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Chapter 1. INTRODUCTION

: Purpose and Scopé

This Application Guide is designed to impart the basic
fundamentals and considerations to allow technicians
and other knowledgeable personnel to design indus-
trial control, telemetry, and information systems using
RFL's medular building blocks. Among the considera-
tions to be covered will be choice of modulation,
communication media, multiplexing, security, speed,
accuracy, dependability, size, and power sources. The
information given shouid be sufficient for the reader
to design most system types; however, it would be
advantageous 10 remember that RFL Electronics inc.
maintains a staff of system engineers that wilt check
your design and answer any questions you may have.
They can be reached by calling the main plant; the
telephone number is (201) 334-3100.

The scope of this Application Guide will include only
information required to design the control/telemetry
communication system. it will not include theory or
circuit information concerning the internal working of
the individual products {modules). These products wilt
- be treated like black boxes, with only the inputs and
outputs of interest. Further information on the in-
ternal theory of these products can be found in the
individual Instruction Data sheets,

information on maintenance, except for general con-
siderations as applicable to system design, will not be
considered in this Application Guide.

This Application Guide is intended to show that with
some imagination and intelligent application of fun-

damentals, many control/telemetry problems can be’
solved by using the broad scope of products described
here. . '

Elements of Remote Systems

In a general sense, there are only four elements of
remote control systems: control signals, status signals,
telemetry signals, and set point signals: (See Figure1.)

Control Signals are used o remotely actuate various
devices. There are two types. One is a momentary
signal, designed to operate controllers that will latch
up to keep the device actuated. With this type, two
signals are required: one to latch the controller, the
other to unlatch it. The othertype is non-momentary,
in which the signal is maintained in one position for
“ON” and in the other for “OFF".

Note that in either type, these signals have two
discrete states, Also, control signals are almost al-
ways sent from the master (manned) station to the
remote (Unmanned) station. '

Another concern in control is the security required;
that is, consideration of the problems created if a
control is actuated improperly. All communications

“are subject to adverse conditions, and these may

affect the transmission of signals. There is some de-
gree of security built into all controi methods dis-
cussed here, but some systems may require
ultra-secure communications because the conse-
quences of misoperation are so great. All degrees of
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Figure 1. Normal direction of sighal flow between Master and Remote stations
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security are possible with the products discussed later,
but there are trade-offs in many cases to the master.

Status Signals are used to report conditions as
they exist at a remote station. The condition may be
one that was changed by a control signal (in which
case, the status change is used as a verification), or
it may be some other condition that is not under
control.

Status signals have two discrete states (on/off;
open/close, etc). They are almost always sent from the
remote station to the master.

in the design of a system, it is important that status
signals be derived 5o as to be most meaningful to the
operator. For instance, status information on whether
a pump is running should be taken from a transducer
on the pressure side of the pump, and not from a
contro! signal used to start the pump.

Telemetry Signals are used to report gradually
changing measurements, generally from the remote
station to the master. The scale limits are usually
thought of as zero to 100-percent of scale, but the
parameters represented may be of any type {watts,
VARs, voltage, pressure, water flow, etc). What is
important is that the communication system transmits
the signals on a linear and stable basis. How well it
does this is described as accuracy. Unlike control or
status signals, telemetry signals gradually change be-
tween two limits, and some telemetry signals may
have negative values.

Set Point Signals are used to transmit scale percent-
age for control purposes. For example, it may be neces-
sary to control a valve to be 50-percent open,
25-percent open, or some other degree of open. Set
point signals are similar to telemetry signals, but are
sent from the master to the remote. This form of controf
is not used very often, but nc primer on con- .
trol/telemetry systems is complete without mentioning
1t.

it should be mentioned at this point that this Applica-
tion Guide only describes the communication system
for modulating, demodulating, and sending the re-
quired signals between stations. The actual control-
ling, controlied, telemetry, and transducer devices are
not within the scope of this manual. (See Figure 2)

Early Methods

Early methods of remote control used dc currents,
physical wire pairs, and hydraulics to perform the
functions of control and telemetry. Hydraulics severe-
ly limited the distances between stations, and was
almost always used on an intra-plant basis.

Dc signals on physical wire pairs were somewhat
better suited than hydraulics for information transfer
over distances, but were still severely {imited by the
resistance and capacitance of the cable. The resis-
tance caused voltage drops and the capacitance
tended to deteriorate and distort the dc pulses that
were used to convey the information. Voitages in
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Figure 2. Relationship between basic operating system and communication system
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excess of 250 Vdc and frequent and complex repeat-
ing were required to help overcome these problems.

In addition, most system operators did not have
rights-of-way to be able to operate off their proper-
ties. So many systems depended upon dc lines leased
from the local telephone companies to be used for
transmission. As demand for telephone service grew,
the telephone companies switched from physical
trunk lines {connections between central offices) to
carrier-derived trunks. Secause of this, dc lines be-
came unavailable over any but very short distances.
Also, use of a single pair for each function resulted in
very high lease charges for larger systems.

For these reasons, multiplexing (deriving more than
one signal over a circuit) and modulation {using a
carrier for the information transfer) were developed.
Multiplexing greatly reduced the number of circuits
required for a specific system. Modulation on a carrier
greatly reduced the deterioration over communica-

tion circuits. Modulation on audio carriers allowed

transmission over the carrier trunk circuits that the
telephone companies were switching to, and also
allowed easier repeating by audio repeating equip-
ment.

This is how the current methods of data transmission
have developed. The next chapter will describe these
advancements in detail.

Because RFL™ and Hubbell® have a policy of continuous product improvement,
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Chapter 2. FUNDAMENTALS

Multiplexing

Webster defines “multiplex” as "relating toa system -
of transmitting several messages simultaneously on

the same circuit or channel”. This is a good start for
a definition, but it should be extended to specify that
each signal should be individually identifiable at the
receiving terminals and be relatively free of notice-
able interference or distortion caused by other sig-
nals sharing the same link. An important advantage
of multiplexing is that the cost of a commu nication
link can be amortized over all the data signals that
are multiplexed over the link. -

There are two commonly used forms of multiplexing
in industrial communication systems: Frequency
Division Multiplexing and Time Division Multiplex-
ing.

Frequency Division Multiplexing {FDM) is the
division of a typical wideband communication fink
into smaller, narrower channels. For the purposes of
this Application Guide, it s generally the division of
a 300- to 3400-Hz voice channel into narrower
channels by means of filters. (See Figure 3.) The
fikers keep the individual channels from interfering
with one another. '

The bandwidth of these narrower channels deter-

mines the speed of the signal that can be sent over
them. The sub-multiplex channeis are offered in a
number of different bandwidihs, depending on the
application. The number of sub-multiplex channels

that can be derived from a wideband com-
munication link depends on the bandwidth of the
link and the widths of the sub-multiplex channels.
{See Figure 4.) As a practical maiter, the spacings of
sub-multiplex is twice the bandwidth to aliow the
filters to-provide sufficient rejection of the adjacent
channels. Alsa, the narrowest practical bandwidth is
50 Hz.

