily, explored the usefulness of an
area-wide forecasting service to other, cooperating agencies. The aim
of this work has been to establish the technical and administrative framework
for an operational, on-going mountain weather and avalanche forecasting
service for Western Washington under the joint support of interested public
agencies. This aim has been achieved in autumn 1978 by the operation of an
avalanche forecasting office administered by the US Forest Service, housed
by the National Weather Service, and supported by WSDT, with additional
peripheral support from both the public and private sectors.

Previous reports published by the project include: Interim Report,
June 1976 (Report No. 23.2); Final Report, June 1977 (Report No. 23.3); and
the Implementation Report, December 1978, which will be published in Spring 1979.
If you would like to obtain copies of any of these reports, contact WSDT
Public Transportation and Planning Division in Olympia (SCAN 234-6149) or the
Avalanche Research Office on SCAN 323-7180 or write Avalanche Research,
Department of Atmospheric Sciences AK-40, University of Washington, Seattle,

WA 98195.

Phil Taylor, Research Engineer, has done an outstanding job of
developing much of this equipment and devising methods of operation. He
is, unfortunately, no longer with the University. He will be working in
Autumn 1978 with the US Forest Service as a consultant in addition to his
continuing work with the US Geological Survey.

This Operating Manual is intended to be an informal document with 1imited
distribution and its format reflects that informality.
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Remote telemetry--Stevens Pass. In the first year of operation

difficulties in communication with WSDH field personnel at

Stevens Pass severely hampered the snow and weather feedback
process necessary for operational forecasting for this area.
These conmunication difficulties stemmed partly from a very
bad phone system (beaver destruction of phone company land
lines was a large problem, often resulting in shorted lines,
significant line static and wrong numbers), partly from the
range limitations of field radios, and partly from the lack

of a 24-hour/day radio operator at the Berne Snow Camp to
serve as a focal point for reaching field personnel. Further,
during high avalanche hazard periods when current hourly

snow and weather data from this area were needed most by
forecasters to update local avalanche advisories and forecasts,
control personnel responsible for such data were involved in
active control work and not able to observe or transmit data.

As a result of these data communication problems, and in order
to have snow and weather input from this generally high hazard
area available at all hours at the Forecasting Office, project
staff constructed and installed a remote, automatically
telemetered meteorological instrumentation system in the
Stevens Pass area during the autumn and early winter of 1976.
Wind direction and wind speed sensors were placed on top of

a 40-foot Rohn tower installed on the northeast edge of the

23.3
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01d Faithful ridgeline (a very active avalanche area affecting
the Stevens Pass highway) at the 4800 foot level. An existing
radiation-shielded temperature tHermistor (earlier utilized

by WSDH personnel prior to a break in the telemetry line),
located in a nearby fir tree along the same ridgeline, was
connected to the telemetry system to provide high altitude
temperature data. Another new, similarly shielded, thermistor
was installed at the Pass level (4000 feet) on the USFS snow
study platform to give lower altitude temperature input to

the Forecasting Office. Finally, a heated precipitation

gage, newly designed, tested and constructed by project staff,
was placed on top of a 20-foot Rohn tower (with wind baffles)
which was installed in a tree-shielded low wind area in the
Summit Lakes Basin to the southeast of the anemometer site.
See Figure 2 for more specific locations of these instrumentation
sites.

Although the past season was relatively light in comparison
with most Cascade winters, sufficient snowfall and winds (in
heavy riming situations) were experienced to give the

_instrumentation system a vigorous test. During the course

of the season, the newly designed anemometer system did not
rime-up and reliably indicated wind speeds near the 01d Faithful
slide area and at Stevens Pass in general (see Appendix C for

a detailed description of this wind speed system). Minor
modifications (e.g., improvement of heat transfer and lowering
of initial starting speed) of the anemometer system are
anticipated before further use, but the concept appears to

be quite reliable. The precipitation gage used at the Summit/
Grace Lakes Basin site consisted of a standard tipping

bucket rain gage mechanism incorporated into a newly designed
and constructed "snow precipitation gage." In general, the
modified precipitation gage operated quite well with resolution
to .01 inch. See Appendix C for a more technically detailed
description of this system.

Temperature-sensing units at both the high (anemometer site)
and low elevation (Pass level USFS snow study plot) sites
consisted of standard temperature thermistors housed in double-
radiation shields designed by Phil Taylor, project engineer.

In all instances these units have proved very reliable.

Telemetry equipment used in the automatic transmission of

data was housed in the ski area 1ift shack at the top of

Chair #5. A detailed description and outline of this equipment
and the telemetry operation is given in Appendix C. Phone

calls for Stevens Pass data were initiated automatically

every hour at the Forecasting Office by a one-number dialer
system (a combination of phone company and project engineered
equipment). An automatic answering device at the top of Chair #5
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FIGURE 2. Remote telemetry sites at Stevens Pass.
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answered the call and keyed a scanning device which then
sequentially transmitted sensor output (already encoded--
voltages converted to frequency) over the phone line to
awaiting decoders and recorders at the Forecasting Office
and at Berne Snow Camp.

Remote telemetry--Hurricane Ridge. In addition to re-
installation of the shielded temperature thermistor at
Hurricane Ridge, a modified wind speed sensor was also
installed at this site in the autumn of 1976, following the
recommendations in last year's report (p. 20 and Appendix C).
The wind speed sensor was newly designed and constructed by
project staff and is the same type of sensor installed for
the Stevens Pass telemetry system. The sensor and transmitter
were bolted to an existing telephone pole at the Hurricane
Ridge generator building, and were exposed to all but

rarely occurring east-northeast winds, where the pole inter-
fered. The telemetry to transmit the sensor input to the
Forecasting Office followed the same operation as last year.

Due to the light snow year, it is uncertain whether or not

the anemometer system had a true test in regard to the heavy
riming problem usually experienced at this site. Operation

of the telemetry system was quite reliable overall (especially
temperature values), but some recorded wind values were
substantially lower than those expected through meteorological
considerations alone. It is possible that high wind separation
from the ground occurs downstream from the anemometer site,
creating eddies on the summit, but this is not substantiated
by Park personnel. Another season of wind measurement at

this site (with some equipment modifications as discussed

in section 5.1) appears necessary before consideration of
possible sensor re-location. Substantial static in the
anemometer line may have caused distortion of the wind speed
signal and this problem needs to be corrected before real
analysis of the received wind speed values is possible.
However, with completion of the recommendations for improving
this telemetry system, it is believed that reliable real-time
weather information received from this site would give
forecasters significant lead-time on forecasts for storm
situations moving toward the Cascades from the west.
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This system provides the avalanche forecasteﬁ ih Seattle with automatic

APPENDIX C
Stevens Pass Telemetry System

hourly meteorological data from the Stevens Pass area via telephone lines,
and is shown in the block diagram of Figure 11. Sensor inputs from the 01d
Faithful Ridge tower, the Summit Lakes area, and the Pass road level are
connected by buried land lines to the telemetry unit located in the 1ift
shack at the top of Chair 5 (Brooks). The telemetry unit is connected by
phone line back down to the Pass. The sensors are interrogated from Seattle
utilizing a telephone auto-dialer under clock control, activated automatically
every hour, or manually, as desired. The phone call is routed to the telemetry
unit, which automatically answers, scans the input sensors in sequence, and
returns the data over the phone lines as a frequency modulated signal. The
signal is received in Seattle, converted back to analog, and presented on
a strip chart recorder (see Figure 12 for a sample record). At the end of
the transmission sequence the auto-answer and dialer units reset, and the
system awaits the next_activation.

As seen in Figure 11, the data signal was also planned to be received
at the Berne Snow Camp by a line leased from the telephone company. During
the winter 1976/77, this line was never operational, so this read-out was
re-located to the USFS Office at the Pass Summit. Following is a more
technical description of the more important components of this system.

o Wind Speed Sensor. This is an experimental University of Washington
design, illustrated in Figure 13, consisting of an aluminum disk
rotor heated electrically from beneath (through radiation and turbulent
conduction) to achieve rime-free operation. Heaters are Chromalox
Type A Rings; GE Calrod units were also utilized. Power is approximately
1200 watts and is controlled by a Thermologic Mini-Term Series 4200 Probe
and Proportional Controller. An Electric Speed Indicator Model WS-301
Speed Transmitter was used with no modification so that the standard
cups could replace the experimental disk if desired. In this case,
standard de-riming heat lamps were available. Due to its higher mass,
the experimental sensor does require slightly higher minimum wind
speed for initial cup rotation (<4 mph will not turn the cups) than
commonly used speed sensors, but this does not appear to be a problem
in avalanche forecasting where winds >10 mph are most effective in
wind transport of loose snow.
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Stevens Pass Telemetry System.
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FIGURE 13. Wind speed sensor.
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Operation was successful, and minor improvements in design are
planned for any future operation.

Wind Direction Sensor. Electric Speed Indicator Co. Model F420-C-Z2R.
These sensors are mounted on a 40 foot Rohn tower, guyed.and braced,
in the 01d Faithful Ridge area.

Air Temperature Sensors. YSI Thermistor, University of Washington
bridge circuit and double radiation shield housing.

Heated Precipitation Gage. This is also an experimental design by
the University of Washington (illustrated in Figure 14). Incoming
frozen precipitation is melted as it settles through a heated oil
bath, collecting in the funnel bottom which is connected by tubing '
to an overflow device. Equilibrium is such that an equivalent amount
of water dribbles away to the measuring device, a Metrology Research
Model 302 tipping bucket mechanism (200 contact closure tips
representing 1 inch of water on the collection area). The oil bath
is heated by thermal conduction from a lower pan filled with anti-
freeze solution, and containing Chromalox Type RIN Immersion Heaters,
with a Chromalox Thermoswitch acting as a thermostat. Total heating
available is about 400 watts. A 50 watt light bulb was placed in the
air space under the pan and was adequate to prevent freezing of the
tipping bucket mechanism, the waste drain, and the connecting tubing.
A “blue-foam" sleeping pad from Recreational Equipment Inc. was used
as an insulating layer around the gage. A Weather Measure Model P565
Wind Shield was mounted with the gage on a 20 foot Rohn tower in the
Summit Lakes area.

Instrument Towers. The instrumentation towers at the 01d Faithful
ridgeline/anemometer site and at the Summit Lakes Basin/precipitation
site were installed in late autumn, with consideration given to
expected snow creep, high winds and/or tower riming. The tower

support system at both sites consisted of a 500 pound reinforced

" concrete base with imbedded lag bolts to which the hinged tower base
plate is bolted. At the more exposed anemometer site, 27 foot tubular
aluminum side struts with concrete bases were attached to the tower

at an angle near the 20 foot level to help prevent possible snow

creep and wind damage. The towers, themselves, are composed of 10 foot
triangular Rohn tower sections (#25 AG), and guyed with 3/16 inch steel
cable. Examination of the tower systems after the winter showed no
signs of weakness and in general the towers appeared to be of adequate
strength for use in an extreme mountain environment.

Telemetry Land Lines, Power Cables. Instrumentation telemetry

utilized six-pair, armored, direct burial wire (19 AWG) which was
buried in the autumn by polaski and shovel over most of the distance
from the top of Chair #5 in the ski area to the instrument sites,
through the Grace/Summit Lakes Basin. Very uneven and soggy ground
prevented usage of conventional ditch-digging equipment. A combination
of existing and newly-installed USFS wire was utilized from the top

of Chair #5 to the Snow Ranger's quarters at the base of the ski area
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FIGURE 14. Heated Precipitation Gage.
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where the phone lines to Seattle and the Berne Snow Camp are located.
Any splices necessary in these lines were soldered and taped firmly
with electrical tape and a waterproof, selfesealing rubber compound
tape. Junction boxes hoisted into trees along the burial route
provided field staff access to the line if necessary during the winter
season. Necessary power for heating instruments during the winter

was provided by the ski area management and electrician. Power hook-
up was made at the top 1ift station of Chair #1 in the ski area, where
circuit breakers and a step-up power transformer were installed. Step-
down power transformers were required at both instrument sites. These
transformers were custom designed and supplied by Tierney Electrical
Manufacturing Co. Power lines utilized were rated for direct-burial,
and were a combination of 8-1, 10-2 and 12-2 power cables. The 12-2
cable was surplus, in poor condition, and needs replacement. These
lines were buried over much of their distance to minimize problems
with snow creep and rodents.

o Telemetry Unit. Major components are a Bramco Model AA-1 Auto Answer,
a Singer RC4-8 Cam Scanner with Al18 gear set, and a Richard Lee Co.
Model TX-1 RM transmitter. Precipitation gage bucket tips are
accumulated with a Haydon Stepping Motor No. 31316 coupled to a
Bowons 3435S single-turn, continuous rotation potentiometer. Standard
Power, Inc. CPS-15 Series power supplies were used. In addition, a
Bramco Model ME42C Tone Encoder was used to activate the Berne Snow
Camp recorder. .

e Forecasting Office, Seattle. The clock control used here was a
Midtex Cyclemaster Model 620-7595, with an Industrial Timer C5F-5M
relay. The Auto-Dialer and its associated Model CBT Data Coupler
were leased from Pacific Northwest Bell. A Singer RC4-4 Cam Timer
with A18 gear set was used for control. The telemetry receiver is
a Richard Lee Co. Model RX-1 FM Data Receiver, and the strip chart
recorder was an Esterline Angus Model MS401 BB Miniservo.

o Berne Camp Read-out. Utilizes similar Singer Cam Timer, FM Data
Receiver, and chart recorder as above. In addition, a Bramco Model
MD42¢c/P Tone Decoder was used to initiate data recording on command
from the telemetry unit as it received a call.

The telemetry system performed satisfactorily, although some difficulties
were encountered in using some pre-existing buried land lines. These would need to
be replaced for any future operation. Continued development in the sensor
technology initiated here is important to insure data quality during stormy weather.
This scheme for automatic analog data transmission over the phone lines has
a great deal of inherent flexibility, and should easily accommodate future
changes in the avalanche data network.
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Hurricane Ridge Telemetry

During the winter of 1975-76 the system described here was used to
telemeter air temperature measurements from Hurricane Ridge (northern
Olympics, altitude 5300 feet) to the Forecasting Office at the National
Weather Service office in Seattle. The measurement is made by manually
interrogating the sensor through a regular SCAN phone line and standard
Park Service communications radios located in Port Angeles and at the
repeater on Hurricane Ridge. The sensor responds immediately, giving the
forecaster a direct visual reading of the existing temperature, supplementing
the regular twice-daily radiosonde temperature data obtained from Quillayute.
During critical storm periods, for example, hourly readings may be made.

Referring to the attached block diagram, the system operation is
as follows: Using a touch-tone phone the Seattle forecaster dials the
telemetry phone number at Park Headquarters, Port Angeles. This phone
automatically answers, connects to the Park Service radio network, and
monitors any voice traffic that may be on the air. Finding the radio
busy for more than about 30 seconds, the forecaster would hang up and dial
again later. The remote phone hangs up automatically after about one
minute. If, however, the forecaster finds the channel clear he interrogates
the sensor by pressing one of his touch-tone digits (pre-arranged) for
about one second. This tone (tone A on the diagram) is decoded at the
Port Angeles site, and in turn keys the radio transmitter which sends its
own one second tone (B) to the Hurricane Ridge repeater, turning on the
telemetry unit. The telemetry scanner then sequences through an automatic
cycle lasting 7-8 seconds, consisting of the air temperature (5 seconds)
and calibration inputs (2 seconds) which are converted to frequency, and
pass through the output relay to modulate the Hurricane Ridge repeater
transmitter. The scanner resets automatically after about 20 seconds.

The transmitted signal is received back at Park Headquarters, and the
audio portion is sent over the phone line to the Seattle forecaster where
it is converted back to analog voltages and displayed in sequence in degrees
Celsius on a small digital panel meter located beside the phone. The
forecaster then hangs up, and the Port Angeles auto-answering unit resets
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APPENDIX C (continued)

shortly thereafter. After about one minute the process can be repeated if
desired. The system was used as sparingly as possible, however, in order
to minimize interference with routine Park Service communications.

Mr. Ron Richmond of Olympic National Park was especially helpful in
setting up the radio link. Park Service personnel were also able to manually
interrogate and read out air temperature from Park Headquarters, which helped

them schedule maintenance trips to Hurricane Ridge during the winter.
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TELIDETRY SYSTEE OF o hTIeT

General

——————
o First read gZ?bAEF;f}L_, which have been copied from WSHD Research
‘ Program Reperts 23.2 June 76 and 23.3 June 77 which will provide a

generalized description of the system, and some of its historical
development. The rost recent system block diagram is shown

with a sample readout on page /21 This shows the addition of the
second one-number dialer during the Fall 77. Following is a more
detailed description to be used while referring to the attached schematics
and timing diagrams.

Check List for Normal Operation

Power (M Weather Service Bldg., Control Box
- Stevens Pass Telemetry Unit
" " Heater Power for Wind Speed and Precip. Sensors
" " Study Plot Readout Contrel Rox
Port Angeles Control Box and Radio Transmitter/ Reciever
Hurricane Ridge Telemetry Unit
" " Radio Transmitter/Reciever

" " Heater Power for 'iind Speed Scnsor

®

Auto-Answer TIVER IN
MANUAL  CUT

Scan Motor Switches CN

Strip Chart Recorders on_
1 vde full scale
either 2 or L cm/min chart speed
Pen DOV
Adequate paper

Sensor inputs and phone lines connected, line to Study Plot connected.

Note on Interpreting Timine Dingrams

The circled nurber, for example (:) , iddentifies the cam switch in the
scarmer. NC, ( normally closed) or 170, ( normslly open) fefers, to the contact
in that switch which cennects to the C, (common) to provide the desired
function.
Cam timing and indexing arc easily changed with a 1/L" box wrench and

. finpers - see the enclosed instructions. Cycle times may be easily
changed by exchanging cam gear sets. Use caubtion to avoid upsetting the

logical flow of events,



C N

Weather Service Blde. Control Box

This unit controls the Lwo aulodialers ( one for Stevens Pass, one
for Hurricané-Ridge ) on a pin-programmed clock control, and turns on the
strir chart recorder. The €lock activates fypically every hour; its NpO.
contacts close, starting the timer, whose NO. close for the setting of about
5 3 minutes. The output is Timed A0 which operates the recorder, and fires
the solenoid on the scanner, which then controls the scanncr motor throuch
the contacts set. when the Tined A0 shuls off ( tor - oo .0.) the

&
recorder stops, the solenoid releases so the motor will stop when its control
contact releases at the end of one revolution. About 9 minutes later the
clock goes back to N.C., rumoving power from the timer allowing it to reset.
If Manual ‘trigaering is desired the togrle switch must remain CN until the

timer has completed its run. ( The timer resets when the Manual switch is turne

off.)
A few seconds after the scanner starts, (:) goes H.C2, croundine the

(H1 contact to CET1 ( off-hoo command to Data Coupler # 1 - sce attached

Bell literature on these terminals.) This dials the phéne number for the
telemetry unit at Stevens Pass, and takes about 10 seconds. DA ( Data Access)
conmﬁnd is Off while dialins. Scanner (:) roes N.C. groundine DAL Lo Lhe

CBTL terminal, conrecting the phone line to the DT1 and DR contacts to the
telemelry receiver RX-1. The receiver converts the incomine FIY Lo O-lv analog

d.c. which is sent to the strip charl recorder. After about 3 minutes () and
goes N.O. , Ol and DAl go open, hanging up the phone. A few seconds later

3 roes N,C., labelled "OH2", which activates the Phone Line Relav and the

Recciver Tnput Relay, switching their respective functions to the #2 dialer and

its CBT2. In addition, the Receiver Input Relay srounds the CH? contact,

dialing the number for the Hurrincane Ridge telemetry. <:> then roes N.C.,

prounding the DA2 contact to CBT2, connecting the phone line to the telemetry

3
a
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receiver. About 2 minutes later DA and "CH2" cpens, releasine the Thene

and Receiver relays, releasing CH. and hangine up the phone. About a half

minute later the timer runs out stoppine the recorder, and relessésn- the

L8]

motor control solenoid, allowine the scanner to stop automatically at the

end of its 6 minute sycle. After a wait of'nbout 30 seconds to be sure the
remote stations are hung up and reset, the system may be re-interrosated
manually, or the clock dial may be moved ahead tc the next hour position.
Instructions for setting the clock pins are inside the clock cover - CAUTIMN-
The pins are L.H. thread. Pull out the power plus while setting clock to

prevent false triggering. Motor ON-Off switch is used te step or manually

advance the scanner in mid-cycle while testing. ( Timer still runs). To keep
one of the numbers from dialing 1ift its OH wire from the terminal strip.
The CCT1 and CCT2 lites, indicating a "coupled thru" connection , were removed
_ NWEIYKEEREXERINERY :
to reduce the lcad on the 24vdc supply. (If desired to check, use Ehmx?xxﬁ
: ohmeter -

thev ecround when "coupled thru'). Tre dialers and Uuta Couplers are Hell
u), [ f }

Telephone equipment, so call them if the trouble is there.

Stevens Pass Telemetry Unit

Refer to Instrument and Fower Cable Layouts, Sensor Locations, Wiring
Diagrams, Schematics and Parts Layouts, Timing Diagrams for the scanner
seouences are also included,

huto-~answer and Scanner Control

Vihenever this phone number is rung the AA-1 Aubto-inswer answers the

line sending Switched 12vde  to its terminal 15, and cennects its diverted line

( terminals 6 & 7 ) internally throuch coupling transformers to the incomine

phone line. The Switchbed 12vde line supplies powcr to the Tone Enceder, sand

is also used to activate the Study Tlot Relay and the Saitched 110vas Relaw,

The first relay connects Lhe phone line in parallel wilh the line runnine down te
the Study FPlot; the second sends 110 vac to the scanner solenoid, startine the
scanner, The Auto-inswer will automatically hang up upon completion of an

internally generated Liming cycle, releasing the two mentioned relays,
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disconneeling the phone line, the “tudy Plot line, and removing poser from |

the gcanner motor solenoid, allowineg Lhe scanner Lo complete its sycle and
stop. The unit may then be re-~interrorated.
A few seconds after the scanner starts, its (E) contact goes N.C., sending

a coded tene ( touch-tone digit 7 ) from the Tone Encoder pin 3 to the

AA~1 term 6; and sends it down the line to the Study Plot., This tone is on

for mmdx a couple seconds, and is used only to start the Study Plot Readout,

() then goes N.,O., removing this tone from the output line, After about
10 seconds ( to be sure that the VWeather Service Blde. Recorder has an adeouate
"leader" ) @ & @ contacts are activated: @ goes N.C. connecting

the bridge circuit output to ferminal 1 of the TX-1 Data Transmitter. The

bridge input at this time is the C-libration resistance since is M.C..
The resultant data FY¥ sipnal from TZ-1 term 3 is sent through N.O. contact
to the AA~1 term 6 and down the lines,

About 15 seconds later (:) goecs N.0,, removing the calibration resistance

from the bridre and connects the Tass Alr Tenmp Lhermistor since (:) is N.O,,
About 15 seconds later ZEXXEPEEXMIELY C) roes N.C., exchanring the Tower

Air Temp thermistor for the Pass thermistor. After ancther 15 seceonds

(:) goes N.C. removing the pridre circuit, and (:) resets to its N,O. position.

At this time (5) goes W.C., connecting the oulput of the Frecipit-tion

Courter circuit to the TX-1 transmitter. In seauence, C) and 69 representing

i/ind Speed and Vind Direction respectively, operate in turn.

As (:7 goes N.O. upon completion, (:) goes N.C. removines inputs from the
TYX-1 Data Transmitter. About 15 seconds later the AA-1 Aulo-inswer times nut
and hangs up, and aboul 15 seconds later the scanner completes its one

revolution and stops.

Sensor Notes

All sensor outputs from their respective conditioning circuits to
the input of the telemetry scanner and TX-1 Data Transmitter are O to

# 100 mv de over the measurement range. The two thermistors ( tower and p1ss
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air Temperature), and the calibration resistance are conditioned by the f%i"¢}

Bridre Circuit pewered by the Floating 12 vde Supply. This supply is Lo be used

only for the bridye circuit., The Eerular 12 vde Supply is used for the

precipitation and wind speed circuits, and to supply power to the A4A-1 iuto-
may
Answer Unil, and my be used as a source of power for subsecuent additions,

A floating 5 vdc 1is used only for the Wind Direction circuit. Pefer to the

attached schematics, dnstruction sheets and calibration procedurses for more
information.

Both the Stevens Pass and lHurricane Ridge anemometers are of exrerimental
deéign with a disk rotor mounted over a flat heater ring providing derimine
power, Heater control is provided by the ¥ini-Therm eguipment. The precip
pare 1s also of experimental design of the tipping bucket type, with heaters
and thermosaitch in an oil bath. Drawings, wiring diagrams, and instruction
shéets are attached for these units.

Study Plot Readout

This unit is located in the Study Plot 2t the pass, and is line connected
to the Telemetry Unit. It hss nothing to do with the phone line, and is desicned
only to provide a local recording whenever the Telemetry Unit is cycled.

This 1is accomplished by the Encoder Tone pulde that is penerated at the

beginning of the telemetry scan, and which is sent down a separate line to the

Study Plot Readout. There it trigeers the Tone Decoder, so that its contacts

go N.C. providing a start scan A pulse to the scanner solenoid. A second

or so after ths scanner starts (:) goes N.Q,, disconnect the decoder. A few
seconds later (:) roes N.0O, presenting 110 vac power Lo the recorder. At ti.is
point is still M.C. shorting the recorder input to make an i,ndex line alone
the left margin of the chaft, A few seconds later (:) poes N.C., and when the

telemetry signal is received on the line is converted in the RX-1 Telemetrv

Receiver to a O to £ 1 vde analog and presented to the recorder. Shortly
before AC power to the recorder is removed <::) goes back to N.C., shorting

the input again. AL this time the decoder is reset to the incoming line by
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@ sroing N.C., and shortly thereaft:r the recorder is stopped by @ going
N.C.. The scanner completes its ore revolution and stops when poes N.C..
Tverything is now ready for the next eycle,

Mote: [Jemember that this wijit is slaved to the Telemetry Unit, and

has nothing to do with the phone line or the ¥eather Service Blde. Control Bex.

Hurricane Ridge Teleneclry

Refer Lo attached schematics, wirine and timing diarrams., As secen
from the attached block diagram this equipment is phone line interrogated
automatically from the Jeather Scrvice Bldr, Tonlrol Hox, Jhenever the

in Port aAngeles .
phone nunverAis runs the AA=1 Jubo-inswer answers the line, and sends 12vdc

to the Torie Control Unit, This circuit produces a 12 vdc on pulse of about

2 seconds duration which is sent to and keys the Park Service owned radio
transmitter, sending a tone up to the Park Service Receiver at Hurricans Ridve,

This receiver Lhen closes a set of contacts for about 2 seconds that provides

the start pulse to the Telemetry Unit, The telemetry sirnal is fed to the
Park Service transmitler, to the receiver in Port Angeles, presented to terms
6 and 7 of the Auto-inswer where it is transformer coupled to the incoming
phone line and sent to Seattle,

The telemetry scanner then completes its cycle and stops, and the Aute-
Answer times out and hangs up, and awaits the next phone call,

The radio equipment is owned and miintained by the Parik Service, the

present Communications Tech, being Dave Zitell ( 457-5082 ), whoe also use:s

[}

local interrogzation to receive Hurricane Ridye weather. Check with him
on anything to do with the Port Anreles or Hurricane Ridre installations,

Returning to the Hurricane Ridre Telemeilry Unit , the incoming start

pulse sends a momentary 110 vac pu Lo the scanner solenoid, starting the
scanner, About 4 scceonds laler (:> goes N.O, which provides a closed circuit

which keys the radio transmitter, sending the telemetry signal to Port Anreles.

Sinee (:) is N.C., this sipgnal is the Full Scnle Calibration , About 15



sceonds later @ poes N.O, and C) moes N.O, sending air Temp. At about as
30 seconds 0 foes N.C.  and @ foes N.C. sending out iind Speed. At about

PN 55 seconds @ goes M.C., stopping radio transmission, @ goes  N.O, ending
. ~ind Speed, apd @ roes N.C. returning the Calibration sinal., At 60 seconds

@ goes N.C., stopping the cam. The unit may now be recycled,
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Cperational Fielj Check

Stevens TPass Telemetry Box
"1) Open box, check sensor inpul connections.
2) Plugiin AC power, check lite,
3) Check that:iuto-inswer Timer is IN
" *Vanual is OUT
Scen Motor Switch is ON

L) Push Call BF on Auto-inswer. 3mall red lite should come on, Study
Plot Relay, Suiitchad 110vee Relay, and Scun Solennid  should activate,
scanner snenld start to turn,

5) Sequence of events should be according to the Timines Diaoram, Just
before scanner completes one revolution, the Auto-Answer should
hang up, the above relays deactivate, red lite on Auto-inswer goes
out. Shortly thereafter scanner completes its revolution and stops,

Note:

T Auto—Answer timer should bLe set to time out between end of Wind Dir (:>,
and end of Motor Control f9). If too soon, data is lost; if too 13ttt
scanner solenoid does not release, scanner will start another scan,
and output will be interrupted in mid-cycle. Reset time adj. en
back of Auto-inswer if necessary. ( Has not bezen necessary to date).

6) Now check operation in more detail, Push Timer on Auto-inswer oUT,
turn Scanner Motor Switch Off.

7) Push Call Up  on Auto-inswer, Relays and solennid will activate;
cam woen't turn, and auto-=tngose wonth Lhoe mal

Cennecct Data I'recision 245 DVIY, or ecuivalent, on the Urper Deck

board to Junction Point ( sterped 100 mv from scanner). Ccnrect.
- Lo term post just avove which is the ~12vdc (rerular) and sensor
output conmon. Set DVA to resolve at least 1 mv,

9) Move knurled disk at the end of the camshaft ( in direction of arrew)
slowly until C:)is activated, Neter should read 100 mv £ 2 nmv.
Move scanrner on through the rest of the secuence, noting readines for
cach sensor position. Scanner may be moved forward or backward as
desired. Chech that feadings are reascnable:

DVNT
O 100mv
Calib. full scale
Temp. ~L0F 7 60F
Precip. ( 1 step per mv.)
Jind Spd, 0 100 mph

Wind Dir. NE S N

10) Before completing scan, push Resel on Auto-Answer, releasing relays
and solenoid, Move scanner with knurled disk in direction of arrow
until it lecks al the end of its cycle.

11) Push Timer IN, turn Motor Switch O, repeat L) and 5) above.

Close box,

Operational Check from any telephene
1) Call the phone number of the telemetry unit.
2) Number should Bing once, then the timing secuence of events of FM
tones, and hang up should be heard.
3) A strip chart recording will be made at the Study Plot Readout,

Chack of Study Plot Readout
1) If at Telemetry Unit; perform (:) L - 5; observe readout later.
2) If at Study Flot; perform (:) 1 - 3; observe readout,
3) Compare strip chart record with DV¥ values taken in (:) 1 - 11.
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2) Vove Manual toerle avwitch Lo Ct. Observe events described under
neather Service Contrel Box, and observe the Strip Chart Recorder, -
“when cycle in complete, move Manualtopgle switch OrrF,

Qll) Operatiofal Check from centher “crvice Bid., :
' L) Cpen Contreol Hex, check (0 voser on, ;;l ;

<::) Operatiomal Checit of Hurricane Ridge Telemetry

If at _any phone:
1) Call the phone number at Fort Anfeles,
2) Number should ring once, then the timimg sequence of tones

and hang-up should be heard.

If at Port Angeles:
3) Open box, check AC on.
L) Check Auto-inswer Timer IM, Manual CUT.

5) Turn up audio vclume on the radio receiver.

6) Push Call UP on Auto-inswer, small red lite shonld come on.
Radio transmitier should key.

7) A few seconds later the telemetry signal should be heard on
the radio receiver. 1 minute later it should stop, and
shortly thereafter the Auto-inswer should hang up.

If at Hurricane Ridge:
~ &) Upen telemetry box, check AC power on.

9) Attach oscilloscepe, or 6C0 ohm earphone to terminals 3 anrd 4
on TX-1 Data Transmitter, The calibration sirnal should
be present. Alternatively, or in addition, have scmeonc
do 5) above at Port Angeles.

10) Manually start scan by depressing motor solenoid plate.
Scanner should run through events on Timine Diweram;
telemetry sirnals should be observed. After 6C seconds,
one revolulion, the scanner shcould stop,

11) Now check telemetry unit in more detail. Remove AC powver,
remove one wire from the scan motor teriminal strip ( there
is no ¥otor ON-Off switch here). Remove one wire from

Attach the Data Precision 245 DV ( or equiv.) to terminals
1 and 2 of the TX-1 Data Transmitter. Set DV to resolve
1 mvde.

12) Plug in Ac power. Kanually depress the motor strarting
solenoid lever, releasing cam. DVY should read the calib
voltage of loo mv ﬁ 2 mv. Move the xnurled disk at the
end of the camshaft ( in the direction of rotation of the
arrow) slowly while observing the reading for air temperature
and then wind speed. Scanner may be moved forward or
backward. Check that readings are reasonable:

DV¥
0 ) 100 mv
Calib, full scale
Adr Ternp -LOF A 60F
Wind Speed 0 100 mph

13) Move scanner until it locks at the end of cycle. Unplup AT,
replace motor wire and Output Control wire, Apply AC.
Hepeat 8 -~ 10 above to check operation. Close box.



Calibration PProcedures -

(}:) Calibration of Stevens Pans Telemetry Unit
i 1) PcrformL£§ 6 -9

ri— N
. ~

3) Set t

Temperature Calib.
Remove thermistor inpuls to Upper Board, and attnch decade resistance

box and lead resistors as shown on page . Best points are

-10F and %BSF ( or %BEF). The decade box will be used to substitute
th- thermistor resistance at different temperaturcs, and the lead
resistors simulate the long wires between the sensor site and the
telemetry unit. ( if lead resistors are not available, set the
decade box to a value representing the thermistor resistance plus
the correct lead resistance.) NMove scanner to Pass Temp input.

he decmde bex to a vilue of -1CF ( 7808 ohms), adjust Bridee gero
pot Tor DVM readine of 30 mv.

L) Set decade box to %35F (2501 ohms), adjust Bridse Excitation Vnoltace

pot for DViY readins of 75 mv.

5) Repeat steps 3 and L several times until no change 1is required. Check

across temperature span with the decade box, comparine Lo previcus
calibration; fer example that of 2 Nov 77. Note that that curve is
non-linear at each end % calivrating at the -1CF and A35F points
gives the best compromise over the measurement range. If desired,
£32F may be used and set to 72.0 mv, so that freezing point may

be accurately neasured by the telemetry. Lead resistence and
decade box should be set to within a few ohms ( sy 5) of the
correct value, If desired, set DVM to resolve .l mv; and make
calibrations to wilhin a few tenths, However,resolving 1 mv,

xhxek corresponding to 1 F, is adequate for this system.

6) Now move scanner Lo tower temp input. Adjust the Thermistor Le.d Res

pot farxsaxexxak for same DV reading at some temperature as
you had on the pass temp input., Both thermistor circuits

now have the same total lead resistance. ( The setting of this
pot is the difference between the two).

7) The bridge is now calibrated. MNow move scanner tn the calibratéen

8) Move

9) NMove

resistance input. Adjust Full Scale Calib, pot for 100 mv
on the DVI,
scanner to Precip. input. Push manual step button of Upper Reard,
neting DV valaes increase 1 mv per step. At some point the

counter pot "crosses over" to zero, Locate this cross-over point,
and set Precip. Full Scnle Calib  pol so DVM reads 60 mv.,

Vanually step across the cross—over to be sure youn have itt. With
vour fingers you may rotate the coupling belween the storpine noter
and the pot in either diredtion to save button pushineg if you nnve
a long way tc co. 6C mv. is used ( Yar 77) beaause only 60 tips
can be accumulated by the stepper. This can be clianped with a
little redesign so 100 tips are accumulated for 1C0 mv full scale
output - see noles in the precip. counter scction of this book.
scanner to Yind Speed input , and remove bolh input leads from

the anemometer. Kove the positive lead of the DVN and connect

‘Lo the = input terninal of the wind speed sensor input, ( Neg.

lead still on power and sienal common). Adjust iiind Bias. pot

on the lower deck board for %.35 v, on the DV, This voltage
corrects for the calibration curve for the ancnmmeter not passine
through the origin. ( See attached plot).

Return positive lead of DVM to the Jnction Point.

Substitute and input voltagre source ( 3 or 6 v. ok ) throush

the correct lead resistance ( &4 ohms ) to the wind speed sensor
input to the lower board. Measure voltare at tLhe source ( the
battery ) and calculate the ecnivalent wind speed from the
following:
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Example:

Yiind Speed,

volts £ .35

-'l‘}»h - Long

if source voltage measured 6,17 volts,

Adjust ¥Wind Speed Full Scale 4dj

wind speed -~

Voltagpe
845 v,
6.69
1&'93
3.17
2.29
1.41

‘[)3
0

()017 7 cis

ceg

7h .1 mph

pot to this value in mv; in this example
Th.l mv., since O to 100 mph equals O to 100 mv.

Check other points using a variable voltare source:

baquiv, ind Speed

1CO mph
£0

60

40

30

20

10

L (bias)

10) Yove scanner to .ind Dir inpul. If you have radio communication to
a person on the tower calibration may be mide this way, If not,
disconnect Wind Direction inputs from the Lower Bouird, and reconrect

the vane with the correct lead resistances (42 ohms cach lead) to

29

the inputs. ith vane pointed toward the reference line ( u- tie
flat on the shaft if vane is removed) the internal transmit!ire

pot is on the edre of cross-over,

Move vane slightly CW, then
> - b

slowly back/CCW until you gel the minimum DV reading. ( DV eon

Junction Point, as described above.)

for O mv, Now turn the shaft and vane

voltage just before cross-over.

for 1C0 mv,

( If the vane cannot be connected, calibration can be done with

vr

v and find the highoo

Adjust Wind Dir. Full Scale p

Adjust Wind Dir. Zero pot

t

{

el

a 200 ohm resistance. Conrect with proper lead resistances - sece
KRHRXhh&ﬂshﬁxznﬁxxMEXXxkxﬁmxﬁxfﬁxxthﬂxzmxmxadﬁnskmﬂntxahmxm;x
the schematics -~ and short A to C for the zero adjustmont above,
and then short A to B for the Full Scale adjustment. )

Move vane around CW, watching the DVM to be sure values increase

in a linear fashion in that direction.
11) Discennett test cquipment and reattach all sensor inputs.
Telemetry Unit is now calibrated.

Perform (:) 10 and 11,

t

)
{

e

12) To check the Ti-1 Data Traunsmitter, connect its »  terminals 3 and /

to terminals 1 an 2 of the spare RX-1 Data Receiver. Supply 110 vac
to the RX~1, and to its output terminals 3 and 4 connect the
the DVK set for 1 v. full scale, or connect the Mini Servo Strip
Chart Hecorder. Check recorder zero and full scale as given in the
Instraction Manual for the recorder.
Perform 1 - 11, Operational Field Checlk, or perform the

Calibration Prccedure

&
RX-1 output ( O to A100 mv in produces O to £l v out ) and refer

1 - 11 above,

Compare TX-1 input to

to the instruction sheets for these units if it is not ripght.



@ calibration of Hu-ricane itidee Tolemetry Unit
1L1o SCARIELNALALS ge_ptemerry vnt
1) Terform \B) # - 1.
2) Substitutd a decade resictance box for the thermistor input. ( Mo
lead resistance is necessary.) dove cam to Alr Temp input,
3) Set decad: box for a value at - 108 (7208 ohms). Adjust Bridee Zcro
pot for 30 mv at the TE-1 input.

L) Set” the decade box for the value at £35F (2504 onms), and adjust
Bridge VoltaﬂQJ Vb pot for 75 mv,
5) Repeat steps 3 and 4 above scveral times. Compare to previous

callbrﬂtjon for example the calibration of & Nov 77.
6) Move cam back te Calibration, and check the DVe for 100 mv.

1f more than 2 mv of f el hm' way, adjust R_cal, or if this is
a fixed resistor, make very glnnht ad jus Lment oI the Bridee Oubput
pol.,

7) Recheck 3 - 6 until all values check., Check across the span with
the decade box, comparing to previous calibrations.

8) Move scanner to Wind Speed input . Disconnect the wind speed sensor
input. Czlibration procedure is now the same as F 9 abdve,

9) ¥ove scanner until it locks at the end of the cycle. Unplug AC pover,
replace Yotor wire and Output Control wire, and cennect Alr Terp

d Wind Speed sensor inputs. R eapply AC power and performn

10,
10) To check the TX-1 ata Transmitter do so similar to () 12 above,
while performing - 9 above.

<:>'Calibration of RX-1 Dala Receivers installed in Study Plot Headout and
the Weather Service Bldp. Feadoul.

est proceiur@ is to remove the RX-1 unit, and connect Lo the
spare TA=1 Data Trancmilter in a bonch check, Supply 110 vac to both
units, attach a O to £100 mv source to the TZ-1; and a O to £1 v de
reading DVY, or the !ini Servo Strip Chart Rec )rd er, or both, to the
output of the RX-1 Data Receiver.

Check the recorder zero and full scale as pgiven in its Instriction
Vanual., Vary and measure the TX-1 input and corpsvre to the desired
RY-1 output. Refer to the Instruction Sheets for the I%~1 and the -1
for calibration or trouble-shooting,
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Some Trouble-Shooting Susprestions

First refer to Normal Operation Check list, pape . Problem sometimes
is power off al the remole sites.

If remotes are missing on the readoul, call them manually. Somctimes call is
not. completed due to phone company problem, especially to Stevens Pass.,

The T¥-1 and R¥-1 Data unit boards sometimes act up, or go bad. Had one
that was intermittent. Best thing to do is to replace with spare; if you
don't sce an obvious fault on the board return to factory.