Time Division Multiplexing (TDM) separates each
input signal in time. Each input signal is sampled for
a short pericd; then the samples from all the signals
are arranged in sequence and transmitted. The
process is repeated continuously to update the in-
formation.

At the receiving terminal, the signals are
synchronously directed to their proper and respec-
tive designations, where a memory device for each
signal retains the information received, for display
or action, until updated by a subsequent scan. (See
Figure 5.}

TOM signals are dc pulse trains, and would be sub-
ject to deterioration. (See Chapter 1.) Because of
this, they are usually transmitted over an FOM chan-
nel. By using TOM on a number of FDM carriers, &
large amount of information can be carried simul-
taneously {(multiplexed) on a single voice-frequency
channel. The RFL 68P TX and 68P RX can be used for
this purpose. ' '-

#1 ¥4 43

SUB-MULTIPLEX CHANNELS

#4 #5 #6

WIDEBAND FREQUENCY SPECTRUM \

Figure 3, Diagram showing division of wideband frequency spactrum into narrower ¢hannels (frequecy division multiplex)
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Figure 5. Division of a time unit into sixteen smaller units to transmit two discrete state messages (time division multiplexy

Systems of Modulation

In frequency division muitiplexing, modulated car-
rier signals are used to transmit the information on
a communication link. When designing such.a sys-
tem, one of the first decisions is the choice of the
mode of modulation to be used. Because of this, it
is helpful to know the capabilities and limitations of
the types available. The choice often depends upon
the transmission medium used, the bit rate required,
the level of security against noise, distortion, and
otier sources of error in the transmission medium,
1the size of the system, and the amount of informa-
tion to be transmitted.

Amplitude Modulation (AM) data signals usually
modulate a carrier between ON and OFF, as shown
in Figure 6. This provides the optimum performance

for this type modulation. With AM, the link attenua-
tion (whichis sometimes sparadically variable), trans-
mission echoes, noise peaks, and crosstalk may
distort the receiver's output signal.

Although a properly adjusted AM channel can
operate creditably in most applications, it is sensitive
to level variations on the communication link. Since
this is a characteristic that is not always easy to
control, the AM channel may be subject to high
distortion.. Another.drawback peculiar to an AM
channel is that when the carrier is off, the channel
is not self-monitoring. . That is, without carrier
present, it is not possible to tell if the channel is
operating. To a great extent, the previous cost ad-
vantages of AM channels have been eliminated by
newer circuit technologies.

. - e
OHE ONE ONE
BT or T

- e -5~
OHE . OHE ONE
[ [C0) BIT

Figure 6. 'Amplitude modutation channel; succesive bits of ones and zeroes
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Despite the disadvantages, AM channels are used
- for signaling non-critical control functions and
telemetry. Here, intelligence is applied in the form
of a switch closure or a voltage input. The receiver
responds to the AM signal and creates an output
which may be a voltage, a current, or a relay contact
closure. The duration of the output is dictated en-
tirely by the duration of the input signal.

As compared to channels where a carrier is trans-
mitted continuously, AM channels can be used

economically in applications where more than one

transmitter must control a single receiver. Con-
tinuous carrier channels must use a receiver for each
transmitter and combine their outputs with an OR
circuit.

Frequency Modulation (FM) is more commonly
known in data transmission-as “frequency-shift
keying”, or “FSK”. FSK uses two discrete frequen-
cies within the passband of the channet for transmit-
ting the two stable binary states. (See Figure 7.} Full
carrier modulation is used during both states of the
fransmission, and this accounts for the general in-
sensitivity of FSK ‘to noise, inter-modulation, and

crosstalk. Because the carrier is always present, the

SIN ratio is constant over large changes in transmis-
sion media levels, and the receiver output signal is
relatively free of distortion over these conditions.
FSK modulation is sensitive to frequency distortion
‘(shift) that can occur in certain transmission media.
in modern communications systems, however, fre-
quency distortion in the transmission line-is not hard
to control, so this is not generaily a serious problem.

The idie (unkeyed) condition of an FSK transmitter is
generally referred to as SPACE (or low) frequency.
Application of an input signal causes the output
frequency to shift to MARK (or high) frequency. The

- state of an FSK receiver's output reflects the state of

the transmitter with which it is associated. The FSK
receiver has a discrete output circuit controlled by
the frequency of the input. Normally, for an idle
(unkeyed) state of the transmitter input, the receiver
output will be in an idle (or SPACE) state. Similarly,
the keyed input state of the transmitter would cause
a keyed (or MARK) output state of the receiver. For

‘special applications, however, the normal conditions

given above can be reversed by proper programming
of the channel.

Since carrier is normally present in an FSK channel,
a circuit that monitors the presence of carrier is
included in the receiver. The output.of this circuit
can be used for an alarm, since the absence of carrier
could indicate a failure of the transmission link or
the FSK transmitter. The carriér detector circuit can
also be used to force the receiver output into the
SPACE or MARK condition in case of carrier failure.
The choice is programmable and would depend
upon the system requirements. '

Three Frequency-Shift Keyed (3FSK) is a special
form of FSK. In 3FSK, the transmitter at an idle, or
unkeyed, condition is in center frequency. There are
two inputs; one would key the TX into MARK; the
otherwould key the TXinto SPACE.. This means that
this type of channel has three discrete states: MARK,

‘center, and SPACE. Since only one condition can -~

“MARK" AUDIO SIGHAL AT

~SPACE* AUIDKD SIGNAL AT

i AL n
VT 1 |
L{::: o = o —

Figure 7. Alternate ones and zeroes modulated onto a two-frequency FSK channel
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exist at a time, the three conditions must be mutually
exclusive. This channel is very well suited to control
signals (such as raise/off/lower), or status signals
(such as high/no/low alarm), where only one condi-
tion can logically occur at any cne time.

The 3FSK receiver has two output circuits: one for
the MARK output and one for the SPACE output.
-The Off condition results if ne|ther output is ener-
gized.

The RFL 9850 TX/RX is a programmable transmitter
and receiver built on a single module; it can also
operate as an AM, FSK, or 3FSK channel. It is par-
_ticularly well-suited for applications where there is
two-way communications between stations, such as

(in data transfer. Because of their programmabihty .

and versatility, only a single spare unit is requ:red for
a system

The RFL 68P TX and RFL 68F RX are a separate
transmitter and receiver that can be programmed by
the user to operate as AM, FSK, or 3FSK channels.
The units can also be programmed by the user to any
standard or non-standard channel frequency and
standard bandwidths within the unit frequency
range. With these units in a system, only one TX
module and one RX module are enough to spare all
the TX and RX modules in the system, regardless of
channel frequency or operating mode.

Thie RFL 9850 TX/RX is part of the 9800 Series, and
uses the RFL 98-CHAS as the basic chassis.- The RFL
"68P TX and RFL 68P RX are part of the 6000 Series,
and use the RFL 68 CHAS as the basic chassis. £ach
series has ifs own power supplies, and are not
mechanically compatible with each other.