90% of remaining problems have been with cables between the telemetry unit
and the senfor sites ( Stevens Pass) . Symptoms are: Screwy readouts for
calib and temperature caused by bad connections, voltage interference picked
up by cable, insulation resistance changes from wet or smashed wires.,
Since the tower and pass temp and calib use the same bridge circuit ( at
Stevens), ang problem in onc will probably affect the readout of the
other two. Disconnect both ends of cable and "ring" out. Check series
resistance ( compare to cable diagram, normal lead resistances) and check
insulation resistance. Also check for residual voltares,ac and dc, on the
lines. Some old lines are being replaced this fall (78),

8ince the Study Ploi Readout is in parallel with the phone line Lo Seattle,
a problem in the line from the Telemetry Unit down to the Study Flot could
affect the &uality of the signal to Seattle. Disconnect to check, »x

If you have any reason to go th Port Angeles or Hurricane Ridge, chech with
the Park Service Communicaticns Tech first.

If you wu have probleme with the wuto dialers or daba couplers call the
phone company.

If sensor readouts don't em risht, don't jump to conclusiecns thal it may
is the electronics. Toup cans rmay be plusged with snow, ancemometer may be
rimed, vane may be rimed, precip page may be covered «with a snow cap.

Use caution when working on the sensor heater power circuil., Thex There is
500 volts in there.




FORECASTING CENTER CONTROL

(National Weather Service, Seattle)
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Catalog Bulletin #206

b The switches used on the Cam Timer Scrics arc Snap
Action, Single Pole Doublc Throw totally enclosed
micro switches, each switch is marked Normally Open

(N.O.), Normally Closed (N.C.) and Common (C).
These markings designate the condition of the switch in
relation to the low or detent portion of the cam. A cir-
cuit is completed between the Common and the Nor-

SYNC. MOTOR

TIMER
SWITCH

NORMALLY
CLOSED

NORMALLY
OPEN

e {commMoN

LINE

WIRING DIAGRAM ONE OR MORE CAMS

mally Closed contact of the wwitch when actuator arm
is in detent. Therefore, by seiting the cam opening at
1095, the contacts will be Jlosed for 109 and opened
for 90% of the total time cycle. By wiring the switch
to cither N.O. or N.C. the load “on time” can be ad-
justed for a total of 29 to Y8% of the total overall
time cycle.

Caolibroted

Drum

Index

The cam opening may be adjusted by loosening the cam screw
and turning the movable cam to the required degree of opening
and then re-tightening the screw.

Refer to Catalog Bulletin # 206 for gear rack chart and dimensions.

INDUSTRIAL TIMER

A UNIT OF ESTERLINE CORPORATION

INDUSTRIAL TIMER CORPORATION U.S. HIGHWAY 287 PARSIPPANY, N. J. 07054



TIMING SEQUENCE...MC & RC

(Multi-cam Types)

Each cam is individually mountcd on the main shaft
by mecans of a heavy duty friction which allows for
easy finger adjustment of the timing sequence. The
cams also incorporate a drum calibrated from 0% to
100% . Facing cach calibrated drum is an index pointer
for the cam scquencing.

1. Set first cam at zero on drum using index pointer
as a guide.

2. Calculate the percentage of time difference when
cam #2, 3, ctc. should be operated. For example, if
the overall time cycle is 60 seconds, the first cam is set

at zero; if the next operation is to be started 15 scconds
later, or 25% of the total overall time cycle, the second
drum is set at 25%, against its index pointer. If the
third opcration is 15 seconds later, the third cam will
be sct at 50%, etc., additional cams are set in a like
manner.

The kourled disc at the end of the ¢amshaft should be
held to prevent movement of the shaft while sctting the
sequence of individual cams. It may also be used to
rotate the entire shaft for checking out program set-up,
prior to timer operation.

CHANGING TIME CYCLE

1. Gear racks are interchanged by removing the gear

rack screvs. To prevent binding of gears when installing '

another gear rack, be certain there is a good amount of
gear play. NOTE: the number and letter are stamped

on the gear rack and should always face the cam shaft.

2. Additional gear rack assemblies for changing over-
all time cycles are listed in catalog gear rack chart.

ELECTRICAL CHARACTERISTICS

1. Cam Timers rated for 115 volt operation will oper-
ate within a range of 100 to 130 volts A.C.

2. 220 volt units will operate within a range of 205
to 240 volts A.C.

3. Switch rating 10 amps.

RA AND RC INSTRUCTIONS

For motor control switch and start magnet

Wire motor control switch as shown at right. Start
timer by encrgizing the start magnet which, in turn,

mechanically operates the switch.

For single cycle operation, cnergize the start magnet
for a period which is less than the time required for the
timer to complete a full cycle.

FFor continuous recycling the start magnet may be encr-
gized for any period of time. When released, the timer
will run to the “O” position and stop.

e l
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Refer to Catalog Bulletin # 206 for gear rack chart and dimensions.
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Programiming cam Limers e J
L1 gear rack chart

‘ MODEL RA O RA 1 RA 2 RA3 RA4L | RAS RA 6 RA7 | Ras RA9 RA 10 RA 11 RA 12
MODEL CMO cM1 CM2 CM3 M4 CMS CMB CM7 [0} Mg M 10 CM 11 CM 12
MODEL | Mco MC 1 ,ﬁc 2 MC3 MC 4 MCS MC 6 MC 7 MC 8 MC 9 MC 10 MC 11 MC 12
= — A R ESUIEE Mt Ny NN S M B A
MODEL RC 0 RC 1 KRCZ\ RC 3 (RC4 ; RCS RC 6 RC 7 RC 8 RC S RC 10 RC 11 RC 12
GEAR RACKS SEE NOTE 2*
£-12 40¢ 4 sec 10sec | 20s _40s__ _iom 2h 1 3n2om | osn
E-14 46.7¢ 4,675 11.67s | 23.33s 46.67s_| - _11maos |- 2h20s | 3n53m | Tanaom
D-12 48¢c 4.8s 12s 24s 48s 12m 2h24m ah Sh3gm
E-15 50¢ S sec _125s _12m30s _2h30m _4hi0m _ t 10h
E-16 53.3¢ 5.33s 13.33s 13m20s | 2hdom__ | an27m | Tiohaom
b-14 S6c _5.6s 14s 28s 56s _ldm_ .2hdgm | 4h40m | 11hi2m
c-12 1sec 6 sec 155 30s _60s Jlsm 13 A 1 I W ¥4}
D-16 SLY 6.4s _16s | 32s _64s | 16m _3ni2m_ L sh2om | 12higm
E-20 66.7¢ 6.67s | 16675 | 33335 | 66675 | _16mdos s_ | awz2om__| “sh3am_ | T13n20m
C-14 70¢ - 7s 17.5s 35s 705 J.17m30s_] o (3h30m_ | shS0m | 14n
__D.18 J2c 7.28 18 f 36s | 725 _18m 1 JJ72mo L m3em_ } en | 14hk24m
E22 )} 73.3c 7.33s 1833s | 36.67s 73.33s _18m20s. 5 _73m20s_} 3h40m | 6h7m _ldhdom
C-15 75¢ 1.5s 18.75s 37.5s 75s _18mass | 75m 3hdsm | 6hiSm_ | 15h
~—B-i2 80c 8 sec _QOS) 40s 80s 1.20m J80m 1 4n | shagm__ ] 18n
E-26 86.7¢ 8.67s 2167s 43.33s 86.67s | 21m40 }.86md0s | an2im | 7h13m | 17h20m
B-22 88¢c 8.8s __22s 44s _.B8s 22m } J_88m | ah2ém { 7h20m_ | 17n36m
c-18 90¢ 9 sec 22.55 45s 90s_ _22m30s f 45m "} eom __[“aniow | 7n3om_ | 18h
B-14 93.3¢ 9.33s 23.33s 46.67s 93.33s _23m20s § 46m40s | 93m20s | ahiom _7hdim | 18niem
D-24 96¢ 9.6s 24s 48s 965 24m__ | 86m | 4hdgm | 8h [ 19hiZm
B-15 100¢ 10 sec 25s __50s 100s__ | 25m _100m Sh . _8h20m_ | 2ch
D26 104¢ 10.4s 26s | szs 104s s |.26m___t som | 104m _ | shizw | Tsnéom_ | 2onasm
B-16 106.7¢ 10.67s 26.67s | 53.33s 106.7s ] 26m40s 1 53m20s { 106m40s | shoom | _BhSam | 21h20m
c22 110¢ 11 sec 2755 | 55 | 100s s _ |} 27m30s_| 55 Jodtom ] seaom | Tentom | 2on
D28 | 112¢ 11.2s 285 56s 1125 | eem T B3 9a20m_ | 22h2dm
E-34 113.3¢c 11,33 28.33s 56.67s 113.3s | 5r 1..28m20s_ | Shagm CSh27m 1 22h30m
A-12 2 sec 12 sec 30s ] 60s | 2m _30m__ 6 oh 20
D32 ) 28 | 12785 | 325 _64s 128s 32m_f 60 I 10h40m | 25h36m
L2 2510¢ 13 sec 3255 _ 655 _k30s .32m30s_§ _tontom | 2en
__ B2 2s12¢ 13.2s ] 133.3s _33m20s | s B VEh7m o 26n40m
D34 | 2s1sc 15.56s__ 1365 3am 6848 1 11h20m | 27h12m
A4 2520¢ 14 sec asm_ 4. ] tnsom | 2en
D-36 2s24¢ 14.4s 36m_ b 72m | 2n2. m__fL7ni?m [ 12h | C8nagm
B-22 2s527¢c 14.7s 4.36ma0s_ | 73m20s_ | 2h27m __12n13m | 29h20m
___Al5 2530c 15 sec 12m30s [ 37m30s_|_ 75m _2h3%m _ | _)._1eh30m | 308
A-16 2540¢ 16 sec | 13m20s | 40m ] 80m . _]_2nhaom__ _j_13h20m | 32n
C-34 2s50¢ 17 sec ] _14ml0s_| 42m30s | 85m __ lahiom 3ah
- B-26 2s52¢ 17.25 14m27s | _43m20s_| _86m40s __van2zm_ | 3anacm
~_A-18 3 sec 18sec | 4 _15m _.80m_ | 1sh ]} 3sh
B-28 3s7¢ 187s | _46.6 _93m20s_ [ anym _15h33m_ | 37nzem
A-20 3s20¢ .20 sec _100m _3h20m__ 16h40m ‘4on
B-32 3s33c_|_ 213 _1o6maos | 3n33m _t7hdrm | a2ncom
. A-22 3s40¢ 22 sec _18m20s _1om o 3naom | an | Tishoom | 4an
¢ B34 3s47c 22.7s s ] _18m53s _113m20s | 3hazm_ | 11n20m_| “18n54m { 45h20m
_A24 | 4sec 24 sec f_20m d.2h o lah  faen _jo_2on ) oasn
A-26 4520¢ 26 sec 1 _21maos | _2hiom  F an2om | aan | Taimaom | Tson 7T
A28 4s40¢ 28 sec 23m20s | __2h2om |- zsmeom | Tsen
__A3 5 sec 30sec _2hzom |~ s T eon
A-32 5520¢ 32 sec __2haom " 26hadm | san T
~_A30_ | “ssanc 34 sec T ohsom _28h20m | ‘een
A3 6 sec 36 sec 3h BT T
c-cycles s-seconds m-minutes h-hours
1. ORDERING INFORMATION--Model number selected from top motor; multiply required time cycle in scconds by 2/3, the answer
of gear rack chart, gear rack, number of load switches, voltage and will be the maximum number of switches that can be operated
frequency. . witha standard timing motor. EXAMPLE: Time cycle 15 seconds.
ALTERNATE ORDERING INFORMATION—Required time 2/3 x 155=10. 10 switches can be operated at 15 seconds with a
cycle (one complete rotation of cam shaft), number of load switches, standard timing motor, more than 10 load switches requires the
voltage and frequency. Since some time cycles are available in 3 use of a high torque timing motor.
model numbers, the usc of the ALTERNATIVE ordering informa-
tion may expedite delivery by allowing us to ship modcl in stock Price added for Hi-Torque motors: i
with required time cycle, C\‘
. Multi-switch cam timers requiring time cycles in shaded area may Series ] Motor Speed | 120/60 Hz
require high torque timing motor. This is due to increased torque MC-0 RC-0 1 RPS $45.00
encountered in rapid time cycles. To determine need of larger MC-1 RC-1 1/6 RPS 45.00

6 .
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The following series timers generate the
delay function from a synchronous motor.
This delay is created by applying power to
the timer motor/clutch circuit with a sus-
tained switch closure (sustained is interpreted
as simply being longer in length than the
desired delay). When the timer receives
power it begins a delay period, at the end
of which a switch operation occurs. The load
switch remains in the operated condition
until power is removed from the timer, at
which time, the timer automatically resets.

SERIES GP

plug-in interval/delay timer

An automatic reset, synchronous motor driven
tuming control with two sets of instantaneous
contacts and two sets of delayed contacts.

A unique concept in instrument clutching
called Spider Clutch® provides repeat accu-
racy of = 1, of 19 of overall time cycle.
TReset s less than V5 second for full scale.

Load switches are rated at
inductive at 125/250 VAC.

10 amp non-

Motwor voltages 120 or 240 VAC, 50 or

60 He.
Minimum Maximum

Mode! Setting Setting
GP-65 1/10 sec. 6 sec.
GP-158 1/4 sec, 15 sec,
GP-30S 12 sec. 30 sec.
GP-60S 1 sec. 60 sec.
GP-3M 3 sec. 3 min.
GP-5M 5 sec. 5 min.
GP-15M 15 sec. 15 min.
GP-30M 30 sec. 30 min.
GP-60M 60 sec. 60 min,.
GP-3H 180 sec. 3 hour

“Patent No. 3,378,123
UL Component Recognition

e Aar R
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SERIES H/CH

Incased i I SPDT sn: . © Pancl mounted, wiring 0 terminal strip,
mdscf ’ panc] 1?;(““““‘ U J Sf“:‘p a(tll(;g £ SPDT snap action contacts rated 10 amp
C(r)ntgus ratec amp non-inductive at 12 { nor-inductive at 120 VAC.
VAC. . i )
Motor voltages 120 or 240 VAC, 50 or Motor voltages 120 or 290 VAC, S0 or
60 Haz, 00 Ha.
Minimum Maximum Minimum Maximum
Model Setting Setting Model Setting Setting
TD-6S 1/10 sec. 6 sec. H-6S 1,10 sec. 6 sec.
TD-158 1/4 sec. 15 sec. H-158 1/4 sec. 15 sec.
TD-30S 1/2 sec, 30 sec. H-30S 1/2 sec. 30 sec.
+CTD-IM 1 sec. 60 sec. 1CH-IM 1 sec. 60 sec.
1CTD-3M 3 sec. 3 min. 1CH-3M 3 sec. 3 min,
+CTD-5M 5 sec. 5 min. CH-5M 5 sec 5 min.
Clutch external to synchrorous motor fClutch external to synchronous motor
UL Component Recognition UL Component Recognition
SERIES TDAB (F)
SERIES MTD ]
Automatic reset, back mounted. SPDT snap
. action contacts rated 10 amp non-inductive
Meter face, panel mounted, SPD'[ shap ac- at 120 VAC, Motor voltage 120 o1 240
tion contacts rated 10 amp non-inductive at VAC, 50 or 60 Hz. Optional knockous
120 VAC. housing available.
olrave 2 24 ' - . .
?i)()t;){r voltages 120 or 240 VAC, 50 or I'DAF panel mounted version.
5 z.
. . Minimum
Minimum Maximum A
Mode! Setting Setting Model Setting Setting
MTD-6S 1/10 sec. 6 sec. ! TDAB-15 160 sec. 1 58¢
MTD 155 1/4 sec. 15sec. & IDABA3S 1.20 sec. 3 sec.
MTD-30S 1.2 sec. 30 sec. S TDAB.63 ~ 1710 sec. 6 sec.
$1ATD-60S 1 sec, 60 sec. : JOAB-15S 14 sec. 15 see.
1MTD-3M 3 sec. 3min, § IDAB-30S 1/2 sec. 30 sec.
SMTD-5M 5 sec. 5 min. £ TDAB—GO‘S 1sec. 60 sec
+MTD-15M 15 sec. 15 min. TDAB-3t4 3 sec. 3 min
+MTD-30M 30 sec. 30 min. TDAB-5M § sec. 5 min
tMTD EQM 60 sec. 60 min. ! 18{“; ;;ﬁ ;3’ sec. ;2 min
+MTD-3H . 3h AB-30H 0 see. 3 min,
3 min our TDAB-5OM 50 coc. €0 min
“Clutch external to synchronous motor TDAB-3k 3 min. L’% 3 hour
C R iti R
UL Component Recognition UL Component Recognition ~"
g BV
:, H I3
£ : iy
V. | %
B dis
SERIES RB é 1
L 4
Molded case of Noryl SE-1°, pancl or back g T

mounted, SPDT snap action contacts rated
15 amp non-inductve at 120 VAC.

Motor voltages 120 or 240 VAC, S0 or
60 Haz.

Minimum Maximum
Model ' Setting Setting
RB-5.6S .2 sec, 5.5 sec,
RB-14S .5 sec. 13.5 sec.
RB-28S 1 sec. 27 sec.
RB-56S 2 sec. 54 sec,
RB-84S 3 sec. 82 sec.
RB-168S 6 sec. 164 sec.
RB-4.5M 10 sec. 4 min. 24 sec,

*Trademark GE Co.
UL Component Recognition

T U AL B A AW AR o A T b 0

Automatic reset, back mounted, SPDT STt
action contacts rated 10 amp non-inductive

at 120 VAC,

Mowr voltages 120 or 240 VAC, 50 or

e
Maximum C‘

60 Haz.
Minimum Maximum
Mode} Setting Setting
SF-6S 1/10 sec. 6 sec.
SF-158 1/4 sec. 15 sec.
SF.308 1/2 sec. 30 sec.
+CSF-1M 1 sec. 60 sec.
1CSF-3M 3 sec. 3 min,
+CSF-5M S sec, 5 min.

$Clutch external to synchronous motor
UL Component Recognition
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RX-1 Data Receiver schematics and instructiens under

Stevens Pass Telemetry Unit




INSTRUCTION SHEET
SPS/CPS SERIES

FEATURES

Voltage adjustment potentiometer
Foldback current limiting
115/230 Vac, 47-440 Hz input
0.1% line/load regulation

DESCRIPTION

The SPS and CPS Series are series regu-
lated, solid state power supplies designed to
provide closely regulated DC voltages in all
popular voltage and current levels. The out-
put is floating, hence any voltage may be plus
or minus or referenced to another voltage.

OPERATING PROCEDURE

For 115 Vac,47-440Hz connect input leads
to terminals 1 and 4 of transformer or input
‘terminal block, terminals 1 & 3 and 2& 4 will
be jumpered. (Factory connection)

For 230 Vac input, remove jumpers between
1 & 3 and 2 & 4. Then jumper terminals 2 and
3 together and connect 230 Vac to terminals 1
and 4. Suggest twisted AC input wires if elec-
trical noise reduction is prime concern.

Output terminals identified 1in figures
on back of this sheet are marked+and -. Load
should be connected to these terminalswithdue
care to proper wire size and solid electrical
connection for best results. OQutput voltages
may be adjusted with the potentiometers iden-
tified in the figures located on the back of
this sheet

SUGGESTED TEST PROCEDURE

Connect AC input power as outlined in op-
erating procedure. Place a variac between Vac
source and input to transformer. Place an AC
voltmeter across transformer input terminals |
and 4. Set input voltage for nominal 115 Vac
with variac.

Place resistive load across output, check
Vdec output specifications, DC voltmeter should
be connected directly across output terminals.
Greatest test errors are made at this point,

LINE REGULATION

With output adjusted to rated voltage,
reduce input Vac to 104 volts and record or
note output voltage. Then increase input Vac.
to 126 Vac andnote output voltage. Total out-

put voltage change should not exceed .2% or +
A% -

Temperature compensated circuitry
0.1% ripple

Optional overvoltage protection
Optional square current limiting
Optional logic inhibit

LOAD REGULATION

Set AC input voltage to 115 Vac. Place
DC voltmeter across output termina ls and
record or note output voltage. A load re-
sistor, equal to the rated load of ths supply
at selected DC voltage setting, is then ap-
plied to output terminals. The voltage change
should be noted. This differential chang
should not exceed .2% or + .1% of DC output
voltage.

Output current adjust is accomp!ished by
placing a load resistor of the desir.d value
across output terminal; adjust currert limit
potentiometer identified in figures onbackof
this sheet until voltagc starts to drop. This
is the fold back point of current limiting,
this control is factory set to 120% of rated
output and sealed.

RIPPLE
With voltage set at 115 volts and full
load across DC output terminals, the measur-

able AC voltage on output should not exceed
0.1% RMS.

OVERVOLTAGE PROTECTICN

Optional overvoltage protection is avail-
able on most models. Consult the catalog se-
lection guide or the listing on the next page
for appropriate models or contact the factory
for application note.

Loads generating high back EMF voltages
should be checked with parallel diode, zcner,
or series diode to reduce detrimental effects
on pass elements. It is recommended that the
AC input circuit be fused. A suggested fuse
rating is listed on the reverse side of this
sheet.

SUGGESTED PRACTICES

Moving air is desireable when mounting in
a confined area. Chassis. may be attached to
other heat dissipating surfaces to improve
cooling characteristic at maximum ratings.

STANDARD POWER, INCORPORATED a 1400 South Village Way = Santa Ana, Calif. 92705 e phone {714) 558-8512
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SPS /7 CPS 15 SERIES
SPS 7 CPS 30 SERIES

NOTES:

1. Recommended input fuse 1A, Type 3 AG,

2. OVP-1 is compatible with 5V through 28V
models.

3. OVP-0 or OVP-1ll may be used on 5V models,

4. If problems are encountered in series op-
eration of two power supplies due to a com-
mon load connected across the two supplies,
contact the factory for application note, L
AN 101. -

VOLYAGE ADY. CURAENT LIMIT 4D, VOLTAGE ADJ.

DIC)
Get— +0UTPUT

soutpur

;
S ONGC ©
- OUTPUY

CURRENT LIMIT ADY.

o155 R 30:D
CURRERT LIMIT ADJ.

CPS 15 OR_30-8 THRU 24/28
VOLTAGE ADJ.

OVP ADJUST

Oete— - OUTPUT

CURRENT LIMIT ADJ. VOLTAGE ADJ

@5

SPS15-5 SPS 30-5

SPS 30-48V THRU 250V

CURRENT LIMIT ADJ.\ /VOLYAGE 204

Re
Ot s OUTPUT

(+) QUTRUT

\ (=) 0UTPYY
(G) GROUND
AC INPUT

w ) @) AC IHPUT
SPS15-8V THRU 36V ~
SPS 30-8Y THRU 36V
3 —— 3.25%
1 Ve iGPTION).
»[,‘__ e () L.-—w— — v_—-‘_ _—— O
3.85% 475
AC INPUTS
15 VAC SHOWN %.88 5.38

Rl g
R s oo SR -
SHIELD GROUND

3V URITS ONLY

= r*.35
b .82
4.00
|—-—'3.25~—> bne . 35
Ty \ '\ Al 1
.28

*2.50 30 Series ==l o- .
2.06 15 Saries |.ciz .sle - / _Tc

/

A7 DIAMTG
HOLES (4)

R S g
-25"J : \.22 DIA MYG

HOLES (4)

3.88
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CARITRONICE INC.

Our V') s

[ oD 5 5y 1B
. ' V‘fﬂirf""?"hﬁ,’”“ rENTRR l“qf'““ *"“‘G‘r; {’U‘ﬁ\ wnepapra - l'““"" IO
e JM@JL) m.ﬂ\,.u\;. L.‘c,:;\w WU W Grd il uu‘«’uu!\.ﬁ’\f
FEATURES:
* LOW COST
e RUCGED £NCAPSULATION
e SHORT CIRCUIT PROTECTION
MODEL ,
SPECIFICATIONS: ' OUTPUT OUTPUT ~ REGULATION CASE s
. . SINGLES VOLTAGE CURRENT  LINE LOAD  SIZ€ -7
INPUT VOLTAGE: 115 % 10vac. A L N |
OUTPUT VOLTAGE: See ratings chart. b
SN . $-5-250 5 250 0.05%  0.1% A 370
OUTPUT CURRENT: See ratings chart. 3.5-500 5 500 005%  0.1% A 3.0
OUTPUT SET: = 5-5-1000 5 1000 0.05%  0.1% B 320
OPERATING TEMPERATURE: —25°C to 71°C $5-20000 5 2000 005% 0% C 7soo
FREOUE'\JCY 50to 400 Hz.
TEMPERATURE COEFFICIENT: 0.02%/°C. DUALS
INPUT ISOLATION: 59 Megohms. .-“" ~ D-12-100 +12 +100 0.05% 0.05% A 43235
OQUTPUT IMPEDANCE @ 10 KHz: 200 Milliohms. 8‘}2588 :12 *;08 8-85% 885% A H2ad
-12- +1 120 5% B8 <£2.5:
STORAGE TEMPERATURE: —25°C to 85°C. D-15.200 215 2200 005%  005% B  es.n
‘ D-12-300 12 +300 005%  003% C 3.~
RIPPLE ©  1.0mV RMS D-15-300 £15 £300 0.05%  0.05% C  u.z
2.50 }
1o 220 e S15,
e | T I ey
P T LM
| com | ’
l l 0.04 DIA
! i
I l 1.60
: ! 3.50
. o =
L3 A
MOUNTING
440 x 125 DEEP
1.6C
4 AC AC -4 |-X -
BOTTOM VIEW 4 SIDE VIEW
0.1%
CADEITOAMIAC IND 172 SANMDDAV DAAN IOAITAZNL T E MW IERCEY NT7TNAG N1\ 78 . ca10
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CBS AND CBT
FOR AUTOMATIC TERMINALS
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Function Telephone (USOC-CBY) may be
provided, at the customer’s option, instcad of
the standard telephone.

The CBY telephone provides aural monitoring of
data signals and an indication of whether the
ADAA is in the Talk or Data mode.

Arrangements are available for asscciating a
multibutton telephone with six, ten, eighteen, or
thirty data couplers. Each telephone line must
have its own ADAA, and the ADAAs are not
switchable between lines. In these multiline
arrangements, the couplers are the primary line
termination (see Sections 5.1.1 and 5.1.3) and
data calls may be originated and answered
without interference from the telephone set.
Data coupler activity is indicated by a winking
fight under the associated telephone
pushbutton.

An optional line current status indicator (USOC-
CBW) is available for detecting and indicating
the presence or absence of telephone line
supervisory loop cuirent through the coupler.
An optional dc power supply (USOC-CBV) is
available to power data coupler CBT.

2. DESCRIPTION OF THE AUTOMATIC
DATA ACCESS ARRANGEMENTS
21 Physical

A photo of an installation of a single protective

EXCLUSION KEY~ (
\ .
(SHOWN OPERATED)’{ ‘ T SWITCHHOOK KEY
) “Q\,‘_“
Sy, \ N T

(lumuu.u;mwuu LS B .

i

|

TEST SWITCH—'—\

Ty
DATA COUPLER . <— 10
€85 OR CBT ] OPTIONAL
N\ ; YELEPHONE
> i
i

| !

1O CUSTOMER g'f
TERMINAL H
EQUIPMENT — ! |
Pr———— —\ !
© JELEPHONE PR
AC POWER CONNECTIN o }
TRANSFORMER) -~ BLOCK TELEPHONE |
{CBS ONLY) LINE
°_J

\# 1
)

N

FIGURE 1

&7

Automatic Data Access Arrangement is shown
in Figure 1. Shown are the wires that lead to the
telephone line, the wires that connect to the
customer-provided data modem and automatic
call originating or answering equipment {for
data signals and control signals), and wires that
connact to the telephone set with which an
attendant can place calls manually on the
telephone line associated with the ADAA,

Both the CBS and the CBT of current
manufacture use the same physical housing,
which is 6 inches wide, 7 inches high, and 1-3/4
inches deep. CBS and CBT units of earlier
manufacture use a housing which measures 9
inches wide, 11 inches high, and 2-1/4 inches
deep. These housings are shown in Figure 2.
The ADAAs weigh about 1-3/4 pounds (2-1/2
pounds for couplers of earlier manufacture) and
are designed to operate over an ambient
temperature range from 0° to 120°F, with
relative humidity up to 95 peicent. The ADAA
must be mounted wvertically in a fixed
orientation, due to the use of a long-life mercury
wetted dial pulse relay. Customer interface
connections (see Figures 3A and 3B) are made
to No. 4 screw terminals which are located
under a protective “flip-up” cover on the
bottom of the couplers. ’

DATA COUPLERS

CBS AND CDBT OF

EARLIER MANUFACTURE
DATA COUPLERS
CB5 AND CBT OF
CURRENT MANUFACTURE

fomree

B

FIGURE 2

A switch, located in a recessed area near the top
of the data couplers of current manufacture,
perrits remote testing from a Telephone
Company test center. Couplers of earlier
manufacture have two switches in the recessed
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area for this function. Operation of these 22 Functions
switches is described in Section 5.3,

® 2.2.1 Data Couplers {CBS and CBT)
The major functions of data couplers CBS and -,
DATA COUPLER CBS CBT are: g E
65" FYp—— . .
v Y ’: th D‘: a. To provide a transmission path for

o]
customer-provided data modems to the
© o © © ©

telecommunications network.

@fi@ % % %) b. To protect Telephone Company

SH.2*5 cer Rl oR personnel and equipment from any
3378" OPEmING accidentally applied .hazardous voltages
from customer-provided data modems.
FIGURE 3A
c. To protect telephone lines from
DATA COUPLER CRT longitudinal imbalance.
e 0T d. To limit data modem signal power to a

OH

DA 32 . . .
specified value (if the customer’'s signal
» O 0 @0 :

power is too high} in order to prevent

®T 'i@ @ @ B - interference with other telephone

SH Je SHI ccT RI DR services.

1 - e. To provide the following network control
3-3/8" OPENING ' . . .
).' signaling functions:
INTERFACE SCREW TERMINAL ARRANGEMENTS 1. To provide a loop ho[ding path for dc
FIGURE 38 supervision.
2. To detect ringing and to alert the
A typical multiple-mounting arrangement for customer’s terminal on an incoming
ADAAs is shown in Figure 4. Up to 54 small call.

ADAAs or up to 16 large ADAAs can be housed 3. To originate on-hook and off-hook
in the cabinet, which measures 30 inches high, signals and to generate dial pulsing in
24 inches wide, and 17 inches deep. Smaller response to signals received from the
cabinets are also available. One customer- customer via the interface control

provided ac electrical outlet is required per leads.
cabinet. 4. To provide a delay of from one to three
seconds after an incoming call is
CABINET FOR MULTIPLE ADAA INSTALLATION answered, in order to prevent data

signals from interfering with automatic
message accounting equipment.

f.  To provide for remote testing of the data
coupler,

g. To provide an indication of the status of
the switchhook of the associated
tefephone.

oSk bradie

COVER ON
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il i AR PP

COVER OFF

2.2.2 Standard Telephone (CBS and CBT)

clintvm e e

A telephone with exclusion key and with e ther a
o rotary dial or a Touch-Tone dial is nosmally
WIDTH 24" pEA, associated with the CBS and CBT ADAAs. If

DEPTH v PARTITION EXIENDE’D

‘% desired, the telephone set may be omitted and
e FIGURE 4 should be so specified by the customer when an

i
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Specification RS-232-B (couplers of both earlier
and current manufacture) and RS-232-C
(couplers of current manufacture only). The
essential differences of these two specifications
as they relate to data couplers are as follows:
RS-232-C requires that the interface driver
output voltage traverse the transition voltage
region between ON and OFF or between OFF
and ON without any voltage reversals and
without reentering the transition region until the
next significant change in signal condition. The
time required to traverse the transition region is
between 200 nanoseconds and one millisecond
for RS-232-C. RS-232-B has no such transition
region requirements for control-type interface
leads.

Altcontrol leads are referenced to signal ground
(SG) with positive EIA voltages indicating an
ON state and negative EIA voltages indicating
an OFF state. The OH and DA control lead
terminators have a nominal 3-kilohm resistance
to signal ground in the ON and OFF states. The
CCT, Rl, and SH control lead drivers are capable
of providing a nominal 5-volt output when
loaded by a 3-kilohm resistance to signal
ground.

3.2 Contact Interface Circuits -~ Coupler
CBT (See Figure 58)

Coupler CBT accepts contact closures between
the OH and the DA interface controf leads and
the -V interface lead. The coupler presents
contact closures to the customer’s equipment
between the CCT, Rl, and -V interface leads. A
closed contact to -V indicates an ON state, and
ar open contact to -V indicates an OFF state.
The SH lead is referenced to SH1. Contact
restrictions are covered in Section 4.3.2.
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NOTE
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BUT MUST NOT CONNECT TO +V

BLOCK DIAGRAM OF DATA COUPLER CBT
FIGURE 58

Through the customer’s contact closures, the
_ OH'lead will draw less than ten milliamperes dc,
_and the DA lead will draw less than 35

_milliamperes dc. The contact closure resistance,

including the resistance of any wiring between
the coupler and the customer terminal, must be
less than 100 ohms for the OH lead and less than
50 ohms for the DA lead. The impedance when
open (OFF) should be more than 100,000 ohmes,
referenced to the cormmon return lead (-V).

Mornentary contact bounce associated with
relays in the data coupler and the CCT and Rl
interface leads may be observed. This is most
likely to occur during the first five milliseconds
of closure and should be ignored.

}‘.E.WA

e



(&)

LEAD DESIGNATION

Voltage Contact

(ces)\ceT)
DT DT,
DR - DR
OH OH -
DA DA
CCT  CCT
Rl RI
SH*
SG  t
SH*
SH1*
FVE 4V
-V1i -V

*Designations will change to M and Mi1

TABLE |

DIRECTION

Both
To coupler
To coupler

To customer

To customer

To customer

Both
To customer

To customer
To coupler
To coupler

FUNCTION

600-ohm transmission leads for
data signals.

To control OFF-HOOK relay.

To request data transmission
path cut-through.

Coupler transmission path cut-
through indication.

Ringing signal present indication.

Status of telephone set
switchhook incoupler CBS.

Signal ground in coupler CBS.

Status of telephone set
switchhook incoupler CBT.

Return for SH lead in coupler CBT.
Positive dc power.
Negative dc power.

if customer implements multiple-function

telephone (CBY) and/or Line Current Status Indicator {CBW).

t Not used in coupler CBT.
1Not used in coupler CBS of earlier manufacture.

See Section 2.3.1 for coupler CBS of current manufacture and
Section 2.3.2 for coupler CBT.




3.3 Detailed Description of Interface
Circuits (Table 1)

DT and DR (Data Tip and Data Ring) are used
to provide an analog data signal transmission
path between the customer’s modem and the
telephone line. Transformer coupling to the
telephone line in ADAAs provides an isolated
termination to the customer-provided modem
on the transmission leads DT and DR.

OH (Off-Hook) provides control of off-hook and
on-hook supervisory signals to the telephone
line and associated central office equipment.
Applying an ON signal (off-hook) to this lead
operates a relay which completes a dc path to
the serving central office and causes loop
current to flow. When originating a call, an ON
signal applied to the OH lead is used to request

" dial tone. Pulses on the OH lead may then be

used to generate dial pulses (see Section 6.1).
On incoming calls, an ON signal applied to the
OH interface lead answers the call and trips
ringing. The OH circuit both operates and
releases in about two milliseconds.

DA (Data Transmission) is used to request that
the data transmission path through the coupler
be cut through to the telephone channel._DA_
must be OFF during dial puising but ONfor tone
_address signaling. It may be ON_at_all_other
times. DA _operates only if OH is ON.

CCT (Coupler Cut-Through) indicates to the
customer, by an ON signal, that the
transmission path is connected through the
coupler to the telephone line. The ON condition
indicates the state of the coupler and should not
be interpreted as an indication of the status of
the associated telephone line or connection.

Coupler CBS: In the Originate mode the CCT
interface lead changes state within three
milliseconds after the state of the DA input has
been changed. The actual time to cut through
the transmission path is between ten and 20
milliseconds, and the release time is between 15
and 30 milliseconds. In the Answer mode, the
operate time is extended to include the
accounting time interval of one to three
seconds. The CCT lead output voltage, on CBS
couplers of earlier manufacture, may exhibit a
voltage reversal within the first ten milliseconds
when switching from OFF to ON. This reversal is
typically four volts and can occur at any time

during the rise of the interface lead voltage.
Voltage reversals do not occur in couplers of
current manufacture,

Coupler CBT: In the Originate and Answer

" modes, the operate time of the CCT interface

lead and the time to actual cut-through of the
transmisssion path are both equal to the
accounting time interval {one to three seconds).
In the Answer mode, the release time of the
CCT circuit is about 20 milliseconds.

RI(Ring Indicator) indicates to the customer by
ON signals that the coupler is being rung. In
coupler CBT, the Rl contact operates at a 40 Hz
rate during the two seconds that ringing is on
the line. These closures should be integrated by
the customer’'s data terminal for at least 100
milliseconds (two cycles, or more}) before
reacting to the ringing signal. This integration
will help protect against false ring detection on
transients such as may occur during dial pulsing
or when switching transients or impulse noise
occurs on the loop.

In coupler CBS, the Rl indications are the result
of rectifying and integrating the 20 Hz ringing
signals received from the line. The ringing
indication consists of regular transitions which
follow the ringing cycle (normally two seconds
on and four seconds off} and will not normally
be actuated by transiemts associated with
dialing or switching.

SG (Signal Ground) in coupler CBS is the‘
common " reference for all interface control
signals. SG is not provided in coupler CBT.

SH (Switchhook) indicates to the customer the
state of the indicator contacts connected to the
coupler telephone interface leads A and A1 (sce
Section 5.6). An ON state (with SH1 as the
return lead for coupler CBT) indicates a contact
closure between A and A1.

in coupler CBS, the voltage appeating on the
SH lead is a direct indication of the contact
closure of whichever indicator is connected to
the coupler — eg, the switchhook contact —
and is subject to any transition irregularities that
might be produced by the indicator. The rise or
fall time of the SH lead is about two
milliseconds for couplers of earlier manufacture
and about six microseconds for couplers of
current manufacture.

S,



a contact closure or an EIA ON voliage to
indicate that the line is connected 1o the
telephone.

There are several alternate arrangements. The
first is to use a series combination of the
exclusion key break contact and the switchhook
make contact to indicate the Voice mode. The
Voice mode indicates that the telephone line is
connected to the telephone and that the
handset has been lifted off-hook for normal
voice communication. A second alternate
arrangement is to use the exclusion key make
contact as a Data Coupler mode indication.
Namely, when the exclusion key is operated, the
customer is given either a contact closure or an
EIA ON voltage to indicate that the line has been
transferred to the data coupler. A third alternate
arrangement is to use the switchhook make
contact as a switchhook mode indication.

5.2 Data Coupler Operating Procedures

Data couplers CBS and CBT are designed to
work with data terminal equipments (which
can automatically control the origination,
answering, and termination of data calls).
Automatic operation is described in Sections
5.2.1 through 5.2.5 wherein the assumption is
made that the data coupler is connected to the
telephone line. This assumption implies that if a
telephone set is included as part of the ADAA,
then the exclusion key is positioned so that the
telephone line is connected to the ADAA.
Manual operation is described in Section 5.2.6,
wherein it is assumed that the exclusion key is
positioned for the telephone line to be
connected to the associated telephone.

5.2.1 Automatic Answer

In the Automatic Answer mode (see Figure 9),
the customer’s data terminal provides the logic
necessary to answer a call. The coupler detects
the incoming ringing signal and indicates this to
the terminal on the Ring Indicator (Rl) interface
lead. To answer the call and to trip ringing, the

~customer’s terminal turns ON the coupler off-

hook (OH) lead. If not already turned ON, the
customer’s terminal must then turn ON the Data
mode (DA) fead. After a 1- to 3-sccond interval
to aliow for proper registration of the call by
automatic message accounting equipment at
the central office, the transmission path (DT and

DR) is cut through, the CCT interface lead turns
ON, and data transmission may begin.

ANSWERING SEQUENCE FOR DATA COUPLERS CBS AND CBT
[

IDLE™®

RI-ON —P

O”‘ION < RINGING TRIPS
® *¥DA-ON G RI- OFF w—P>

1-3 SEC.DELAY

CCT - ON ——P
I

DATA TRANSMISSION

OH—I OFF €

* ‘DAl—OFF <¢— DISCONNECT

CCT-OFF —p

IDLE™
— TO CUSTOMER
4—— 170 TELCO
* IDLE ALL CONTROL LEADS "OFF" (NEG. OR COPENI

* % [F DESIRED, DA MAY BE FERMANENTLY "ON" FOR
AUTO. ANSWER :

FIGURE <

5.2.2 Dial Pulse Origination

To originate a call automatically (see Figure 10),
the customer’s data terminal must supply the
logic to request service (go off-hook), detect
dial tone (see Reference a), and generate the
dial pulses corresponding to the number of the
called station. From the idle condition with all
control feads OFF, the terminal must first turn
ON the OH lead and the DA lead (DA may be
left ON from the previous call) and then wait for
the CCT lead to turn ON. In the contact
interface coupler CBT, there will be a 1- to 3-

_second delay between OH plus DA going ON
and CCT coming ON. In the voltage interface

coupler CBS, CCT will turn ON in less than three
milliseconds. When dial tone is detected, the
DA lead must be turned OFF, and after CCT
goes OFF, the OH lead may be pulsed with the
desired called number {sece Section 6.1). At the
end of dialing, DA is turned ON and when CCT



comes ON {(with the same delays as given
above}, the originating station can monitor for a
response from the called station to initiate data
transmission.