TELEMETRY

A telemetry system converts a continuously varymg
analog measurement to a form suitable for transmis-
sion over a communication system without serious
degradation. At the receiving terminal, the received
data is converted back to the same or representative
value of the original data. This output can be used
1o operate an indicating instrument (such as a
meter), a recording device, or may be further con-
verted for entry into a computer. Systems for con-
verting the analog data to a form suitable for
transmission are further classified as analog or digi-
tal.

In analog telemetry, the transmitted signal is
proportional to the measured variable and can as-
sume an infinite number of values. As noted above,
it can be reconstructed once again in a form the
same as or representative of the original variable.

“In early analog 'telemé'try, the ratio between the

width of a pulse and the totai span time was used
to transmit a particuldr valué. This was called “pulse
duration telemeiry” and was characterized by slow
speed., It typically took between 5 and 15 seconds to

transmit & fuil-scale change. (See Flgure 8.)

Modern analog telemetry channels are of the fre-
quency type; that is, the value to be transmitted is
converted to-a proportional frequency that falls be-
tween two other frequencies that set the range

-timits (called “span”) of the channel. (See Figure 9.)

The 10- to 30-Hz band and the 5-to 25-Hz band are
two commonly-used frequency ranges. The lower
frequency is called “left scale”; the-higher frequency

:
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Figure 8, How pulse duration telemetry information is transmitted
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Figure 9. How analog frequency telemetry information is transmitted (using a 10- to 30-Hz frequency span)

is called “right scale.” The range between the two
can represent various telemetered values. The speed
of the frequency-type analog telemetry is typically
0.75 to 1.25 seconds for a full-scale change, which
is much faster than pulse duration.

in either type of analog telemetry, a multiplex tone
channel of the kind described above is required tc
transmit the signal over the communication link. Use
of the channel allows more than one telemetry value
to be transmitted over the same link. Both types also
reguire suitable transducers to convert the measured
values to electrical form on the transmitting end,
and’indicating devices at the receiving end. (See
Figure 10.) '

The RFL 98 TMX and RFL 98 TMR in the 9800 Series
are available for analog telemetry. The RFL 98 TMX
is a combination telemetry fransmitter and tone
transmitter; the 98 TMR is a combination telemetry
receiver and tone receiver. These units are complete-
ly programmable as to channel frequency,
bandwidth, input/output ranges, frequency span,
and other parameters, -

RFL 648 TMX/TMR and RFL 64A TMX/TMR modules
from the 6405 Series can also be used for analog
telemetry. The RFL 64B TMX (transmitter) and RFL 64B
TMR (receiver) use the 5- to 25-Hz frequency range
and are designed specifically for transmission of the
4-to 20-mA, 10-to 50-mA, and 1- 1o 5-V values used

COMMUNCATION
LINK
pRESsURE | - TRANSDUCER { . . AfF CONVERTER 10-30 12 ESK.
10093l 0 - 100 PSI TO 4-20 mA TG MURTIPLEX
4-20mA 10-30Hz _ﬂ_]‘L TRAMSMITTER
FSK ALDIO TONES VARYING AT
10 TO 30 HZ RATE
F5K FfA CONVERTER =
w-3062 { T | 0-50mA ° 100
MUITIPLEX - 30 Hz TO
RECEIVER I 0-50mA : .
METER
0+ 50 mA SCALE
CALBRATED AS
NOTE HOW VARIOUS RANGES BETWEEN COMPONENTS Q- 100 P8l
CAN STILL REPRESENT QRIGMIAL PRESSURE READINGS.

é
E
:

Figure 10. Typical analog telemetry system operating over telephén-e line
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in the process control industry. The RFL 64A TMX and
RFL 64 TMR are used primarily by the electric power
industry. The latter units are very versatile, and can be
supplied in most all value ranges. These units use 10
to 30 Hz as a standard frequency range, but can be
set up to match most other manufacturer’s ranges for
replacement purposes. The RFL 68P TX and RFL &8P
RX are suitable for use as the tone multiplex for the
RFL 6405 telemetry channels.

Series 6405 and 9800 analog telemetry systems both
offer calibration and signal loss circuits. A calibration
circuit allows an operator to send a signal measuring

10, 50, or 90 percent of scale from the transmitter -

1o test the accuracy of the channel at the receiver
output, or for adjustment purposes. The channel
must be taken out of service for this test. The signal

loss circuit monitors the sub-audio receiver input .

and can signal a failure if no input is-present..

In Digital Telemetry the analog input values are
converted 1o representative digital pulses by an
analog-to-digital (A/D) converter. These can be
either-binary {as in binary mathematics), or BCD
(where four pulses are used to represent each digit).
Binary coding is more efficient than BCD; it is used
in most appllcatlons uniess BCD is requ:red

Figure 11 shows a typ:cal digital telemetry system
in this system, the parallel pulses are converted to
serial by an encoder {time multiplex) for transmission
over a tone transmitter (frequency multiplex). Atthe
receiving end, a tone receiver, decoder, and digital-
to-analeg (D/A} converter are used to derive an
analog value representative of the input. Since the
data is received as a series of samgles, the D/A
converter must coniain -an update-and-hold circuit

50 a steady output is obtainable between samples,
Under gradually changing input conditions, the digi-
tat telemetry output is a step that changes as new
samples are received. The time between updates is-
dependent upon the scan speeds of the encoder and
decoder.

As an alternative, the decoder’s digital output can
be connected directly into a digital meter or a com-
puter without the conversion back into analog. This
is one instance where the BCD format would be -
preferred.

- If there are a number of telemetry signals-between

two stations, further economies can be effected by
sequencing these signals into the A/D converter, as-
signing a binary identifying code to each, and sending

it all to -the- receiving~end for decoding. (See

Figure 16.} Only one A/D converter is required in this
system, but a separate D/A converter with sample-
and-hold circuitry is required for each analog value.
The time to update each analog value now depends
net only on the encoder/decoder scan rate, but also
on the number of analog values to be sent.

The RFL 66A Time Multiplex system (when used with
the RFL 68P TX and RFL 68P RX) offers all the
modules required to perform the digital telemetry
descnbed above.

Basic Applications

At this point, it would be timely to review the basic
applications and how they apply to the equipment
described above. These basic applications are the
building blocks of the more extensive and compli-

100-CHM RESISTOR PARALLEL INPUTS
TO CONVERT 4 - 20 mA REPRESENTING SAMPLE COMMUNICATION
T0_0.4 - 2.0VOLTS 1K ﬁ
A/D COMVERTER : ENCODER _ K -
| 0.4-20vous E PARAILELTO | TPRSES | MumEx [/1
TO BINARY CODE SERIAL CONVERTER M TRANSMETTER
: -
PARALLEL
OUTPUTS
K : DECGUER VA CONVERTER
SERIAL —_— e - &-20 mA
MUITPEX [ “pipsps  |SERIAL TO PARALLEL "BINARY CODETO | ANALDG QUTPUT
RECENVER _rLI—L _ CONVERTER . £ 20 mA OUTPUT|

Figure 11. Typical digital telemetry system operating over telephone line
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Figure 12. Remote contro! (or retum indication) using a two-frequency {two state) FSK channel

cated systems that will be presented in Chapter 4.
It is good to remember that all methods and equip-

ment are really tpols. Each system dictates the best -

methods and equipment.to use by its configuration
and requirements.