ORIGINATING SEQUENCE FOR DATA COUPLERS CBS AND CBT )

IDLE
OH-ON
OR
DA-ON 4
* H
CCT-ON* P CUSTOMER TIMES
TO ENSURE Y
DETECT DIAL TONE DIAL TONE
| PRESENT
DA-OFF 4—— .
0\ )i
H 1 '-,')
CCT-OFF  =—=mpr N j‘\’"/
iy

—

OH-PULSED FOR NUMBER™ ¢4—

DA-ON <4
J— 2 50 e
SO JEaS
CCT-ON* P

I

DATA TRANSMISSION

OH-OFF €——
DA-OFF & — DISCONNECT
CCT- OFF ——$>

s TO CUSTOMER

44— TO TELCO 10LE

x [ DA AND CCT MUST BE "OFF” DURING DIAL PULSING
DA MAY BE "ON" AT ALL OTHER TIMES
*% 4-3 SEC.DELAY IN CONTACT INTERFACE UNIT

FIGURE 10

5.2.3 Origination With Customer-Provided
Tone Address Signaling

For installations where the customer has
ordered Touch-Tone calling service in order to
originate a call address signals using customer
generated tone differ from those prescribed for
dial pulsing. Tone address origination (see
Section 6.2) is diagrammed in Figure 11.

The customer’s terminal requests service by
turning ON the OH lead. The DA lead, if not ON
previously, must be turned ON. (If all addressing
is to be done by tone signals, DA may be
strapped ON permanently or slaved to the OH
lecad signals, providing that the EIA voltage
specifications or contact current requirements
are met.) When CCT comes ON and dial tone is

16

subject  to

ORIGINATING SEQUENCE FOR TONE ADDRESS
SIGNALING USING DATA COUPLERS CBS AND CBT

IDLE

OH-ON 4—

* DA-ON <me CUSTOMER TIMES
TO ENSURE
**CCT-ON —P DIAL TONE
PRESENT

DETECT DIAL TONE =

TRANSMIT TONE ADDRESS SIGNALS

DATA TRANSMISSION
ouforr .
DA ~OFF <—
CCTl—OFF -

DISCONNECT

I0LE

* DA MAY BE ON PERMANENTLY OR SLAVED TO OH
** 4.TO 3-SEC. DELAY IN CBT
- TO CUSTOMER
44— 10 TELCO

FIGURE 11

detected, the network may be addressed,
the tone address signaling
requirements given in Section 6.2. Monitoring
for call progress indications (dial tone, busy
reorder, answer tone, and call intercept) is the
customer’s responsibility.

65.2.4 Call Progress Tones

A brief description of the call progress signals
mentioned above is given here for general
information about the telecommunications
network. The frequency content of dial tone has
not been standardized throughout the network:
however, precise dial tone is available in all
offices equipped for Touch-Tone calling. This
precise dial tone is a pair of equal-level tones at
350 and 440 Hz and is suitable for machine
recognition.

Busy or reorder tones are call progress tones
which indicate either station busy or trunk
equipment busy. Reorder tone is a fast (120
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ADDENDUM
Changing Manual No. MS723-BB to No. MS723-1BB

This supplemental addendum describes the latest design changes now in production to
improve the quality or extend the usefulness of the Model MS401BB Miniservo recorder.
The following instruction changes will supersede information found in this manual:

General:
a@. The major difference of the recorder described in the standard instructions and
the one now supplied is in the chart drive system. A new stepper-motor drive is
now incorporated which has increased chart speeds four times the speeds originally
offered (see II below).

b. - To prevent breakage during recorder scaleplate remeoval, grasp scaleplate at
both ends, carefully swing bottom of scaleplate upward, and 1ift out of instrument
with both hands.

C. Parts for the new stepper chart drive as well as miscellaneous part changes
are listed in the tables of VI and VII below. :

(II) Technical Specifications:

Make the follewing changes in Table 1-1 under CHART DRIVE SYSTEM -~
Feed Rates —=~—-mmmmmm 6, 12, 24 em/hr; 1, 2, 4, 10, 20 cm/min.
Stepper Motor ~——=-——meomom 12 VDC (4 4/9 RPM, 40 Hz maximum).

(III) Theory of Operation:

The following changes should be made under paragraph 1.3.5 --
Change basic timing frequency from '200 Hz" to "600 Hz."
Change references to 20, 2 and 0.2 Hz to 60, 6 and .6 Hz respectively.
Change Table 1-2 as shown below: -

v

TABLE 1-2. TIMING RELATIONSHIPS

DIVISION INPUT
CHART SPEED RATIO TO 76
20 cm/min. 1:1 © 60 Hz (16.67 ms)
10 cm/min. 1:2 30 Hz (33.33 mns)
4 em/min. 1:5 ' 12 Hz (83.33 ms)
2 cm/min. 1:10 & Hz (166.67 ms)
1 cm/min. 1:20 3 Hz (333.33 ms)
24 em/hr. 1:50 1.2 Hz (.8333 3)
12 cm/hr. 1:100 .6 Hz (1.667 s) '
6 cm/hr, 1:200 .3 Hz (3.333 s)

Change maximum stepping times per second from 20 to 40,

(1v) Calibration:

The "STEPPER FREQUENCY ADJUST" procedures (f4.4.4) should be changed as follows —-

In step (2), change "300 cm/hr.'" to "20 cm/min,."
In step (5), change references of "20 Hz" to "60 Hz", and "50 ms" to "16.667 ms,"

MS723-1BB | 1 of 2



(V)

Schematic Diagram:

The stepper drive schematic in Figure 4-2 changes as follows --

: ?;[_? - — —j -{}. * AREA OF CHANGE.
Gy ]
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(VI) Table 5-1. Replacement Parts List Changes:
Fig. 5-1
Item Part Description Qt.
No. No.
- 723D22-1. MSLO1BB Recorder W/Integral Battery (Complete) 1
13 723A134 . Trim, Front (Right) 1
15 723A133 . Trim, Front (Left) , 1
New 723B1.00~2 . Strip, Trim (Alum. Finishing Strip) 3
22 723D4~7 . Chassis Assy. (Table 5-2) : 1
24V ND40213~22 . Screw (fu-40 x 1/2") ' Ay
32 7238103 . Escutcheon, Left 1
36 43302-9° . Screw (1/4'" Type B) i
CR102 723A146 . Diode, Dual-Zener (25Z7.4, +1%) ]
V Quantity change only.
(VII) Table 5-2. Replacement Parts List Changes:
Fig. 5-2
Item Part Description Qt:
No. No.
- 723D4~7 Chassis Assy., 12 V, W/Stepper Drive (Complete) 1
3 723B25 . Top Mounting Plate Assy. 1
A ND40213-19 . Screw (f4-40 x 1/4") 1
Blol 723A128-1 . Stepper Motor Assy. W/Connector (Couplete) 1
New 723A3 . Pulley, Motor 1
PCBUOL 723B89-5 . Stepper Drive PC Board Assy. (Complete) 1

A4 Replaces Item 33 in Figure 5-2, View B-B.

2'of 2
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SECTION 1—INSTRUMENT DESCRIPTION

1.1 INTRODUCTION 1.2 SPECIFICATIONS

: a. The Esterline Angus Model MSL401BB Miniservo All electrical and mechanical characteristics of
3 is a compact, portable bench-top, strip-chart the standard Model MS4O01BB Miniservo recorder
= recorder with self-contained battery supply. are listed in Table 1-1.
These adaptable instruments may also be powered
= by external AC or DC sources, thereby making NOTE: Refer to supplemental instruc~
;g them well suited for all laboratory, industrial, tions if special options or customized
= and mobile field applications. Operating on a modifications are supplied.

null-balance potentiometeric principle, they
offer the sensitivity, response, and reliability
of much more scophisticated servo recorders. The

i e
§ . wg

writing system features a single disposable ink 1.3 THEORY OF OPERATION
cartridge that snaps easily into position at the
;g front of the instrument. All principal electronic circuits of the Model
4 . KMSLO1BB Miniservo recorder are constructed cn
h b. Eleven switch-selectable recording spans are modular printed-circuit boards. The complete
provided, ranging from 1 mV to 100 V full scale. measuring system is illustrated in the simpli-
-3 An eight-speed stepper chart drive permits the fied block diagram of Figure 1-2. Analog sig-
13 selection of chart speceds from 1.5 to 300 cm/hr., nals to be recorded are first applied to span
' and the Z-fold strip chart has a full 10 cm switch S101A. This switch section then routes
calibrated span. ' the signals to switch section S101B; either
. ' directly (for spans of 1V or less), or through
3 €. The unit may be powered by one of three a voltage divider consisting of resistors R101
- different sources: (1) from the internal bat- and R102 (for spans of SV or more). From switch
tery; (2) from the AC line by means of the section $101B, analog signals are applied to an
@ battery charger/AC adapter; or (3) from an ex- input filter/limiter network on preamp board
‘ ternal DC supply connected to the battery PCB201. This nctwork rejects stray interference
charger jack. HNote that- the battery charger and includes a pair of zener diodes (CR?53 and
CANNOT be used to power the recorder and charge CR204) for input overload protection. To elim-
a the internal battery simultaneously. Physical inate long input leads, PCB201 is physically
; dimensions for the recorder and its external positioned directly behind the front-panecl span
plug-in battery charger are given in Figure 1-1. switch., :
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Figure 1-1. Instrument Dimensional Diagram.
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TABLE 1-1. TECHNICAL SPCCIFICATIONS

INSTRUMENT TYPE = = = = = = = = = = = = = = = = = Portable, single-channel, strip-chart recorder.
RECORDING SYSTEM - = = = = = = = = = = = = = = = ==~ Servo-actuated inking pen on chart paper.
Method of Writing « - =~ - - = = =~ - = = = =~ Cable-driven disposable cartridge with self-

contained stylus and ink supply.

Charts = = = = = = - = = = - = = - = 7-fold, rectilinear, with 10 cm active span width; 20 m

long with 5 cm folds; right-hand zero and metric calibration.

Step Response Time - = = = = - = = - - - = - -~ = - === 77277 1.0 second full scale.

Pen Lifter - = - - - = -~ mm T s s s m s Manual front-panel lever proviced.
MEASURING SYSTEY - = - = = == - - - = = = = = = Null-balance DC servo with potentiometric input.
Amplifier - = - - - === - - - == - =~ All solid-state design with IC preamp eliminating
troublescme chopper; 100 VDC overload without damage.

Sourcé Impedance - — = = — = = = = = = = = - = == - °=-°-°=°%° ' - - - = 10 K9 (maximum).
Input Semsitivity -~ - -~ -~ = == -==- =~ 11 selectable spans: 1, S, 10, 50, 100 and

500 mV; 1, 5, 10, 50 and 100 V4

Input Impedance - ~ - - - - - = == - ==~ ==~ Potentiometric to 1V; 1 megohm above 1 V.
Front panel input jacks provided.

Common Mode Potential = - = -~ = - = = = = - - =~ = - =~ T +150 VDC (maximum).
DC Mode Rejection = —- - = = = = = = = = - T N 120 dB down @ 100 VDC (maximim).
Accuracy - = = = - = = =~ ~— - = = == 1.0 % of span, with maximuﬁjoffseﬂ drift of 2.0 w/°c.
Anmiept Temperature Range = = = = - = = = - = - = = = - === = === . 0 to 50 .
Amplifier Controls - - - - = = = - « = Front panel: multi-span selector switch ;ncludes "ore"

position, and electrical ‘zero adjustable over +100 %

of spand Side panel: Span calib. and gain with

approx. *10 % span adjust.

Feedback Potentiometer - - = = = = = = = = = - = Conductive plastic with minimum life of 107
(up~- and down-scale) cycles.

Servo Motér ——————————————————————— Permanent-magnet, DC rotary type.
CHART DRIVE SYSTEM - = = = = = = = = = = = = = Electyonic controlled, multi-speed stepper drive.
Feed Rates - = =~ = = — — = = = = = «~ S T 1.5, 3, 6, 15, 30, 60, 150 and 300 cmn/hr.

Rate Accuracy = = ~ = = = = = - = - B e Within 1.0 % @ 23 °C (10 °c); and within

: 2.0 % from 0 to 50 °C.

Speed Control = -~ = = = = = = - = = = = = Front panel switch provides 8 feced-rate selections
and drive "OFF" position.

Stepper Motor - = = = = = = - - e e e e - = = 12 VbC (1 RPM, 10 Hz maximum).
Transport Features - - =~ e m - - = Front loading, dual-ended sprocket drive, slide-out

chart accumulator, thumbwheel advance, and chart
' tear-of f bar.

1-2
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TABLE 1-1. TECHNICAL SPECIFICATIONS (CONT'D)

. -‘b.,w..m.‘

POWER REQUIREMENTS (selectable) - - - - - - = = - Self-contained or external 12 V battery @ 6 VA,
.115/230 V, 50/60 Hz @ approx. 12 VA®,

Internal DC Source = = = = = ~ = = = = -~ 12 V, 4.5 Ah, rechargeable gelled lead-acid battery.
8-hour operation with full charge.®
Battery check feature provided.

External AC Source = = = = = = = = = = ~ - AC-to-DC adapter (charger) supplied for operation
from 50- or 60-Hz power line. Adapter plugs into

wall receptacle and its cord attaches to

rear-panel jack.

External DC Source - - - - -~ - e Requires 12 VDC supply. Current drain is
N approx. 0.5 A%, Source connects to rear-panel jack.

3 Mode Selector = — = = = = = = = - - — = 3-position slide switch on rear panel selects power
; source or charging function for internal battery.
Battery Charger - - = = = - = = = - - Charger (AC adapter) supplied for recharging Internal

battery with approx. 12 VDC @ 500 mA. Charger plugs
into AC wall receptacle and its cord attaches to
rear-panel jack. Power switch and reset provided.V

Bemt oin mad

3 INSTRUMENT SIZE = = = = = = = = = = = = e = = = = = = = = = = = = - See dimensions in Figure 1-1.

4

4 INSTRUMENT WEIGHT = = = = = = = = = = = = = = = = = = - = Approx. 12.5 lbs. (5.6 kg) with battery.

L Signal input must not exceed #100 V (regardless of offset adjustment).

’ % Without overload (instrument stalled off scale in either direction).

2 + Instrument is inoperative during charge period. Maximum charge time 24 hours.

g 1.3.1 PREAMP : bined with the amplified analog signal Fg to fornm

i a conditioned signal voltage ec. This resultant
a. After the signal leaves the input network, it signal is then applied to the first stage of the

. is next amplified by preamp IC202--an integrated- basic servo-measuring loop.

B circuit opamp. Gain of this stage is regulated
by a closed feedback loop, consisting of resistor '
R206 and voltage divider resistors R103 - R109. 1.3.2 SERVO AMP
Span switch section $101C is used to select a
precision feedback network for each of the eleven a. Signal voltage ec from the summing circuit

; spans provided. Offset potentiometer R209 is is comnnected to the inverting input of diffcren-
adjusted for optimum offset drift over normal tial amplifier IC1. The non-inverting input of
operating temperature limits of 1C202. this opamp rececives a composite feedback signal

Ep, which is made up of voltages Ep and cv.

b. From the output of I1C202, the amplified sig- Voltage Ep is directly proporticnal to the posi-
nal Is is fed through the battery-check switch to tion of the wiper arm on feedback pot R501
a voltage-summing network.This network is located (equivalent to pen position). Dawping rate volt-
on PCB101--a servo amp board mounted within the age ey is also picked off at the arm of the {ced-
inner-chassis assembly. In addition to Eg, the back pot through differcntiating capacitor C2,
sumning necivork also receives two other voltages-- This dynamic voltage depends, upon velocity of the
gain regulating voltage cp from a feedback circuit servo motor; and it is thercfore effective only
in the scervo amplifier loop, and zeroing voltage when the system is approaching balance, thus help-
E, that is established by zero-adjust R110 and its ing the motor to anticipate the correct stopping
accompanying regulator IC201. This system provides point. The value of €2 has been selected for

a zero adjustment over *100% of the chart span.P,, optimum response characteristics.
like Eg, 3s fed to the summing network through the

‘ battery-check switch., : b. The differential amplifier compares the analog

. sifnal ee with the feedback signal Ep and, under
€. At the output of the summing network, zeroing "off-null" conditions, an error signal voltage epn
voltage E, and gain-regulating voltage cgp are com- is developed at the differential input of IC1.
ARLVISED B7S)
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This signal is amplified and then fed to an output
driver stage. The driver makes use of complimentary

power transistors Q1 and Q2 which,

in turn, de-

liver a DC voltage to the armature of servo motor

B102.

Drive voltage is applied until the "follow-

up" feedback pot reaches a voltage position equal
to ec¢. At this point the system is "balanced,” and
the recording pen will come to rest at a new posi-

tion on the chart. The error

signal veltage, which

is generated within the measuring system, may be
expressed in simplified form as follows:

1

en
or.
ep =

C.

€c

(EZ + eg) +

* Ep

Ep + ey

Refercnce voltage for feedback pot R501 is de-

rived from an adjustable temperature-compensated
circuit on the servo amplifier board.
auxiliary supply, Rl reduces the +15 V source to

+6.2 V which, in turn, is regulated by zener diode

CR1.

while C1 serves as a filter capacitor.

1-4

In this

Span control R2 is provided for calibration

Functional Block Diagram. \

1.3.3 BATTERY CHECK CIRCUIT-

Q.
into the recorder which offers
convenient method for checking
dition of the internal battery.
Figure 1-2,

A separate test circuit has been desig

As shown

ned

the operator a
the charged con~-

in

all components of the battery check

circuit are grouped on PCB30l--a miniature PC
board attached to the rear panel of the instru-

ment.

b.

ated, it will remain in its

When momentary slide switch SW1 is not actu-
"OPERATE" position

and couple preamp signals Eg and L, to the servo
When this double-

amplifier for analog reccrding.
pole switch is held in its

"BATT .

Y'" position,

however, one pole selects plus battery potential
while the other

from voltage dividers R3 and Rf,
pole reccives
for zero elevation.
sent signals Eg and E,
amplifier.

c.

an offset potential from R1 and R2
These potentials now repre-
at the input to the servo

The servo system measures and indicates the

relative battery voltage as it would an analog

P-1358-4




“input signal. If the battery is charged, the
pointer oh the rccording pen will register in
the upper 30% of the scale, which is denoted by
a green colored area on the scaleplate.

1.3.4 POWER SUPPLY

a. The main power supply circuitry is located
on the servo amplifier board; here, a +12 VDC
input and a 46 VDC bias potential are applied

to integrated-circuit IC3. This opamp functions
as a 17 kHz square-wave oscillator, which is
then used to drive an inductive DC converter.

b. The AC signal generated by IC3 is amplified

by transistors Q3 and Q4#; then, it is applied to
the base of switching transistor Q5. Transistor
Q5 is alternately driven from cutoff to saturation
at a 17 kHz rate. When Q5 is saturated, one end
of choke L1 is effectively grounded; and a large
charging current flows into the choke at this tinme.
As Q5 cuts off, the field around L1 collapses and
induces a voltage in L1 of such polarity that it
adds to the +12 V input supply and provides a
positive peak of approximately 24 V with respect
to common. The 24 V pulses are then rectified-by
diode CR12. At the same time, capacitor C13 is
being charged through diode CR13. As Q5 again
saturates, capacitors C1l and C13 along with diodes
CR13 and CR1l act as a negative voltage-doubler
circuit to provide a rectified DC of approximately
-24 V at the output of CR1u,.

€. Capacitor €12 filters and smooths the +24 VDC
supply, while C11 performs the same function for
the -24 VDC supply. Both 2% V supplies are
dropped down to produce a +15 V source and a -15 V
source by resistors R23 and R24. These sources
are zener regulated by CR10 and CR11 and supply
the operating voltages for all stages in the

servo measuring system except the servo wotor
drivers. Drivers Q1 and Q2 are operated from the
24 V supplies. '

1.3.5 CHART-STEPPER DRIVE

a. The Miniservo chart-drive system consists of
chart-drive switch $102, stepper drive board
PCR401, and stepper motor B101. Switch 5102 is
wounted on the front pancl, while the PC board
and motor are located within the inner-chassis
assembly. Stepper motor B101 advances the chart
at a rate determined by the pulse frequency
selected when the chart-drive switch is placed
in one of its eight operating positions.

b. As illustrated in Figure 1-2, a basic timing
frequency of 200 Hz is generated by integrated-
circuit oscillator Z1 and its associatced RC net-
work; potentiometer R3 is used to adjust this
{requency.  The 200 Hz pulses are then applied to

(REVISLD 8T3)

a + 10 integrated-circuit Z2. The 20 Hz cutput
of Z2 is connectcd through chart-drive switch
$102 to pulse sequencer 26 and drivers Q1 and Q2.
In this mode of operation, the stepper motor
advances the chart at a rate of 300 cm/hr. In-
tegrated-circuit 26 serves as a flip-flop that
trigpgers switching transistors Q1 and Q2 alter-
nately to pulse the motor.

C. The 20 Hz pulses from Z2 are also applied to
another * 10 integrated-circuit Z3. The 2 Hz
output of Z3 is connected to a * 10 integrated-
circuit Z4 to give a 0.2 Hz output. The 20 Hz-,
2 Hz-, or 0.2 Hz-pulses are further divided by 2
or 5 in integrated-circuit 75. The chart-drive
switch inter-connects combinaticns of these
frequency-divider circuits to product the speci-
fied chart speeds shown in Table 1-2.

TABLE 1-2. TIMING RELATIONSHIPS

CHART SPEED DIVISION INPUT
cn/hr RATIO 10 26
300 1:1 20 Hz (50 ms)
150 1:2 10 Hz (100 ms)
60 1:5 4 Hz (250 ms)
30 1:10 2 Hz (500 ms)
15 1:20 1 Hz (1 s)
6 1:50 4 Hz (2.5 s)
3 1:100 .2 Ha (5 8)
1.5 ’ 1:200 .1 Hz (10 s)

Y

d. DC output pulses from the driver circuitry are
applied in sequence to the {wo windings of stepper
motor Bi0i. This 12 V motor is designed with a
permanent—magnbt rotor and an electro-magnetic
stator. It rotates in discrete angular steps of
15 degrees and is capable of stepping a maximunm

of 20 times per second. Regulator 27 (on PCBHO1)
receives +12 V from the power input circuit of

the recorder and provides a regulated +5 V supply
for all IC's in the stepper-drive circuitry. The
collectors of driver transistors Q1 and Q2 are
connected to the +12 V source through the stepper-
motor windings.

1.3.6 POWER MODES

a. Input power circuiiry of the Miniservo has been
designed for the utmost in versatility. Operating
power is made selectable through the use of a mode
switch and input jack that are conveniently located
on the rear panel of the recorder. NMode sclector
S104 is a 3-position, slide-type switch and jack
Jio4 is a miniature AC/DC power receptacle.

1-5
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Figure 1-3. Simplified Power Mode Diagrams Showing Internal and External -Connections.

b. Vhen the mode switch is placed in its "BATT."
position, the instrument is powered by a self-
contained battery, as illustrated in Figure 1-3A.
With the switch in its "CHG." position, the in-
ternal battery is charged by an external source
(Figure 1-38). In its "AC/EXT. BATT." position,
however, the mede-cwitch eircuitry permits the
unit to be operated from either an external-AC

or an external-DC source, as shown in diagrams

(+) INSULATOR SLEEVE
(REMOVED)

SOLDER LUG

SOLDER LUG

C and D of Figure 1-3. Two separate fuses are Figure 1-4. Optional DC Power Connector.
employed to protect the instrument during either
internal or external modes of operation. NOTE: To check Chargép/AC adapter,

C. The charger/AC adapter furnished with the re-
corder has an internal thermal type of circuit
breaker for overload protection. If the adapter
fails 1o function, press resct button on side of
unit to restore circuit continuity.

1-6

place mode switch in its "AC/ENT. BATT."
position, insert plug into rear-pancl
jack, and connect adapter card to appro-
priate AC source. Normal operation of
recorder will indicate that the charger
is functioning properly.

(REVISCD B TS}
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SECTION 2—INSTALLATION

2.1 UNPACKING INSTRUCTIONS

a. Carriers arc responsible for damage in tran-
sit. If the packing case shows damage, make a
notation to that effect on the express receipt
or freight bill. If the shipment within is
damaged, notify the carrier and your Esterline
Angus representative immediately. The follow-
jing standard items have been inspected and care-
fully packed in the Miniservo shipping carton:

ITEM qQry.

Recording Instrument

Service Kit (Inking Accessories)
Instruction Manual

Recording Chart (Blank)

Battery

Battery Charger/AC Adapter

[ i

b. Remove the packing material from the carton

carefully and check off all items listed on the
packing slip as they are unpacked. Inspect all
contents for damage.

CAUTION: Do not attempt to operate
a damaged instrument.

C. The Hodel MSu01BB Miniservo recorder was in-
spected and properly calibrated at the factory
prior to shipping, and should be ready for oper-

ation as soon as it is unpacked and set up.

d. Setting up the instrument for operation
basically consists of the following procedures:

(1) Ipstall battery in rccorder, and charge
battery.

(2) Note mounting considerations.
(3) Install chart paper.
(4) Install pen module.
(5) Connect analog input signal.

2.2 BATTERY INSTALLATION

The scaled 12 V battery is installed in the re-
corder by performing the following steps:

(1) Remove top cover from instrument by re-
moving two screws on each side of recorder
base, then lift cover straight upward.

(2) Remove two battery bolts and battery strap

{rom rear of recorder base (items 18 and 189,
Figure 5-1).

(RCVISED 673)

(3) _Install battery between battery brackets
with terminals toward right-hand side of in-
strument (as shown in Figure 5-1).

(4) Place battery strap over top of battery and
secure with two bolts removed in step 2.

(5) Inscrt battery plug into its mating connector.

{(6) Replace instrument cover, and charge battery
as follows:

CAUTION: Usec only charger/AC adapter
unit supplied with recorder.

(7) Plug battery charger into rear panel CHG. COnli
jack, and place mode switch in CHG. (bottom) posi-
tion (Figure 2-2). Set charger switch to applicabl
source voltage, then plug charger into AC line.

(8) Permit battery to charge for 14 to 16 hours,

or as required.

(3) Check battery charge by following procedures
in step (1) under paragraph 3.3.

CAUTION: DO NOT excecd 24 hours.

NOTE: If charger operation is doubtful,
refer to paragraph 1.3.6c.

2.3 INSTRURMENT MOUNTING

a. The Model MSuO1BE, with its internal power an?
case carrying handle, has been designed primarily
for portable and bench-top applications and there-
fore no special installation procedures are requir
Four rubber fect are adhesively-attached to the be
tom of the instrument to protect supporting surfars
The unit should normally be opcrated in a horizont
plane, however, it may be tilted backward up to 2f
deprees without hindering the automatic function ¢
refolding used chart.

b. Prefecrably, the recorder should be positicned
in a clean well-lighted location that affords con-
venient access to the operator. It should not be
subjected to excessive vibration or extremc tempe:
ature and humidity conditions. If excessive dust
moisture or corrosive fumes are present, a proper.
vented enclosure should be used to protect the in
strument. If signal interfercnce is encounterad,
refer to signal Shielding and Grounding technique
in paragraph 2.6.3.

2.4 CHARTING PROCEDURES

(1) To install chart in recorder, turn off re-
corder power switch, swing scaleplate upward and

2-1



remove. Ralse pen lifter lever located at left
end of chart-drive roller. Pull front drawer
assembly forward against its stops (Figure 2-1).

(2) Squeeze retaining bail to disengage it from
drawer slots; then 1lift bail out. Grasp center
wedge attached to hinged baffle, and pivot baffle
downward,

(3) Place chart supply in paper-supply compart-
ment so that elongated drive holes are toward
left side of recorder, and printed side of chart
is toward rear of recorder.

(4) Pull up a few inches of chart from supply
and insert end of chart between loading chute
and drive roller as shown in Figure 2-1.

(5) Thread chart over top of drive roller and
under tear-off bar by rotating thumnbwheel on
right end of drive roller until leading edge of
chart is just behind bar. See that roller pins
engage the perforations in chart paper at both
edges.

NOTE: 1If any chart paper is pro-
truding from supply compartment,
carefully fold it back into its
original configuration.

LOADING
CHUTE

e

™MBAFFLE

DRAWER
ASSEMBLY

~ i

1574 =
ﬁ\ iy unulf:]'e i ;\r;:r_—? ——

ACCUMULATED
CHART

N

2-FOLD
CHART SUPPLY

CHART TRANSPORT (SIDE VIEW)

Figure 2-1. Chart Installation Diagram.
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‘swing plate downward until it
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(6) Pivot baffle upward, and snap into position
by pressing on both top-front corners. Replace
wire bail.

(7) Rotate thumbwheel downward until chart en-
ters draver assembly and begins to fold as shown
in Figure 2-1. If chart does not automatically
start to refold properly at first, manually po-
sition first fold to ensure correct folding.
Allow at least three folds to accumulate in
drawer,

(8) Lower pen lifter lever and replace scale-
plate by inserting top edge in first; then,
snaps into posi-
tion. To check operation, turn on power switch
and select chart speed deszired.

NOTE: A 1/8" wide, blue line start-
ing approximately one metter (36")
from end of chart in left-hand margin
will give operator warning that end
of chart is near.

2.5 INKING PROCEDURES

A disposable pen cartridge and scaleplate
pointer are supplied in the service kit. If
desired, slide pointer over pen staff before
installing cartridge. To install a cartridge,
proceed as follows:

(1) Turn off power.switch, raise pen lifter
lever, and swing scaleplate upward and remove
\

(2) Remove red protective cap from pen tip and,
with pen tip facing down, insert-module straipht
back into cartridge holder. Priming of pen is
not necessary, '

(3) Lower pen lifter lever and replace scale-
plate by inserting top edge in first, then swing
plate downward until it snaps into position.

With chart installed, select a chart speed, turn
on power switch, and check operation.

2.6 ELECTRICAL CONNECTIONS

The composite wiring diagram (Figure 4-2) fur-
nished in this manual identifies all external
terminal connections for signal input, as well
as switches and jack used for external power to
the recorder and for charging the internal bat-
tery. Input power ratings will be specified on
a nameplate located on the rear panel, and are
also listed on the Data Sheet.

2.6.1 POWER CONNECTIONS

a. The Model MSUOIBB Miniservo is normally
povwered by its own internal battery; thus, for
this operational mode, external power connections
are not requircd. The recorder can be powered,
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Figure 2-2. Power and $Signal Connection Points.
however, from either of two external-power sources:
(1) a 50- or 60-Hz AC linec by means of the charger/
AC adapter supplied; or (2) an external 12 VDC sup-
ply. To use the external power mode, plug either

the charger or an external DC source into rear-panel

connector jack J104, and place mode switch S104 in

its AC/EXT. BATT. (center) position (see Figure 2-2).

To charge the internal battery, plug charger into
rear-panel connector jack J104, and place mode
switch S10% in the CHG. (bottom) position. It is
recommended that the internal battery not be left
on charge more than 24 hours.

NOTE: Charger/AC adapter CANKOT be
used to power recorder and charge
battery simultaneously.

b. It is recommended that an external ground con-
nection be made to the instrument--preferably
through the ground-input jack (<-) on the front
panel. This jack is connected internally to the
recorder chassis.

€. 1If recorder is to be operated from an ex-
ternal DC source, a mating power plug for input
jack J104 is available from Esterline Angus under
part no. JAC-17. This optional two-conductor plug
is shown in Figure 1-4.

L&ZANAKKB&GNALCONNECHONS

Analog signal sources are connected to the front-
pancl input jacks as shown in Figure 2-2. For an
up-scale deflection, the positive signal is con-
nected to the "HI+" jack and the negative signal
to the "LO-" jack. Refer to paragraph 2.6.3 for
sugppested input-signal shielding and grounding
techniques.

UTION: Common mode voltage must NOT
exceed a maximum of 150 VDC.

2.6.3 SHIELDING AND GROUNDING

a. Tor most applications, signal input connec-
tions may be made with a single-wire shielded
cable or unshieclded leads as shown in Vigure 2-3A

& B. For low-level signals in "noisyYarg: oW -
ever, a two-wire shielded cable is recommended
(see wiring examples in Figure 2-3C).

b. The presence of external interference (or
stray pickup) may be indicated by a slight vi-
bration of the pen, zero shifting, ecxcessive
deadband, or any combination of these effects.
Such conditions can usually be eliminated by use
of proper shielding and grounding techniques.

¢. In applications where the source of stray
pickup is unknown, the ideal operating condition
may best be found by experimenting with the dif-
erent connection configurations shown in Figure
2-3. If unsatisfactory operation still exists
and it is established that relatively high AC
signals are present, it may be necessary to in-
sert a low-pass RC filter across the output of
the signal source.

SINGLE-WIRE SHIELOED CABLE ]
RECORDUR
SIGNAL () —— O HI(+)
SOURCE () 3= 7" """~ TT TR0 L00-) 2o
L
JUMPER — 1O GND
*
A
UNSHIELDED LEADS OR
TWISTED PAIR RECORDER
sionaL () QO HI{+)
SOURCE () ~OLO{-) >8
JUMPER /'k~o GND
*
B 1
TWO-WIRE SHIELDED CABLE
: - RECORDER
SIGNAL {4 KT—-'_~_“——7\| O HI+)
SOURCE (-} LTI _|/,D LO(~) A
JUMPER*’}C)GND
X
RECORDER
SIGNAL () ——f - O HI4)
SOURCE "t ! -
(=) ST T “‘}/ZO LO(-) > A
’ JUMPER O 6N ;
* ‘
RECORDER
SIGNAL ~m e m =T i .
source " r ' ;|A()'{N4)
(SINGLE- ool Ty =======% ———O LO(-) >4
ENDE D) —[jI;T O GND
c L

¥ ALTEANATE CONNECTION., DO NOT USE IF {—-)SIGNAL IS
AT "OFF-GROUND" POTENTIAL.

A SEE FIGURE 2-2 FOR RECORDER SIGNAL-CONNECTION POINYS

Figure 2-3. Signal Shielding and Grounding.
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SECTION 3—OPERATION

3.1 OPERATING CONTROLS

Operating controls for internal-battery powered
Miniservo recorders are illustrated in Figure 2-2
(rear-panel controls) and in Figure 3-1 (front-
panel controls). Basic control functions are
delineated in the following paragraphs.

3.1.1 REAR PANEL CONTROLS

a. BATTERY CHECK SWITCH (SW1): This is a two-
position slide switch having an OPERATE position
and a momentary press-to-test BATTY position.

In the battery-check position, the internal bat-
tery is connected through SW1 circuitry to the
servo measuring system to indicate the charged
condition of the internal battery. 1f the re-
cording pen moves into the green area on the
scaleplate, the battery voltage is sufficient
for normal operation; however, if the pen is
near the right-hand side of the green area, the
battery is nearing the point at which it should
be recharged.

b. MopL swITCH (Sieh): This threc-pesition
slide switch permits the operator to select the
input-power mode for the instrument. In its
BATT. (top) position, the recordcr operates from
the internal battery; in the AC/EXT. BATT. (cen-
ter) position, the instrument is powered by an
external source connected to J104 (AC adapter or
external 12 V source); but, in the CHG. (bottom)
position, the internal battery will be charged
when the charger is connected to Ji04. The re-
corder will remajn incperative during battery
recharging periods.

C. CHG. CONN./EXT. BATT. JACK (J104): This
jack provides a convenient means for connecting
the charger/AC adapter or external DC source to
the recorder, using a Switchcraft No. 760 plug
or equivalent.

d. POWER FUSES: Two separate fuses are pro-
vided on the rear panel of the instrument.

Fuse F101 protects the internal battery circuit,
while fuse T102 is used only with external power
sources. Replace these fuses with only the
exact types recommended.

3.1.2 FRONT PANEL CONTROLS

a. CHART ADVANCE (THUMBWHEELL): This mechanical
adjustment is provided so that the operator can
advance the chart paper manually. Rotating the
wheel downward over-rides the internal drive
system and propells the chart forward. This
control should always be used when charting the
instrument.

b, PEN LIFT (LEVER): The small metzl arn lo-
cated at the left end of the scaleplate is a pen
lifter lever. This device permits the operator
to raise or lower the recording pen as desired.
To raise the pen from the chart, merely move the
lever arm upward. The pen can be lowered to its
recording position by moving the lever cownward.
C. POWER SWITCH (S103): This is a two-position
siide switch that controls DC power to hoth serve
and chart-drive systems. To energize the record.
move the switch to its "ON" position. Always pl.

302 PEN LIFY
CHART SPEED /‘ NoL

—

FRONT VIEW
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‘W ADVANCE
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. I
Bl sto3 CASE
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- [ — i 1374

e —— ' x|
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GAIN SPAN  OFFSET
(R1S) (R2)  (R209)
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Figure 3-1. Location of Controls and Adjustments.
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the switch in its "OFF" position when recorder is
not in use, or when charting, inking or servicing
the unit.

d. CHART SPEED SWITCH (S102): This nine-position
rotary switch offers the operator a seclection of
eight (CM/HR) chart speeds, and it may be rotated
in either dircction with power on or off. To stop
the chart paper, place the switch in its "OIT" po-
sition (fully counterclockwise).

e. SPAN SWITCH (S101): A twelve-position rotary
switch used to select any one of 11 different
measuring and recording spans. In its OFI' posi-
tion, the signal source connection is broken and
the preamp input is effectively shorted. The
switch assembly also includes an inner concentric
zero control (R110). This screwdriver adjustment
provides a zero pen positioning over #100% of the
chart span.

3.2 SERVO ADJUSTMENTS

a. All Miniservo recorders are carefully set up
for normal operating standards before leaving the
factory; however, certain servo system adjustments
are provided to satisfy variocus field applications
and for calibration purposes. These adjustinents
include Gain and Span, which are miniature poten-
tjometers that mount on an internal PC board. The
controls are adjustable with a small screwdriver
through access holes on the side of the case--as
illustrated in Figure 3-1.

b. GAIN ADJUST (R15): Servo "stiffness" (deadband)
is determined by the setting of this contreol. It
estaulishes overall amplification through a sig-
nal feecdback loop in the servo system. For maxi-
mum stability, the control should be adjusted for
only maximum specified deadband.

C. SPAN ADJUST (R2): The Span control regulates
the precise amount of reference supply voltage
that is applied across the feedback pot. It de-
termines the accuracy of full-span deflection,and
should therefore be adjusted only during calibra-
tion procedures. This adjustment provides a shift
at F.S. of approximately 10% of chart span.

NOTE: HNo damping adjustment is required.
A dynamic damping circuit has been built
into the servo amplifier for optimum re-
sponse characteristics.

3.3 OPERATING PROCEDURES

The following instructions assume that either
internal or external power is connected to the
instrument, chart paper is installed, and that
ithe inking system is ready for operation.

CAUTIQE} Internal scrvo adjustments
are pre-set and should not be disturbed
unless otherwise specified.

3-2
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(1) 1If operating from internal battery, turn

on power switch 5103, hold battery-check switch
SW-1 in its BATT.Y position, and note charged
condition of battery (as indicated by pen pointer
on scaleplate). Recharge battery if necessary.

(2) Swing scaleplate upward and remove; then,
lower recording pen ontor chart by moving pen
1ift lever down.

(3) With power switch on and chart speed switch
$102 off, permit instrument to warm up for
approximately 10 minutes without signal applied.

(4) Connect shorging jumper across "HI'" & '"LO"
signal input jacks, place span switch S101 in
appropriate position for intended measurement,
and set chart speed switch to an operating posi-
tion.

NOTE: To conserve chart paper during
initial adjustments, place chart speed
switch in its slowWest rate position.

(5) Recording pen should come to rest on zero
reference line of chart. If it does not, care-
fully adjust zero potentiometer R110, which is
accessible through center of span switch knob.

NOTE: If zero suppression or elevation
is desired, refer to zero offset adjusti-
ments in paragraph 3.4.

(6) Place span and chart-speed switches in
approyriate pozitions for the desired record-
ing application. Remove shorting jumper and
connect analog source to signal-input jacks.
CAUTION: Maximum common-mode po-
tential is limited to 150 VDC.

(7) Recorder is now operational. Replace
scaleplate by inserting top edge in first;
then swing plate downward until it snaps into
position.

NOTE: If recording accuracy is not
within acceptable tolerance, refer
to calibration instructions.

3.4 ZERO OFFSET

a. Zero control Ri110, which is a screwdriver
adjustment accessible through the center of the
span switch knob, not only affords the operator
conventional zero pen positioning but also pro-
vides a mecans for offsetting clectrical zero.
HWith this feature, the operator may shift a
selected measurcment span so that a more detailed
record of a specific analog variable is obtained
with maximum resolution.



b. 1If negative or both positive and negative
signal excursions are to be recorded, electrical
zero may be shifted up-scale (elevated) from O
to +100% of the selected chart span. If the in-
put signal range is greater than the upper limit
of the span selected, electrical zero may be
shifted down-scale (suppressed) from O to -100 %
of the chart span.

.3.4.1 ZERO ELEVATION

a. Electrical zero can be shifted up-scale
(clevated) from chart or scale "0" to full scale
for any sclected recording span; therefore, the
Miniservo can be adjusted to record negative or
both positive and negative input signals. Zero
may be elevated by the following procedure:

CAUTION: Signal input must not exceed
+100V, regardless of offset adjustment.

Remove analog source and connect shorting
WHIM and "LO' signal input jacks.

&)

jumper across

(2) Place span switch (s101) in desired span
position, turn on power switch (s103), and per-
mit instrument to warm up for ten minutes.

(3) Determine desired zero pen position on chart
or scale. Lower-end value of input signal range
equals minimum amount of zero elevation reguired--

disregarding negative sign of input signal voltage.

NOTE: If scale calibrations are not
divectly proportional to selected
span, calculate equivalent perccntage
point on scale.

{(4). Using small screwdriver, carefully adjust
zero (R110) until recording pen moves up-scale
to point determined in step (3). Adjustment is
accessible through hole in center of span knob.