Remote control and status are easily accomplished
using tone frequency division multiptexing {FSK) or
{ime division multiplex {TDM). Each offers tradeoffs
in cost, complexity, and performance.

Figure 12 shows an FSK tone channel used in a
simple control or status application. The input'con-
tact can be a switch or a voltage, depending on what
is available in the peripheral devices. With the switch
closed {or voltage applied), the transmitter
generates a MARK frequency, which is the center
frequency of the.channel plus one-half of the total
frequency shift used. With the switch open, the
‘output is at the SPACE frequency, defined as the

center frequency minus one-half of the total fre-

quency shift used.

The receiver responds with a voltagé output or-relay
contact closure for the MARK, and no voltage or .-

open contact for SPACE. A relay is an electro,
mechanical device and, therefore, has a limited life.
It does, however, make a simple and easily inter-
preted interface for troubleshooting purposes, In
addition, the isolation that a relay offers makes it
- easy to combine the different equipment.used in a
systemn. The RFL 68P RX, RFL 9850 RX, and RFL 9850

TX/RX are available with plug-on, fight-duty output'

relays.

For monitor or safeguard purposes, the carrier
detector output (CD) is available to.indicate a loss of
carrier, which means a failure has-occurred in the
communication link or the FSK transmitter. The CD
circuit is normally operated on a fail-safe basis. Thay,
is, under normal conditians, the circuit’s output is
high or its output refay is energized._ln this way, any
kind of failure {power supply, carrier, or. circuit) will
be indicated by a loss of output. voltage oF the
output relay dropping out.

Figure 13 demonstrates the appllcatlon of a 3FSK
channel for remote control or return status signal-
ing. With no input, the 3FSK transmitter normally
transmits a center frequency. A MARK switch
closure ("Raise” in the example} will transmit a
MARK; a SPACE switch closure ("Lower” in the
example) will transmit a- SPACE. The receiver
responds accordingly with either 2 no output, a
MARK output, or a SPACE output

The 3FSK application.is partlcu!arly useful for three-
state controls or indications, such as Raise/Off/Lower
controls or High/No/Low alarm status. The three
states must: be mutually exclusive, so they cannot E
key smultaneously o

The direct tone controlfstatus system described
above is fast-operating. Time delays through a nar-
rowband tone channel are usually between 25 and
30 ms, plus a relay-operate time of 10 to 15 ms.
Pirect tone control/status offers reasonable security,

"with fast and predictable operate times of less than 3

50 ms. It is simple to troubleshoot and understand,
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- Figure 13. Remote control {or retum indication) using a three-frequency (three state) FSK channel

and since separate channels are used for each func-
- tion, a channel failure will only affect that function.
Spares are minimized, since only a few module types
are used.

Figure 14 shows the use of a TDM chanrnial to trans-
mit control/status functions. Sixteen points is the
‘modular building block for an RFL 66A ENC/66A DEC
channel. £xpansion modules can be used to expand
the system in 16-point.increments {32, 48, etc). The
inputs and outputs can be-either voltages or con-

tacts. Contacts are shown in- the figures for -

simplicity. Separate modules containing eight relays
each are used-to add relay outputs to the decoder

r

An additional circuit is supplied on the decoder to
indicate a scan fail condition by a front panel LED

andfor a voltage output.

The use of_ scariners for control and status transmis-

- sion Is usually quite secure, because of the coding

and parity checks built into the system. In addition,
doublescan is an option reqwnng the reception by
‘the decoder of two successive scafis that are exactly
the same before.a.decoder registers.an output. This
offers a higher level of security for control purposes
than tone channel control, Scanner control/status is
_more economical when there are more than three or
fourin a system. The trade-off is transmission time;

——H " saine
-——LI ==
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i SERAL
i_al] conveRTER
—~ %]
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G6ADEC SCHMY 'E=——1 roemc
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|| s
PR PASALLEL cocmmy Sl .
RECEHVER v —— | romMc¢
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RELAY CAKD yo———— OUTPUTS
OUTRLA CEITPUTS T CARDS FOR
KOTE: EPTICHMAL POMNTS CAN BE ADDED IN
GROUPS OF SXTEEN IY LISING SUNTABLE
 EXPAMDER CARDS.

Figure 14, Remote control or status using time division multiplexing
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“Figure 15. Analog telemetry systetm -

with 60-baud doublescan, it takes 1.1 seconds to -

update 16 scanner points (0.57 seconds at single-
scan). If the status or control change occurs just after
sampling, the time to transmit it may approach two
scans. ‘A 32<point scanner would almost double
these figures. Of course, the update time could be
reduced by using a-faster scan rate; a 300-baud rate
would reduce the time by a factor of five to one.

Also, the scanner method uses a single channel for
all functions. Failure of this channel would cause
failure of ali functions. While not highly complicated
the TDM transmission is somewhat more difficult to
troubleshoot. The additional module types will also
require more spare modules. R -

Figure 15 shows remote telemetry using an RFL :648
analog telemetry channel. The RFL 64B TMX func-
~ tions as a voltage-to-frequency converter by chang-

ing the analog voltage input to a square wave, with -

frequency proportional to the input voltage. A fre-
quency range of 5 to-25 Hz is used to represent an
“analog change from zero to full scale. The square

wave is used to key an FSK transmitter to transmit .

the information to the master station. At the master,
an RFL 64B TMR functions as a frequency-to-voltage

{or current) converter and outputs voltages or cur- .

rents for driving indicators or recorders.

Several analog telemeters can be multiplexed on a
single communication link. They alt operate separate-
ly, and a failure of one will not affect the others. The
time of transmission is about 1:25 seconds, or less.
Troubleshooting is relatively simple, and spares are
minirmized. : :

Figure 11 showed the time division multiplexing of
a single analog function; Figure 16 shows the se-

A C .
_Data Transmission is the transmission of serial
puise streams using data terminals ahd/or.computers

quencing of a number of analogs over a single digital
telemetry system. Since each analog is sequenced
into the system on successive scans, the update time
is lengthened considerably, as shown in the table.
As in other time multiplex applications, there are

great economies in sending a number of analogs in

this manner. As before, however, there is a greater
amount of complexity involved, and more module
types to spare. = -

+

as end devices. Thetonechannels in this application

-are often called "data moderis™ and have standard -
‘interface designations” ‘and voltages, as shown

below. All RFL FDM channels have the capability of

- meeting these standards, and can supply the special

connectors that may be required. Listed below are
the pin numbers, designations, and descriptions of
these signals- as defined by EIA Specification

“RS-232C. These are always bipolar voltage inter-

faces. Figure 17 shows a data channel application.