(5) Remove shorting jumper and connect signal
source to be measured. Instrument will now record
analog inputs over offset range selected.

b. EXAMPLE: Assume an analog source having maxi-
mum signal deviations of from -13 mV to +65 mV.
The total desired measurement range is thus 78 mV.
To encompass this signal range,an available record-
er span of 100 mV is selected. Since the selected
span is 22 wV greater than the anticipated signal
range, 11 mV may be added to ecach end of the range
so that all measurements will be centered within
the given chart span. Adding 11 mV to the lower-
end value of the signal range (-13 mV), results in
a total required elevation of 24 mV (disrcparding
sign). BZero pot (R110) is then adjusted for an
elevated pen position equivalent to 24 wV on the
chart or scalc. The recorder will now operate
over the desired input signal range with a full-
span calibration of from -24 mV to +76 mV.

9

3.4.2 ZERO SUPPRESSION

a. When source signals are to be recorded that
are above the upper limit of an availakble span,
electrical zero may be shifted down-scale (sup-
pressed) as much as one full span from chart or
scale "O". Zero may be suppressed by the follow-
ing procedure:

CCAUTION: Signal input must not exceed
+100 V, regardless of offset adjustment.

(1) Disconnect analog source, place spaun switch
(S101) in desired span positien, turn on power
switch (S103), end permit instrument to warm up
for ten minutes.

(2) Using known-accurate voltage stendard,
apply input signal to recorder that equals low-
end value of desired measurement range. Record-
ing pen will deflect to equivalent pcsition on
chart span.

NOTE: If scale calibrations are not
directly proportional to selected
span, calculate equivalent percentage
point on scale.

(3) Using a small screwdriver, carefully adius
zero (R110) until recording pen moves down~scal
and comes to rest precisely on uo" reference 13
of chart. Adjustment is accessible through hol
in center of span knob,

NOTE:

sents low

ccale "O" now electrically repre-
end of desired measurement ITauge

. ,
Disconnect voltage standard from reccrder
source to be measured. ]

()
put and connect signal
strument will now record analog inputs over of4
range seclected.

b. EXAMPLE: Assume an analog source having
maximum sipgnal deviations of from +15 V to +il
The total signal range is thus 4o V. To encor
pass this measurement range, an available ospar
of 50 V is selected. Since the vrecorder span’
10 V greater than the anticipated range, each
end of the signal range may be shifted 5V to
center all measuremenis on the chart span. S
tracting 5 V from the lower-end value of the
signal range (+15 V), results in & required
suppression of 10 V. A reference source of ¢
cisely +10 V is applied to the recorder input
and zero pot R110 is then adjusted until the
recording pen comcs to rest on chart "o". Th
reference source is removed and the recorder
now set up to opcrate vver the desired input
signal range with a span calibration of from
to 60 V.
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SECTION 4—MAINTENANCE

4.1 GENERAL

The Model MSUO1BB battery-powered Miniservo, de-~
signed for long trouble-free operation, should
require little attention in the field, other

than periodic recharging of the internal battery.
Battery voltage should be checked regularly, and
periodic maintenance schedules for the instru-
ment should be established and followed to ensure
optimum performance. Where extreme temperatures
or contaminated atmospheres prevail, maintenance
should be performed more often. Since frequency
of use and environmental conditions may vary with
eath application, maintenance scheduling is left
to the discretion of the user. Routine mainte-
nance procedures will primarily entail a complete
visual inspection and cleaning. Keeping a simple
written record of component replacements will be
a handy reference during inspection, and will
help ensure that a ready reserve of expendable
jtems is maintained--such as chart paper and pen
modules.

WARNING: Prior to servicing or clean-
ing activities, always remove external-
power sources and any other wiring that
is potentially dangerous. If the in-
strument cover 1is removed, it is rec-
ommended that the internal battery be
disconnected--use care NOT to short the
battery terminals.

4.2 INSPECTION

A complete visual inspection of the instrument
should be made at cach scheduled maintenance
period to detect the possible onset of a mal-
function. At that time, check for low chart
supply, accumulation of dirt, damaged or loose
hardware, shorted or broken wiring, and loose
connections. Also check the reserve of charts
and pen modules to assure that an adequate
supply is on hand.

4.3 CLEANING

3. Regardless of the precautions taken, dirt
and dust will enter the recorder chassis area;
therefore, periodic cleaning of exposed compo-
nents within the instrument will be necessary.
Always kecp the pen tip free of lint and dried
ink. To prevent dry-out, replace red cap on
pen tip if recorder will remain inactive for
more than 2% hours.

b. Light dirt marks can be removed from case
surfaces, scaleplate, and front control panel
with a damp, lint-free cloth or sponge. LEster-
line Angus recording ink is water based and can
be removed with a wet cloth. Heavier dirt
smudges can bé removed with any commercially-
available liquid detergent; however, DO lOT use
harsh solvents as they may damage certain fin-
ishes. Dust and other dry accumulations can be
removed from within the recorder with a soit-
bristled brush or low-vacuum system. Under nor-
mal operating conditions, recorder lubrication
will not be necessary in the field. DO KOT lubri-
cate the pen module bearing or its gulde rod, un-
der any circumstance.

CAUTION: Exercise care when cleaning
to avoid disturbing electrical wiring
and alignment of mechanical parts.

4.4 CALIBRATION

Recorder calibration can be checked by a direct
comparison with-a known-accurate standard. Tlhe
validity of such a test, however, decpends upon
the accuracy of the reference source--which
should be considerably better than accuracy re-
quirements of the recorder. To calibrate the
Miniservo, refer to Figure 3-1 for location of
adjustments and proceed with the following in-
structions:

NOTE: 1If operating from internal
battery, test battery condition be-
fore attempting calibration.

4.4.1 ZERO ADJIUST

(1) Turn off Power switch $103 and remove cover
from instrument (see Disassembly instructions).

(2) Disconnect analog source and connect shortirn
jumper across "HI" and "LO" signal-input jacks.

(3) Turn on Power switch S103 and permit recorde?
to warm up for at least ten minutes.

(4) Place Span switch $101 in its OFF position,
and sclect mid-range feed rate on Chart Speed
switch 5102.

(5) Adjust Zero pot R110 until pen pcint moves uj

scale and is positioned exactly on a vertical pra
uation line at mid-chart.

4-)



NOTE: Chart paper should be in motion
for all adjustments.

(6) Set Span switch S$101 to its 1 MV position.
Recording pen should remain on reference line of
chart. If it does not, use small screwdriver and
carcfully adjust Offset pot R209 until pen point
is positioned precisely on reference line selected
in step (5).

(7) Place Span switch S101 in its OFF position.
Pen should not move from chart reference line.
If it does, repeat steps (5) and (6).

(8) Disconnect shorting jumper from front-panel
input jacks, and proceed with span adjustments.

4.4.2 SPAN ADJUST

(1) Place Span switch 5101 in its 50 MV position.

NOTE: Any available span may be
selected for dedicated applications.

(2) Connect output of precision voltage stand-

ard (Esterline Angus Model V-2000 or equivalent)
to recorder input jacks, and adjust standard for
zero voltage output.

73) Adjust Zero pot R110 until recording pen
oint comes to rest precisely on zero reference
ine of chart.

NOTE: cChart paper should be in motion
for all adjustments.

(4) Set standard for a DC voltage output equal
to full-span calibration as selected by span
switch in step (1). Recording pen should de-
flect upscale.

(5) Carefully adjust Span pot R2 until pen
point comes to rest precisely on full-scale
reference line of chart.

(6) Adjust Gain pot R15 to a minimum clockwise
setting that produces a deadband within 0.2% of
span. ’

(7) Recheck zero pen position and, if necessary,
repeat steps (3) through (5). Disconnect
voltage standard from recorder.

4.4.3 BATTERY CHECK ADJUST

(1) Pull red wire, terminated with removal con-
nector, from terminal #2 on terminal board TB101
(Yigure 5-1).

(2) Hold Battery-Check switch SW1 (Figure 2-2)

in its BATT.Y position. Reccording pen point
should come to rest precisely on right-hand 0"

4-2

reference line of chart: If it does not, use
small screwdriver and carefully adjust Battery-
Check Zero (R1 in Figure 5-1) until accurate
reference is obtained. Release Battery-Check
switch.

(3) Reinstall red wire on terminal #2 of TB101.
BATT.Y position of switch should now cause re-
cording pen to accurately indicate charged condi-
tion of internal battery.

NOTE: Serve system calibration is

now complete and recorder may be re-
stored to operation; however, if chart-
drive calibration is deemed necessary,
proceed with® paragraph &.4.4.

4.4.4 STEPPER FREQUENCY ADJUST

Electronic control circuits of the chart-drive
system have been accurately adjusted at the
factory and will not normally require field re-
calibration. If, however, components of the
stepper-drive circuitry have been replaced or
chart speeds appear incorrect, proceed with the
following instructions:

CAUTION: 1Inspect all mechanical and
electrical modules for proper opera-
tion before attempting recalibration.

(1) Using precision frequency counter, apply
pover to counter and permit it to warm up as
recommended in instrument instructions.

(2) Place recorder Chart Speed switch $102 in
its 300 CM/HR position, and Span switch $101 in
its OFF position.

(3) Turn on Pcwer switch S103 and permit re-
corder to warm up for at least 10 minutes.

(4) Connect "low" input lead of frequency
counter to ~12 VDC point (recorder commen), and
connect "high" input lead to violet wire terminal
on Chart Speed switch S$102 (refer to schematic in
Figure 4-2).

(5) Adjust frecquency counter for measurement.

If counter readout is not 20 Hz (50 ms time period),
usc small screwdriver and carefully set Frequency
Adjust R3 for 20 Hz readout. Pot R3 is located

on PCBu401 (see Figure u4-1).

NOTE: It may be necessary to loosen
battery mounting to make this adjust-
ment.

(6) Rotate Chart Speced switch S102 through each
of its fecd-rate positions. Counter should in-
dicate frequency (or time) listed in Table 1-2
for each speed selected.

3
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. (7) This completes chart-drive calibration,
Disconnect frequency counter and restore recorder
: to operation.

CAUTION: Make sure internal battery is
i securely fastened in its operating posi-
i tion.
H
4.5 DISASSEMBLY
: 2. Most of the components and modular asscnblies
i in the recorder are accessible for inspection and

servicing by simply removing the instrument cover;
however, certain adjustments and repairs in some

(PCB101), the stepper-drive board (PCBH01), and
the preamp switch assembly (including PCB201)
arc replaceable as complete subassemblies.
Other components such as the servo motor, {eed-
back potentiometer, and chart-drive stepper
motor are also replaceable in the field.

4.5.1 COVER REMOVAL

To remove the instrument cover, proceed with the
following steps:

§ areas will be facilitated by removing the inter- (1) Place Power switch in its OFF positicen.
M nal battery (sce Figure 5-1). Servicing of a few Disconnect external-power source from recorder
components, such as the servo motor and feedback (if used) and remove signal wiring from front-
- potentiometer, may also require removal of the panel jacks.
f inner chassis assembly from the instrument base
i pan. (2) Remove two screws securing cover on each
side of recorder base pan.
- b, Basic chassis assembly construction and the
é location of functional parts arc shown in Fig- (3) Lift cover straight up and off from in-
4 " ures 4-1 and 5-2. Servo~amplifier board strument.
? SERVO DRIVE
K SERVO GUIDE PULLEY GEAR AND SERVO MOTOR CHASSIS
PULLEY PINION ASSY. ASSEMBLY

CHART TRANSPORT ASSY.

g
o g t
A
T R3(FREQ ADJUST)
5¢¢1j*‘“1
A c;b\-“' le
{ |oBTR
oo M ——STEPPER DRIVE
‘ PC BOARD
(PCB401)
POWER
ON-OFF
SWITCH DC SERVO
(s103) MOTOR
TIMING (B102)
BELT
MOTOR SERVO AMP
PULLEY PC BOARD
CHART DRIVE (PCB1O1)
] ("g?g?? FEEDBACK
- POT.
o (R501)
Figure 4-1. Major Components of Inner Chassis Assembly.
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4.5.2 BATTERY REMOVAL

To remove the internal battery, proceed as
follows:

(1) Remove instrument cover as described in
paragraph 4.5.1.

(2) Disconnect battery plug from its mating
connector.

CAUTION:

terminals.

DO NOT short battery

(3) Remove two bolts and strap securing bat-
tery to recorder base pan (see Figure 5-1).

(4) Lift battery up and out of instrument.

4.5.3 CHASS1S ASSEMBLY REMOVAL

To remove the inner chassis assembly, proceed
with the following steps:

(1) Remove instrument cover and internal bat-
tery as previously described.

(2) Unsolder both red (RD) and orange (OE)
vires from Power switch 5103.

(3)

nectors straight back from board.

Disconnect two cable connectors at rear edge
of stepper-drive board (PCBU01) by pulling con-

(4) Disconnect only required wiring from servo-

amplifier board as specificd in Table 4-1A.

Carefully pull each removable connector straight

up from its mating pin on board. Use extreme

care NOT to break connector pins.

CAUTION: DO NOT disturb adjustments
or other wiring.

(5) From underside of recorder, remove four

screws securing chassis assembly to base panj
then, pull chassis straight up and out top of
instrument.

NOTE: When reinstalling chassis, re-
fer to Table u4-1A and to diagram in
Figure 4-2 for location of connection
points.

4.5.4 PREAMP MODULE REMOVAL

To remove the predmp switch and PC-board assembly,
proceed with the following steps:

(1) Remove instrument cover and internal battery
as previously described.

(2) Disconnect wiring from battery-check and
servo-amp boards as directed in Table 4-1C. Ca:
fully pull each removable connector straight out
from its mating pin on PC board. Use extreme
care NOT to break connector pins.

o-

CAUTION: DO NOT disturd adjustments or
other wiring.

(3) Using .050"™ Allen wrench, loosen setscrew
in Span switch knob and remove knob.

(4) Remove nut securing switch shaft bushing to
front panel.

CAUTION: DO MOT stress switch or
board wiring.

TABLE 4-1. WIRE DISCONNECT GUIDE FOR ELECTRONIC MODULES
TO REMOVE CHASSIS MODULE ()TO REHOVE SERVO AMP BOARD TO REWOVE PREAMP MODULE
DISCORNECT WIRE:® DISCONNECT WIRE:% DISCONKECT WIRL:®
COLORED:{ FROM COMPOWENT:| TERM. ]| COLORLD:|FROM COMPONENT: TERM. 6|} COLORED:{ FROI COMPONENT :| TEPM. €
BK ' 2 BK 2 BE Battery 1
_EE!EE*_ 3 WH/BE 3 WE/GH Check y
Wi/RD 1 WL/RD 1 TWE/RD Board 7
BK Servo i BK i WE/BE PCB301 9
BE Amp i8 RD 10 Servo Amp
BK Board 19 OFE 12 BK Board 2
WL/GH FCB101 20 RD Servo 13 PCB101
KD | 12 V 1N BL Amp 1n
YW POINT "A" 919 Board 15
BE. PCB101 18
BK 19
WE/GHN 20
) k12 V 111
YW POTNT A"
* CAUIION: Remove wires carcfully; DO NOT break board connector pins.
0 Refer to schematic diagram for location of board terminals.
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(5) Carefully move entire medule to one side and
unsolder both red (RD) and black (BK) wires lead-
ing to front-panel input jacks.

(6) Free all connecting wires and carefully with-
draw switch assembly from front panel. Remove
entire preamp module from instrument.

NOTE: When reinstalling module, refer
to Table 4-1C and to diagram in Figure
4-2 for location of connection points.

4.5.5 SERVO BOARD REMOVAL

To yemove the servo amplifier board (PCB101),
proceed with the following steps:

(1) Remove instrument cover and internal bat-
tery as previously described.

(2) Disconnect wiring from servo amp board as
directed in Table u4-1B. Carefully pull each
removable connector straight up from its mating
pin on PC board. Use extreme care NOT to break
connector pins.

CAUTION: DO NOT disturb adjustments
or other wiring.

(3) From underside of recorder, remove four
screws securing PC board to inner chassis.

NOTE: Hounting screws are accessible
through holes in instrument base pan.

(4) Clear all wiring and carefully remove servo
amp board through rear of inner chassis assembly.

NOTE: When reinstalling board, refer
to Table u4-1B and to diagram in Fig-
ure -2 for location of connection
points.

4.5.6 STEPPER BOARD REMOVAL

To remove the stepper drive board (PCBNOl), pro-
ceed with the following steps:

(1) Remove instrument cover and internal bat-
tery as previously described.

(2) Disconnect two cable conncctors at rear
edge of PC board by pulling connecctors straight
back from board. :

CAUT[Qﬂf DO NOT disturb adjustments
or other wiring.

(3) Remove three screws securing board to left-
hand side of inner chassis assembly.

(4) Carefully slide stepper board out through
rear of chassis and remove from instrunent.

NOTE: When reinstalling board, make
sure cable plugs seat firmly on edge-
board connectors.

4.6 SHUTDOWN

If the recorder is to remain inactive for more
than 30 days, disconnect external-peower source
(if used) and remove pen cartridge module. I
cartridge is to be retained, place red protecriv
cap over pen tip. Place Power switch in its Ol
position and Mode switch in its CHG. position.
1f instrument is to be transported for a leng
distance, follow factory packing procedures.

NOTE: DO NOT store recorder for ex-
tended periods with the internal bat-
tery in a discharged state. Aluays
fully charge battery before removing
recorder from service and recharge at
least cvery six months.

4.7 SCHEMATIC DIAGRAM

a. A complete electrical schematic and wiring
diagram is furnished in Figure 4-2 of this manu
This composite diagram provides all necessary 3
formation for tracing wiring and troubleshcotir
the instrument.

b. If trouble is indicated in the electrical
measuring system, the most logical troubleshoo!
ing approach is to isolate the fault to one el
trical module or component--such as a servo an;
board or fecdback pot. Voltage and current
measurements, continuity checks, and DC resist
measurements may be necessary to pin-point the
trouble.

CAUTION: Always turn off power before
making DC continuity checks or resist-
ance measurements.
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SECTION 5—-ILLUSTRATED PARTS BREAKDOWN

5.1 PARTS TABLES

a. Each parts table in the following section
covers a major assembly or proup of related com-
ponents used in' the construction of MINISERVO re-
corders. Illustrations accompany each parts list
to assist the user in obtaining a correct replace-
ment part.

b. The first column in each parts table contains
jdentifying numbers for assemblies, subassenmblies,
or parts that are pointed out in the accompanying
parts location jllustration. Esterline Angus part
numbers for all replaceable items appear in the

part is found in the Description column. The
number represented in the Qty. column refers to
the quantity used in the assembly covered under

the title of each particular list.

5.2 ORDERING INFORMATION

All parts and recording supplies are available
through Esterline Angus sales Offices. To in-
sure prompt delivery and receipt of parts that
are compatible with your specific instrument,
always mention the recorder Model Number and
Serial Number--as well as the part number and

Part Number column, while a nomenclature for each

description of all items requested.
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TABLE 5-1. INSTRUMENT MAIN ASSEMBLY RCPLACEMENT PARTS LIST.
Fig. 5-1 Part o QLy.
Item No. Description
No.
- 723022 HSU0IBD Recorder W/Integral Battery (Cownplete) i
i T23A53 .Decal, Information 1
2 -723b20 .Cover 1
3 7230h21 .Pan, Base 1
L 723A123 .Decal, Rear-Pancl 1
3
5 Npu0103-59 “.Screw (fu-u0 x 1/8") I
6 723A122 .Washer, Shouldercd 2
Y
7 NXQ0604 .Screw (6-32 s 1/4') b
8 SP1906 .Washer ({/6) 6
g %2106 .Nut (§/6-32) )
10 NDH0210-5 .Screw, Flat llead (#4-10 X 1/4") 2
11 723061 .Escutcheon, Right 1
12 723B29 .Plate, Escutcheon Hounting (Right) 1
13 723A52 .Trim, Front (Right) 1
in 123B36 Draver Assembly 1
15 723A51 .Trim, I'ront (Left) 1
16 43118 Jiut (3/8%) i

(REVISCO 8T9)
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TABLE 5-1. INSTRUMENT MAIN ASSLMBLY REPLACEMENT PARTS LIST (CON'T).
Fig. 5-1
SI)tem P;gt Description Qty.
No. ’
17 NXa110u .Screw (#110-32 x 1/u") y
18 A1032KB4B1 .Bolt, Battery 2
19 723A125 .Strap, Battery 1
20 723A126 .Bracket, Battery 2
21 L31450-4 Serew (#u-u0 x 1/u') 9
22 723D4~6 .Chassis Assembly (See Table 5-2) i
23 7234124 .Stop, Recar-Panel 1
24 ND#0213-22 .Screw (ffu-u0 x 1/2") 2
25 SP1904 Washer (#u) 10
26 43141 Nut (fu4-10) 7
217 723A04 .Handle & Hardware . 1
28 NX10605 .Screw, Flat Head (#6-32 x 5/16™) y
29 723A49 .Trim, Cover ' 1
30 723/66 .Decal, Logo 1
31 "723A63 .Knob, Chart Drive 1
32 723B30 .Escutcheon, Left 1
33 723A121 .Knob, Range (Span) 1
34 723828 .Bracket, Mounting 1
35 723A54 .Foot, Rubber 4
36 NX90203 .Screw (#2-56 = 3/16") y
37 14358 .Fuseholder 2
38 723B51 .Hold-Down, Chart 1
39 723A55-1B .Scaleplate; 100 to O 3
40 T23A77 .Standoff 2
4l 723A73 .Chute, Loading 1
42 723476 Medge 3
43 STCHC?21B .Screw, Self-Tapping (#iu x 1/8™) 3
Loy 723850 Baffle 3
45 723A81 .Bail, Wire Retaining - 1
46 SP1920 .Lockwasher (3/8") ' 2
Y] 723B30 Bracket, Escutcheon Mounting (Left) i
ug 723A131 Battery Charger/AC Adapter (Complete) 1
BT101 ‘723B395 .Battery Assembly W/Councctor ) 1
ciol L5304 Capacitor; 0.25 uF, uo0 V 1
C102 CEL148 «Cepacitor, Llcctrolytic; 2500 pF, 16 V 1
c1on CEL120 .Capacitor; 1000 ul, 35 V 1
CR101 43121 Diode, Silicon; IN4OOH 1
CR102 67A15 .Dicde, Zener; 1HUTUHA (Selected) 1
rio1, rio2 14359-1 Fuse, 1-amp, Slow-Blow 2
J101-J103 JAC12 .Terminal, Tront Input (Jack) 3
Jiou JAC16 .Connector, Rear Power (Jack) 1
rcB1o1 723CH1 -Servo Amplificr PC Board Assy. (Complete) 1
PCB301 723B91-4 .Battery Check PC Board Assy. (Complete) 1
Q101 TRAS190 Transistor; 245190 . . 1
5101 723CU2 -Span Switch Assy. W/S101, R110, PCB201 (Complete) 1
pPCB201 723A119-4 . .Board Assy., FPreamp k1
R103 RCC1-101 .Resistor; 100 9, 45%, % W 1
5102 723894 -Chart Spced Switch Assy. V/Connector (Complete) 1
$103 51166 .Switch, Power (ON-OTF) 1
Si04 5116h .Switch, Mode (BATTERY-AC-CHARGE) 1
TR101,TB102 KDH0074-19 Terminal Strip ?
R101, R102 RCC1-102 «Resistor, Carbon; 1K, #5%, 1/2V 2

723A68-1

"

723897

-Accessory Kit (W/Cartridge, Chart, Pointer, Screwdriver)
Chart Paper, Z-fold

Cartridge, Ink (6 per pack)

Carrying Case, Vinyl {opticnal)

AP
AR
AR

See Catalog

Listing. A/R:  As Required.

<
1
no

(RCVISTD B873)
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TABLE 5-2.

CHASSIS ASSEMBLY REPLACEMENT PARTS LIST.

Fig. 5-2 Part Description Qty.
Item No.
No
- 723D4-6 Chassis Assy., 12 V, W/Stepper Drive (Complete) 1
1 723B6 .Sideplate Assy. (Right-Hand) 1
2 72387 .Sideplate Assy. (Left-Hand) 1
3 723B25-1 .Top Mounting Plate Assy. 1
b 723C10 .Plate, Paper Supply and Guide 1
5 723824 .Drive Roll Assy. (Transport) 1
6 723A42 .Cartridge Holder Assy. 1
7 T23A22 .Rod, Guide 1
8 T23A37 .Bail, Pen Lift i
9 723A32 JArm, Pen Lift 1
10 723B35 .Clip, Scale Mounting 1
11 723A18 .Pulley, Servo Cable N 2
12 723A24 .Spacer, Pulley Hounting 2
13 ND40213-24 .Screw (#5-40 x 5/8") 2
iy NDU0203-4 Nut (##5-40) 2
15 NDu0221-10 .Lockwasher (#5) 2
16 723A2 .Pulley, Hotor 1
17 723B52 «Bracket, Motor Mounting 1
18 70A193-3 .Belt, Timing b
‘19 A .Cartridge, Ink(Red)™ 1
- A .Pointer, Scale 1
20 NX30603 .Screw (#/6-32 x 3/16™) 2
21 723A135 .Adapter, Motor 1
22 723A10 Pinion Assembly 1
23 HX38021 .Screw (/6-32 x 1/2") 2
24 723A5 .Clamp 2
25 NDY0213-38 .Screw (#6~32 » 3/16") 4
26 723B17 .Pulley, Servo Motor 1
27 723A21 JStop, Servo Pulley . 1
28 HX38017 .Screw ({6-32 x 1/u") - 1
29 SP1906 .Lockwasher (i#6) v ) 8
30 723A79 .Gear, 180-Tooth 1
31 HX38034 .Screw ({#18-32 x 3/8'") . 2
32 SP1308 Lockwasher ({#8) 2
33 HX38001 Screw (#u-40 x 3/16') 21
34 NX1004 Washer, Flat (in) 2
35 01523 .Cable, Servo Drive A/R
36 69140 «Bumper, Pulley Stop 1
37 ND40221-4 .Lockwasher (#n) 22
38 723A56 .Washer, Flat 1
39 723458 .Washer, Spring (Pen Lift) 1
4o 723A17 .Staudof{, PC Board 3
41 NX30202 .Screw (##2-56 x 1/8") 5
42 NX1002 .Washer, Flat (#2) 2
n3 723A57 +Washer, Hat-Type (Pen Lift) 1
Ly HX20591 .Setscrew 2
u5 43006 "E" Ring, Retaining 1
46 N¥2006 JRut (if8) 1
w7 HX20593 .Setscrew, Cup-Point (#u-u0 x 5/16") 1
48 ND40143-1 "E" Ring, Bowed 1
49 70A137 .Clamp, Pen Lift 1
50 ND40213-69 .Screw (#4-u0 x 1/8") 1
51 723A53 .Decal 1
52 723A136 .Washer, Shoulder 9
B101 7237128 .Stepper Motor Assy. W/Connector (Complete) 1
B102 723A118-1 «Servo Motor Assembly (Complete) 1
C103 40763-2 ..Capacitor, Ceramic Discy- .005 uF, 1000 V 1
reBuol 723B89-4 «Stepper Driver PC Board Assy. (Complete) 1
R501 ‘7231388 .Feedback Potentiometer Assy; 5 K (Complete) 1

% Qee Catalop Listing.

A Part of Accessory Kit No. 723A68-1 A/R:

As Required.
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STEVENS PASS TELEMETRY UNIT



UNIVERSETY OFF WASHINGTON
SEATTLE, WALHINGTON 98105

a

. Departiment of Atmospheric Sciences o

July 22, 1976

Mr. William L. Anderson
Manager of Forest Lands
Burlington-Northern
Paimer, WA 98048

Reference: University of Washington Research Project Central Avalanche
Hazard Forecasting, 63-1174

Washington State Department of Highways Agreement Y-1700
Subject: Land Use, Section 15, TZ6N, R14L

Dear Mr. Anderson:

The Washington State Highway Commission, Department of Highways, has

funded a second year of research under the above-referenced research project.
(A report covering the first year of this project is enclosed for your
information.)

As a portion of the second year of research, we propose to install a

Stevens Pass Telemetry System which will provide the avalanche forecaster

with meteorological feed-back from Stevens Pass (see page 5 of the enclosed
research proposal). Such a telemetry system would require a precipitation
measurement instrumentation package on a 10 foot tower to be located at site

A on the enclosed map; a windspeed and direction measurement equipment package
on a 30 foot tower to be located at site B on the enclosed map; and cables of

1/2" diameter to be laid on the aurface of the ground, as indicated, to
support the equipment packages.

We request permission from Burlington-MNorthern to use the southeastern
corner of Section 15, T26N, R14E, for the purpose of installing and
maintaining the above-described Stevens Pass Telemetry System.




®)

Mr. William L. Anderson
July 22, 1976
Page 2

No permanent improvements on the sile are planned and all materials will
be removed at the end of the research contract period (September 30, 1977)
with minimal disturbance to the area. HNo timber or reproduction will be
cut or destroyed by reason of our activities.

We are anxious to install our equipment at the subject site in August, and
we would appreciate your carly review of this matter.

Sincerely,

E. R. LaChapelle
Principal Investigator
Professor of Atmospheric Sciences and Geophysics

by E. M. Sackett
Program Assistant, Atmospheric Sciences AK-L40
(206) 5u43-7180
cc: Mr. Carl Morig
Mr. Al Bennett, WSDH Liaison
Mr. Carl A. Toney

Enclosures: Site Location Map

Oraft Interim Report, June ]976‘
Research Proposal, May 1, 1976
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Catalog Bulletin #206

The switches used on the Cam Timer Series are Snap
Action, Single Pole Double Throw totally enclosed
micro switches, each switch is marked Normally Open
(N.O.), Normally Closed (N.C.) and Common (C).
These markings designate the condition of the switch in
relation to the low or detent portion of the cam. A cir-
cuit is completed between the Common and the Nor-

CAM
ADJUSTMENT
SCREW
SYNC, MOTOR

TIMER
SWITCH

Low
PORTION
OF CAM

NORMALLY
CLOSED

NORMALLY
OPEN

L {common

LINE

WIRING DIAGRAM ONE OR MORE CAMS

mally Closed contact of the switch when actuator arm
is in detent. Thercfore, by sctting the cam opening at
10%, the contacts will be closed for 109 and opened
for 90% of the total time cycle. By wiring the switch
to either N.O. or N.C. the load “on time” can be ad-

justed for a total of 2% to 98% of the total overall
time cycle.

Calibrated

Drum

index Adjustable

Cam

Pointer

The cam opening may be adjusted by loosening the cam screw
and turning the movable cam to the required degree of opening
and then re-tightening the screw.

Refer to Catalog Bulletin # 206 for gear rack chart and dimensions.

INDUSTRIAL TIMER

A UNIT OF ESTERLINE CORPORATION




TIMING SEQUENCE...MC & RC
(fulti-cam Types)

Each cam is individually mounted on the main shaft
by means of a heavy duty friction which allows for
easy finger adjustment of the timing scquence. The
cams also incorporate a drum calibrated from 0% to
100% . Facing each calibrated drum is an index pointer
for the cam scquencing.

1. Set first cam at zero on drum using index pointer
as a guide.

2. Calculate the percentage of time difference when
cam #2, 3, etc. should be operated. For example, if
the overall time cycle is 60 scconds, the first cam is set

at zero; if the next operation is to be started 15 seconds
later, or 25% of the total overall time cycle, the second
drum is set at 25%, against its index pointer. 1f the
third operation is 15 scconds later, the third cam will
be set at S0%, etc., additional cams are set in a like
manncr.

The knurled disc at the end of the camshaft should be
held to prevent movement of the shaft while setting the
sequence of individual cams. It may also be used to
rotate the entire shaft for checking out program set-up,
prior to timer operation.

CHANGING TIME CYCLE

1. Gear racks are interchanged by removing the gear
rack screvw. To prevent binding of gears when installing
another gear rack, be certain there is a good amount of
gear play. NOTE: the number and letter are stamped

on the gear rack and should always face the cam shaft.

2. Additional gear rack assemblies for changing over-

all time cycles are listed in catalog gear rack chart.

ELECTRICAL CHARACTERISTICS

1. Cam Timers rated for 115 volt operation will oper-
atc within a range of 100 to 130 volts A.C.

2. 220 volt units will operate within a range of 205

to 240 volts A.C.

3. Switch rating 10 amps.

RA AND RC INSTRUCTIONS

For motor control switch and start magnet

Wire motor control switch as shown at right. Start
timer by energizing the start magnet which, in turn,
mechanically operates the switch.

For single cycle operation, energize the start magnet
for a period which is less than the time required for the
timer to complete a full cycle.

For continuous recycling the start magnet may be ener-
gized for any period of time. When released, the timer
will run to the “O” position and stop.
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Refer 1o Catalog Bulletin #2006 for gear rack chart and dimensions.

|




e C ' ] n o t
T EOSR RED By o pg
programm 1 HIMErs woe
‘:I gear rack chart
" MODEL RA O RA 1 RA 2 RA 3 RA4 RA S RA 6 RA7 RA S RAQ RA 10 RA 11 RA 12
MODEL cCMO M1 M2 CM 3 CM 2 CMS CM 6 M7 CM 8 CMs CM 10 CM 11 CM 12
MODEL MCO MC 1 MC 2 MC3 MC 4 iC S MC 6 MC 7 MC 8 MCo MC 10 MC 11 MC 12
MODEL RC O RC1 (RC 2\ RC 3 GC!J RC S RC & RC 7Y RC 8 RC9 RC 10 RC 11 RC 12
GEAR RACKS SEE NOTE 2* -
£-12 40¢ 4 sec 10sec_ | 20s | _40s em ) .3m20s__} tom | 20m ___}_3n20m | 8n
E-14 46.7c f 4675 | 11675 | 23335 | 46675 | 2m20s | 3ms3s | 11mdos | | “3ns3m ) “anzom
D-12 48¢ 4.8s 12s 24s 48s _2m24s | d4m | d2m _Shiém
E-1§ 50¢ - Ssec 125s _} 25s _ ] 50s i 2m30s | amlos _12m30s Jloh o
E-16 53.3¢ §.33s ] 13m20s ]_10h30m
D-14 56¢ 5.6s _l.1am 11hi2m
C-12 1 sec 6 sec _ism 12h
D-16 64c 6.45 _lem 12h48m
E-20 66.7¢c 6.67s | 16mios | 13h20m
C-14 70¢ 7s 1 17m30s lah
D-18 _T2c 7.2s Jlem o 36m  f 72m _14n2im
€-22 73.3¢ 7.33s _4.18m20s | 3 14haom
C-15 75¢ 7.5s ] 18miSs | 3 m 7 _15h
~—B.12 80c 8 sec 4.20m ] 40m _f som ] J.xeh
E-26 86.7¢ 8.67s _}_21m40s | 43m20s | 86md0s \ 17h20m
D-22 83¢ 8.8s 22m ) o44m n_ ) _7h20m__ | 17h36m
C-18 90¢ 9 sec _22m30s _7h30m__ { 18h
B-14 83.3c 9.33s 23m20s N _ | 1eniom
__ D24 96¢ 9.6s 24m } ] tehi2m
B-15 100¢ 10 sec 5m | 25m_ o 20m | 20h
D-26 104¢ 10.4s | do5smizs | s | 26m | N 8h40m _ | 20n48m
B-16 106.7¢ 10.67s . _|_5m20s __ .26m40s 208 26m_ ] 8hSim _ | 21h20m
c-22 110¢ 11 sec 27.5s | 5m30s ml0s__ ]| 27m30s | _ o f.1om [ sh3om__ | shiem_ | 22n
D-28 112¢ 1125 | 28s _ __}_.5m36s | 9meos | 2&m p1em  FOSh36m 1 Gpuom | 22hzam
£-34 113.3¢ 11.33s 28.33s ] 5maos | sm27s | 28m20s 113m20s | 5hd0m sh27m | 22ni0m
. A-12 2 sec 12 sec 30s bm_ 3. 10m ] 30m_f ¢ on S LU T
D-32 2s8¢c 12,78s | 32s _ _6m2ds | 10m40s [ 32m L} ¢hEm C1ohd0m | 25h35m
C-26 2510¢ 13 sec 32,55 _|._6m30s C10m50s | 32m30s_| €5m_ | 2n10m . 16hsom | zeh
B-20 2s12¢ 13.2s 33.33s |.6ma0s - 11m7s  } 33m20s | esmans | on13m A Llmmo | 26ndcm
0-34 2s16¢ 13.56s 34s _ojbma8s L 11m20s | 3am__ } e8m | 2hi6m 1 6hig&m | 11n20m | 27ni2m
A-14 _2520¢ 14 sec 3% A Imo ] 1im4os | 35m _2n20m L o7h ] 1insom fo2en
0-36 2s524¢ 14.4s 36s ml2s | 12m | ! L2n28m 1 7hiem | 12n_ ] 28ndagm
B-22 2s27c - 14.7s 36.67s Jm20s_ i 12m13s | 36mans | 7 s_§_2h2im __§ 7h20m_ 1 12h13m_] 2%h20m
A-15 2530¢ 15 sec 3755 . 12m30s L 37m30s | _75m_ | @h30m__ | 7h30m Jjo_12h30m | 30h
A-16 2340¢ 1€ sec 40s J3m20s_ 1 40m | gom _2h30m ) 8h b 13h70m | 32n o
C-34 2550¢ 17 sec 4253 J.34mi0s 1 42m30s § 8sm | 2nsom | 8h30m 1 14h1dm 1 3dn
- 8-26 2s52¢ 17.2s 43.33s s |_14m27s_| 43m2Cs § 86md0s L2053 1 8riom b 1ah27m | 33n4om
A-18 3 sec 18sec | 455 o sm ] asm ] 9om S sk ) o1sa ] 3o6h
B-28 3s7c 18.7s 46,675 _4 o 15m33s § 46m4aos | 3him __J _sh2em | 15h33m | azn2om
A-20 3s20¢ 20 sec 50s _16mi0s § 50m | .| 3n20m ) oton | 1ehdom | 40h
B-32 - 3533¢ 21.3s 53.33s s_]..17m47s | 53m20s | 106m40s .3n33m__ | 10n40m §  17h47m | 42haom
. A-22 3s40c 22 sec 555 o f . 18m20s_ ) 55m f 110m | 3ndom b 1 18h26m | 44n
6\,_ B-34 3s47¢ 22.7s 56.67s _§.56m40s | 113m20s { 3h47m 11h20m | 18h54m | 45h20m
A2 4 sec 2asec | -60s_ Som oo ) an_ o |ien [ Taon | asn
A-26 4520¢ 26 sec 655 65m | _2h10m _ | an20m__ | 13h __.21ha0m § S52n
A-28 4s540c 28 sec 70s 70m_ ) 2h20m ] ahqom Yah_ p 23h20m | seh
A-30 5 sec 30sec } 755 25m. ] L2n30m _ p sh o bo1sn  f 2sn | eon .
A-32 5520¢ 32 sec 80s _.26md0s | 80m I 2haom 20m | 16h | 26haom | edn
. 5540¢ Msec | 855 |-28m20s { Ssm__ | 2ns0m__f shaom } ivh _ | 28noom | esh
TTA36 6 sec 36 sec 90s 18m 30m 90m 3h 6h 18h 30h 72h
c-cycles © s-seconds  me-minutes  h-hours

1. ORDERING INFORMATION-Maodel number selected from top
of gear rack chart, gear rack, number of load switches, voltage and
frequency.

ALTERNATE ORDERING INFORMATION—Required time

cycle (one complete rotation of cam shaft), number of load switches,

“ltage and frequency. Since some time cycles are available in 3

del numbers, the use of the ALTERNATIVE ordering informa-

Qn may expedite delivery by allowing us to ship model in stock
ith requited time cycle,

motor; muliiply required time cycle in seconds by 2/3, the answer
will be the maximum number ‘of switches that can be operated
with= standard timing motor; EXAMPLE: Time cycle 15 seconds.
2/3 x 155==10. 10 switches can be operated at 15 seconds with a
standard timing motor, more than 10 load gwitches requires the
use of a high torque timing motor.

Price added for Hi-Torque motors:

2. Mulgi-swi.:ch cam n'm'ers requiring time cycles in shaded area may Serles | Motor Speed | 120/60 Hz
require high torque timing motor. This is due to increased torque MC-0 RC.J 1 RPS $45.00
encountered in rapid time cycles. To determine need of larger MC-1 RC 1 1/8 RPS 45.00
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SUPPLIES

INSTRUCTION SHEET
SPS/CPS SERIES

FEATURES

Voltage adjustment potentiometer
Foldback current limiting
115/230 Vac, 47-440 Hz input
0.1% line/load regulation

DESCRIPTION

The SPS and CPS Series are series regu-
lated, solid state power supplies designed to
provide closely regulated DC voltages in all
popular voltage and current levels. The out-
put is floating, hence any voltage may be plus
or minus or referenced to another voltage.

OPERATING PROCEDURE

For 115 Vac,47-440Hz connect input leads
to terminals 1l and 4 of transformer or input
terminal block, terminals 1 & 3 and 2& 4 will
be jumpered. (Factory connection)

For 230 Vac input, remove jumpers between
1 & 3 and 2 & 4. Then jumper terminals 2 and
3 together and connect 230 Vac to terminals 1
and 4. Suggest twisted AC input wires if elec-
trical noise reduction is prime concern.

Output terminals identified 1in figures
on back of this sheet are marked +and -. Load
should be connected to these terminalswithdue
care to proper wire size and solid electrical
connection for best results. Output voltages
may be adjusted with the potentiometers iden-
tified in the figures located on the back of
this sheet

SUGGESTED TEST PROCEDURE

Connect AC input power as outlined in op-
erating procedure. Place a variac between Vac
source and input to transformer. Place an AC
voltmeter across transformer input terminals 1
and 4. Set input voltage for nominal 115 Vac
with variac.

Place resistive load across output, check
Vdc output specifications., DC voltmeter should
be comnected directly across output terminals.
Greatest test errors are made at this point.

LINE REGULATION

With output adjusted to rated voltage,
reduce input Vac to 104 volts and record or
note output voltage. Then increase input Vac.
to 126 Vac and note output voltage. Total out-
put voltage change should not exceed .2% or +
1%,

Temperature compensated circuitry
0.1% ripple

Optional overvoltage protection
Optiona<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>