PIN NO. DESIGNATION DESCRIPTION

1. AA Protective Ground
2 BA Transmitted Data
3 BB Received Data-
4 CA Request to Send
5 CB Clear to Send
7 AB Signal Ground
8" - CF. Carrier Detector _
9 D Data Terminal Ready
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Figure 16. Digital telemetry system with four analog inputs
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Figure 17, Two-way data transmission using RFL 9850 TX/RX transceivers
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Speech Pius is a special type of FDM, where a
speech channel is multiplexed with one or more
narrowband data channels. In speech-plus systems,
speech is confined in the communicationfink to only

a portion of the available spectrum. This is done by

using a low-pass filter with a cutoff at an upper
frequency limit chosen as an acceptable compromise
between intelligibility and the number-of data chan-
nels required. -~ - - : '

As shown in Figure 18, a low-pass filter is réquired"
at both the transmitting and receiving ends. At the
transmitting station, the low-pass filter removes the

out-of-band frequency components of the speech so
they cannot interfere with the data channels. The
low-pass filter at the receive station keeps the data
channel frequencies out of the speech.

- As a practical matter, 2000 or 2200 Hz as a speech

cut-off yields quite intelligible speech, with only
negligible deterioration compared to normal
telephone quality. Depending on the total spectrum
available, a number of data channels may be placed
above the speech. (See Figure 4.} These can be used
for all- the functions described above.

ATTENUATION WILL NOT BE SUFFICIENT.

" COMMUNICATION
LINK
 eBPF / 68 LPF
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Figdre 18. Speech-plus data system for transmitting speech and data simultaneously on a single line
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Chapter 3. COMM

‘Since remote control and telemetry systems involve
distances between stations, there is always a com-
munication link involved. The characteristics of this
link become a vital part of the system performance.
This chapter will discuss these characteristics and the
various means there are to meet them, '

General Characteristics

Narrowband audio tone channels are generally very
forgiving as to the link they must be transmitted over.
Because of the very narrow bands used in most
simpler systems (50 or 60 Hz), frequency response is
not very critical. In general, the channels can usually
operate satisfactorily with as much as a 3 or 4 dB8
differential across the sub-muitiplex channel
bandwidth. Because of this, some response ir-
regularities across the communication link passhand
are not normally a problem to very narrowband chan-
nels. However, as the channel bandwidths are
widened to support high-speed data rates, the
response variations become more important. Still, a
3-dB level variation across the channel bandwidth is
acceptable. -

Noise is another factor that is minimized by the nar-
rower channel bandwidths, since any noise on the
communication link represents a much smaller
amount of noise in the narrower bandwidth. Again,
as the bandwidth widens for higher-speed data trans-
mission, the noise can be a somewhat greater prob-
lem. An in-band 18-dB S/N ratio (peak signal to peak
noise) is sufficient to allow almost undeteriorated
transmission on a 2F FSK channel; a 24-dB S/N ratio is
required for similar performance from a 3FSK channel.

UNICATION LINK

in communication links that have significant lengths
of physical wire, the longitudinal balance of these
pairs is quite important. These pairs are always
twisted and balanced, so that any electric or mag-
netic interference in the two wires are generated
equal in value and in opposite phase, so they will
cancel out, The balancing keeps the impedance to
ground from each wire equal and helps in the can-
cellation. The line circuits of the multiplex units
described in this Application Guide are also balanced
so they can interface directly with these pairs. if it is
necessary to use unbalanced equipment on these
pairs, a balancing transformer must be used in be-
tween. - ' :

Provided the S/N ratio remains sufficient, circuit at-

‘tenuation is not a problem unless the signal goes

below the FSK receiver sensitivity. At -50 dBm, the
FSK receivers discussed in this Application Guide
offer the most margin of any available. Excessive
overall circuit attenuation variation of greater than
6 to 8 dB can be a problem to proper carrier detector
operation in indicating channel failure,

Leased Telephone Circuits

By far, the most common means of obtaining a
communication link between master and remote
stations is by a dedicated telephone line from the
loca! telephone company. As shown in Figure 19, a
telephone circuit consists of two loops: one from
each station to its nearest central office (C.0.) and
a trunk circuit between central offices. The loop is
most likely a physical twisted pair of wires, and is not
usually more than 2500 ohms (20 to 30 miles) long.

- LOOP TRUNK LOGP-=
END USER @ @ END USER
MASTER TELEPHONE REMOTE
STATION CENTRAL STATION
: OFFICES

Figure 19. Typical layout of telephone system circuit
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In the United States, ali loops over about three miles
are loaded. Loading consists of small inductors
placed at regular intervals into the pair of wires to
counteract the distributed capacity between the
wires of the pair. Loading tends to flatten the
response curve of the line, reduce the loss, and offer
a more consistent characteristic impedance over a
range of frequencies. The smaller the inductance,
the closer they are placed in the line, and the higher
the frequency response.of the circuit.

The trunk is the circuit between central offices, and
currently almost ali are on carrier circuits. A carrier
circuit is not a physical pair, but an audio circuit (no
dc path) that is derived by either frequency multiplex
or time multiplex from larger spectrums. Also, the
trunk may not be a single circuit; it may consist of a
series of interconnected carriers in order to get from
one C.Q. to the other, and may go through several
telephone companies’ facilities. Trunk carriers
facilities do not usually represent a problem as far as
operating characteristics are involved; their frequen-
cy response, stability, and noise are far better than
required for multiplex channel transmission. The
loops are usually the restrictive facility.

On a dedicated line, all the above are for the ex-
clusive use of customer at all times and are paid for

by .a monthly lease. These monthly fees can be
costly; the use of multiplexing can spread these costs
over a number of functions. The dedicated line is a
dry circuit; that is, there is no current or voltage
imposed on it by the telephone company. tightning
protection is normally supplied. Trunk carrier
facilities are four-wire circuits; that is, capable of
two direction transmission simultaneously. The
loops, however, can be supplied as two-wire or
four-wire circuits. {See Figure 20.) Two-wire circuits
are less expensive than four, since only a single pair
must be supplied, as opposed to two pair for the
four-wire. Two-wire circuits cannot pass voice in
both directions simultaneously, but narrowband
tones on different channel frequencies <an be
passed in both directions simultaneously. This
reduces the number of channels available for
information, which may be a problem in a larger
system.

Dedicated leased circuits are supplied by the local
telephone company (Telco), and questions will be
asked in the negotiations about what will be im-
posed on them and what the requirements are. The
Telco will usually try to meet the requirements; how-
ever, as a practical matter, the easier and more
standard the needs are, the lower the monthly rental
fee will be. '

co o
2-WIRE LOOP | 2-WIRE LOOP
TWISTED-WIRE Z CARRIER EQUIPMENT AN TWISTED-WIRE
PAIR /\ 7 PAIR
HYBRID —] —— HYBRID
LooP TRUNK ] Y LOOP——
(ALWAYS 4-WIRE)

TWISTED-WIRE TWISTED-WIRE
PAIR PAIR
4-WIRE LOOP co Z CARRIER EQUIPMENT 7 co 4-WIRE LOOP
TWISTED-WIRE TWISTED-WIRE
PATR PAIR

Figure 20. Difference between two-wire and four-wire circuits
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Most leased lines have a 300- to 2500-Hz frequency
response, The upper frequency will vary, depending
on the Telco involved and how well they maintain
their facilities. In assigning channel frequendies, it is
best to start between 1000 to 2000 Hz, where the
transmission is most secure. if more channels are
required than can fit in that range, further assign-
ments should be made starting alternately down from
1000 Hz, and up from 2000 Hz.

Higher-grade leased circuits are available for certain
applications, but these will be increasingly more
costly. The 3002 channel is a Telco tariff offering for
600- to 800-bps data applications. The 3002 chan-
nel is also available with C1, C2, and C4 condition-
ing, to allow transmission of 1200- to 1800-bps
data. Table 1 shows the tariff requirements for 3002,
C1, €2, and C4 equalized data channels. At these
higher data speeds, it is normal to assign the channel
frequency at 1700 Hz; in reference to performance
characteristics, this is the center of the leased circuit.
This gives the best chance for successful operation.

Dial-Up Telephone Network

Once the connection is established, the charac-
teristics of the dial-up telephone network are similar
to that of a leased dedicated line, and good mul-
tiplex channel performance can be maintained over
such a facility. The problem is that very few controf
and telemetry systems can tolerate the time to es-
tablish the connection, and the lack of monitoring
when it is not. For those systems that can tolerate
these problems, the cost savings in monthly fees can
be tremendous. Some additional investment in addi-
tional equipment for interfacing auto-answer and
auto-dialing may be required.

Narrowband tones and data up to 600 baud can
operate very successfully over the dial-up network.
Speeds higher than 600 baud may require loop
equalization to operate properly. Another problem
is that whenever the connection is made, the trunk
sectich of the circuit may be through different car-
riers, causing a variation in the overall charac-
teristics. This can cause erratic performance at
higher data speeds. The dial-up circuit is similar to
the two-wire dedicated line shown in Figure 20,
except that 48 volts is imposed on the loops to
activate a telephone, and additional equipment is
supplied at the central office to connect the loop
into the switch and network. Dial-up lines are always
two-wire.

Carrier Circuits

Carrier circuits are derived by frequency- or time-
multiplexing wider-band facilities, such as micro-
wave, powerline carriers, coaxial cable, and digital
fiber optic circuits. These derived channels are usu-
ally very good voice circuits, with frequency re-
sponses of 300 to 3400 Hz, and are ¢lose equivalents
to 3002 data lines with C4 conditioning. These
circuits are also four-wire,

The availability of these circuits to a system designer
depends on whether his or her company has in-
stalled any of these facilities. If available, the system
designer should make use of them. They should be
quite reliable and economical compared to leased
telephone circuits.

if the system audio interfaces are at or very close to
the carrier circuit ports, direct connections may be
made without concern for balancing. Often, how-
ever, there is a considerable distance between the
two; in this case, the interconnecting cable run
should be twisted pair and the interfaces balanced
to minimize the induced noise.

Fiber Optic Circuits

Communications on fiber optic cable are usually
accomplished by time multiplex carrier, using high-
speed digital pulses, because the medium lends itself
so well to that type of modulation. In small systems
with an available right-of-way and for short dis-
tances {15 miles or less), frequency multiplex chan-
nels can be amplitude-modulated onto fiber optic
cable. RFL Electronics Inc. manufactures equipment
capabte of this modulation and interface to the fiber.
The modules can mount in the same chassis and use
the same power supply as the multiplex and teleme-
try channels. Fiber circuits are always four-wire, so
two fibers are required for two-way communica-
tions.

The advantage of fiber optic transmission is its invui-

nerability to noise and other induced interference.

it also offers good security; it is not easy to tap into

a light fiber circuit without detection. This type of

communication link should certainly be considered
for very critical system requirements.

Because RFL™ and Hubbell® have a policy of continuous product improvement,
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Channel Frequency

Once the baud rate is determined, the number of
channels possible in the voice band is automatically
set. (see Figure 4 in Chapter 2.) The following infor-
mation should be considered when selecting the
channe! frequency:

1. For a single-channel system with the entire

voice band available, any channel frequency can
be selected. However, it is best to use channels
near the center of the available spectrum (be-
tween 780 Hz and 2100 Hz). This is done because
frequency roll-off and noise are usually minimal
at the center of the spectrum.

2. Several multiplexed channels with the same
baud rate can be located symmetrically around
the center of the spectrum.

3. If the system uses several multiplexed channels
with different baud rates, they should be ar-
ranged as follows:

a. Set the channel or channels with higher baud
rates symmetrically around the mid-band. fre-
quency. They may also be set somewhat higher.

b. With the bandwidth (BW), find the frequen-
cies equal to the center frequency plus and
minus 1.5 times BW. These frequencies are the
60 dB points for the high-speed channel. They
are the closest permissible for the high and low
signal frequencies (either MARK ‘or SPACE) of
the adjacent channels. (See Figure 21.)

Bleo-BAUD  240-BALD 50-BAUD
2} cuan 7 CHAN 3 CHAN 1A
o i H

& ng-.l — | — et

. i ,

< ~ wl -2

w T ! °

E =] 8; @&

= § 01l o

-

Sok

i

i
- 1/15BW ! 1.58W
1000 1200 1400 i600 1300 2000
FREAUENCY — Hz

. Figure 21. Frequency spacing for mixed high-speed and
low-speed channels

c. If a speech-plus data channel is being used,
the center. frequencies of the FSK channels
must be set above the 60-d8B cutoff point of the
low-pass speech filter. (See Figure 4 in Chapter
2.) Iif possible, it is best to use a 15-percent
guard band. (See the notes on Figure 18 in

Chapter 2 for more information.)

Because RFL™ and Hubbell® have a policy of continuous product improvement,
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Chanhel Loading

The use of several tone channels on a communica-
tion link reguires that individual channel levels be
adjusted so that their sum total on a peak basis does
not overload the active circuits that must carry them.
If the active circuits are overloaded, intermodulation
and harmonic products will be generated that wili
crosstalk into the tone channels (or even the voice
circuits) and interfere with their transmissions. The

individual channel levels must be set depending on
the number of channels and the maximum power
level the voice circuit can tolerate without overload.
Usually, these individual levels will be assigned by
the Telco engineers for a leased line, or by the
communication engineers in charge of a private
system. The system designer should understand
these principles. Table 2 gives the derating required,
according to the number of signals to be trans-
mitted. :

Table 2, Maximum signal levels per tone

Number of Tones Level {dB)
1 | 0
2 -3.0
3 -4.8
4 -6.0
5 -7.0
6 - -7.8
7 -8.5
8 -9.0
9 -9.5
10 -10.0 .
11 -10.4
12 -10.8
13 SNl
14 -11.5
15 -11.8
i6 -12.0
17 -12.3
18 -12.5
19 -12.8
20 - -13.0
21 -13.2
22 -13.4
23 -13.6
24 -13.8

NOTE: The values in this table are referenced to the communication channel's
maximum allowabie single-tone level.

Because RFL™ and Hubbell? have a policy of continuous product improvement,
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Chapter 4. TYPICAL APPLICATIONS

This chapter will deal with typical system arrange-
ments to meet particular requirements. Most of the
systems are based on actual soluticns to a particular
industry.s needs (using updated modules). The ex-
amples are meant to stimulate the system designer’s
imagination in solving his own problems and to show
the versatility of the RFL’s product line.

SYSTEM 1. (See Figure 22.) Shown is a control,
status, and telemetry system used for the remote
control of a local water supply authority. The re-
quirements are to turn two pumps on or off in-
dividually, with a return status indication. in
addition, two analog channels are required for trans-
mitting pressure and flow quantities.

RFL 9850 modules are used because the system fits
the equipment parameters so well; this resulis in a
very economical system. The pump controllers re-
quire only a momentary closure for action, and a 3F
channel is used for this purpose. The pump running
indication uses the return channel of the TX/RXs in
the 2F mode. RFL 98TMX and RFL 88TMR modules
are used for the 4- to 20-mA telemetry. The hybrid
transformers are used io isolate the transmitters

and receivers while decreasing crosstatk betweeen

channels.

SYSTEM 2. (See Figure 23.) This is a communication
system used 1o control gas pressure in a natural gas
distribution system. RFL 66A ENC, 66A DEC, 68P TX
and 68F RX modules form a TDM channel that trans-
mits manual and momentary raise and lower signals;
these signals control the motorized kick-cell valve.
TOM is used for greater security, and a 120-Hz
bandwidth is used to decrease the control signal
response time to 0.57 seconds. The operator waits
until the gas pressure stabilizes and then checks the
return telemetry indications to see if further adjust-
ment is required.

The return digital telemetry channels are used to
tefemeter two pressure signals and one flow
analog signal back to the controlling site. In addi-
tion, one required status indication is brought back
" over the telemetry system. Four address bits (for up
to sixteen analogs) are. normally allocated for ad-
dress purposes. Since the system requires only two
bits {for three analogs), one bit was “borrowed”
for the single indication. The update time of the
analogs is about 1.7 seconds with the channel
operating at 120 baud. Note that four line surge
protectors are required to fully protect a four-wire

installation. The extra power supply at the
regulator site is isolated from the equipment supp-
ly, and is used to drive the customer’s transducers.

SYSTEM 3. (See Figure 24.) This is a unique system,
used at one time by the U.S. Coast Guard to control
fog horns at an East Coast harbor. It is only men-
tioned here to show how some imagination can be
used to design a system that is economical to install
and operate.

The ¢omimunication link is overthe dial-up network;
the same master station can be used to control many
remotes, since they would have different telephone
numbers. The operator dials each remote station
manually, and turns the fog horn on or off as
desired. He then monitors the horn on/off status by
means of a remote microphone over the speech part
of the system. A 3F tone channel can be used for
control, but since the tone will be disconnected
when on-hook, a latching relay is required at the
remote to hold the control on or off as desired. The
access arrangements are required by the FCC to
protect the integrity of the telephone system.

SYSTEM 4. (See Figures 25 and 26.) These figures
show a rather large control, status, and telemetry
system used by a utility in a2 European country. A
remote station is shown in Figure 25; Figure 26 shows
the master station. The system consists of thirty-two
control points, eighty-eight status peints, and three
analog telemetry functions, using TDM and digital
telemetry for the transmission. While all the status
and telemetry could have been put on a single en-
coder/decoder system, three are used to reduce the
update times to a more tolerable level. Also, 240-baud
transmission speeds were used to further reduce the
update times. The telemetry update time is 2.43
seconds; the status update time is 0.81 seconds.

The RFL 68 LINE TERM-5 is an accessory module that
isolates the channel units from the line, and allows
level adjustment as a group with amplification. The
RFL 66 IN/OPI-10 module is another accessory
module used to adapt the -48-volt input signals to
+12 voits for use directly by the RFL 66A ENC, Note
that all the interfaces are solid state (no relays). This
is a desirable goal, but the system designer must
make sure that all solid-state interfaces are com-
patible. Also, the contact interfaces of relays and
switches can make a system easier to maintain and
troubleshoot. In high-speed data applications, volt-
age interfaces must be used, since relays cannot
follow the data accurately.

Because RFL™ and Hubbell® have a policy of continuous product improvement,
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Figure 22. Pump control and telemetry for watar supply authority
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SYSTEM 5. The system shown in Figure 27 is for
simplex transmission (one direction only). It is used
1o monitor an unmanned pumping station in a
sewerage facility. While this could have been ac-
complished more easily and economically with a
TDM system, the customer preferred the simplicity
of FDM. One other advantage is that a module
failure would not-cause the entire system to be

‘inoperative. It'is interesting to note the use of 3F -

' channels wherever nossible,

Other Design Cohsideration_s

Power Supplies. All modues described in this Ap-
~-plication Guide require positive and negative voi-

tages for operation; some also reguire +5 volts.

These sources are available from several different
power supplies. A power supply should be selected
with enough current capacity to handie the require-
ments of all circuit modules and external loads.
Current demands for all modules are shown in Chap-
ter 5.

All ac power supplies operate from 115 or 230 Vac,

48 to 63 Hz. For installations requiring uninterrup-

table service, equipment may be operated from bat-

teries that are constantly charged while ac power is

present. For this application, dc-dc converters

operating from 12, 24, 48, or 129 Vdc are available
> to power this equipment.

Packaging Considerations. RFL modules used for

fixed number of functions, controls, or channels.
" Because of this, the designer is free to establish
prec:sely the kind and size of system desired, provid-

the type and quantity of circuit modules necessary
10-create the system. This freedom extends also to
the mechanical aspects of the design.

The RFL 98 CHAS is the standard chassis for the 9800

-deep. This chassis also mounts in a-standard 19-inch

19800 Series vary {o allow maximum density in
chassns These: W|dths must be considered in the

these systems do not make it mandatory to use a

ing for growth only when needed, and to selectonly =

Series, and is based on a single-Euro chassis design.
ttis 5.25 inches high, 19 inches wide and 11.7 inches

The chassis utilizes /0 connectors located at the rear
of the chassis slot where the module is to be in-
stalled. All interconnections are made to the /O
connector. Power myst be wired from the supply to
the individual modules. Input power, telephone line
connections, analog inputsfoutputs and contacts are
left as customer connections.

Other chassis available in the RFL 9800 Series include
the RFL 98A CHAS, which is rack-mounted but only

1.75 inches high {for limited rack spaces), and the

self-contained, wall-mount RFL 98W CHAS chassis

The basic enclosure for 6000 Series modules is the
RFL 68 CHAS, shown on page 56. Individual circuit
board modules are- plugged. bookshelf-style into

- connecting sockets in the rear. The chassis, designed

to.mount .in. a standard 19-inch relay rack, is 5.25
inches high, 19 inches wide, and 12 inches deep. It
requires three rack units of a standard rack or
cabinet.

The chassis contains 32 half-inch mounting spaces.
Card guides and edge connectors can-be placed in
any slot to maximize the density of the package. The
interconnect wiring for these modules is done
through the edge connectors at the back plate of the

- chassis, and IO connections are made through bar-

rier-type terminal strips on the rear panel, When
designing the chassis layout, attention must be paid
to the widths of the modules which are in half-inch
increments. Module wadth information is found in
Chapter 5.

Generally, one power supply is used per chassis. [t is
usually mounted with its card set in the extreme left
slot as one faces the chassis.

Other 6000 Serles ChaSSIS include the RFL 68A CHAS,
which is rack-mounted but only 1.75 inches high (for
limited rack space), the RFL 68B CHAS, which has
sixteen half-inch mounting slots, and is only twelve
inches wide and the RFL 68W chassis which is a
small, wall-mount, self-enclosed unit providing
seven half-inch slots, Other spema!-purpose chassis
are also available.

- Accessories. Accessories such as interposing relays,

interconnection terminals, impedance-matching
transformers, transient and-surge ‘protectors, voit-
age-dropping resistors, and similar items are all
available an can be mounted on accessory mounting
brackets under or on the rear of these chassis. De-
tails are available from RFL Electronics Inc.
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Because RFL™ and Hubbell® have a policy of continuous product improvement,
we reserve the right to change designs and specifications without notice.



Chapter 5. EQUIPMENT SPECIFICATIONS

This chapter contains descriptions and. techi eal speqflcatlons for all the major
products discussed in..this Application. Guide. Information” on ‘other. accessory
modules caﬁbe cbtained dtrectly from RFL EIectremcs Inc |n Boonton New Jersey.

The specaffcatlons. ; thls chapter were appllcable as of the daie thls Application
Guide was pubhshed ‘Because RFL. products - uridergo. constant refinement and
improvement, all speCIficatlons are sub]ect to change without notice.

Because RFL™ and Hubbell® have a policy of continuous product improvement,

we reserve the right to change designs and specifications without notice.



RFL 9850 TX/RX
Programmable FSK Tone Transcelver

The-RFL 9850 TX/RX is a fully-programmable FSK tone
transceiver. Its transmitter and receiver sections func-
tion independently of each other; each can be
programmed to operate on any center frequency from
300 Hz to 3200 Hz, with frequency shifts up to 300 Hz
and at speeds up to 600 baud (2F operation only).

The RFL 9850 TX/RX uses Digital Signal Processing (DSP)
techniques to replace the discrete osciliators,
modulators, filters, and demodulators normally used in
FSK transceivers. Its operating characteristics can be
changed by using the hand-held RFL 8800 Programmer
to modify the software. This means its operating char-
acteristics cannot be modified by unautherized person-
nel. The RFL 9850 TX/RX can also be programmed to
operate as an FSK receiver/amplifier; this provides a
filtered carrier signal for measurement or use by signal-
to-noise (S/N} ration detection equipment.

SPECIFICATIONS
TRANSMITYER SECTION:

Input Keying: RS-232C, MIL-STD-188, TTL, CMOS, or dry contact.

Because RFL™ and Hubbell® have a po/gfﬁé

we reserve the right to change desi

Output Impedance: Strap-selectable, 6002 nominal or 60,000Q
minimum; isolated and balanced.

Clear-To-Send Delay: Programmable from 5 ms to 255 ms in 1-ms
increments.

Carrier Level: Adjustable from -40 dBm to G dBm in 0.25-d8 incre-
ments. Variaticn is less than 1.0 dB over full temperature range
and power supply variation.

Spectral Purity:
Harmonic Centent: 50 dB below carrier, at a carrier level of
-10 dBm.
Spurious Signals At Adjacent Channels: 40 dB below carrier.

RECEIVER SECTION:

input Impedance: Strap-selectable, 6002 nominal, 10,000€
nominal, or 60,0008 minimum; transformer-isolated
and balanced.

Input Sensitivity: -50 dBm to 0 dBrm. The analeg gain is automat-
ically adjusted, normally providing a dynamic range of about
26.dB {10 dB of signal “headroom” and -16 dB before the car-
rier detect signal is lost.

Adjacent Channel Response: Adjacent channei rejection to MARK
and SPACE is greater than 40 dB.

Frequency Stability: Actuai center frequency is within 0.02 percent
of soom-temperature center frequency over full temperature
range and power supply variation.

of continuous product improvement,
and specifications without notice.



er Detector;
Signal Times: ON time is progra mmable from 5 ms to 255 ms
in 1-ms increments. OFF time is fixed at about 10 ms.
Hysteresis: 2 dB to 3 dB typical.
Clamping:
2F Operation: Receiver squelch and carrier detect work
together to clamp receiver cutput to either MARK

or SPACE, as programmed.
3F Operation: Receiver squeich and carrier defect waork
together to clamp receiver output to the center fre-

quency.

-_"ternal squelch (2F Operatloﬁ Only): A logic high at the SPACE.
£ input can be usedto squelch {disable) the receiver section.output,

¥ if desired.

BARK, SPACE, and Carrier Detect Qutputs:

. Open-Collector NPN Transistors (standard): Rated for 150 mA
@ 30 Vdc. RS-232C outputs are also available.

Relays (optional):
Form: SPOT (Form C).
Contact Ratings: 2 amperes resistive @ 28 Vdc.
Maxicnum Switching Power: 60 watts resistive, 125 VA,
Maximum Switching Cusrent: 2 amperes.
Maximurn Switching Voltage: 250 Vac or 220 Vdc.

RFL 9850 TX/RX modules equipped with optional mercury-
wetted relays must be mounted vertically; they cannot be.in-
stafied in an RFL 98A 1U Flat-Pack Chassis. if the voltages being
switched by the relays exceed 110 volts, the relays must be
rotected by placing a bi-directional transient suppressor across
he load JEDEC Type 1N630GCA or equivalent}.

RAMMING CAPABILITIES:

smit and Receive Carrier Frequency: Adjustable in 1-Hz steps.

smit And Receive Bandwidth: Can be set to 50, 60, 85, 120,
240, 300, or 600 Hz.

ysmit Output Level: Adjustable from -40 dBm to 0 dBm in
0.25-08 steps.

sive Sensitivity Leve I: Automatically set to provide a dynamic
frange of about 26 dB (10dB of “headroom” and 16 dB to carrier
Edropout). Automatic setting can be manually overridden i

esired.

mit And Receive Mode Of Operation: Two-frequency (2F)
p to 600 baud, or three-frequency (3F) up to 120 baud. Ex-
smal squelch feature is only available when operating in 2F

ode.

o-5end Delay: Adjustable from 5 ms 1© 255 ms in 1-ms
crements.

Transmit And Receive MARK Polarity: Can be set to either high
or low frequency. Receiver can be set 10 damp high or low with

loss of carier.

Carriar Detect Delay: Adjustable from 5 ms to 255 ms in 1-ms

increments.
GENERAL:
Frequency Characteristics:
Freq. Band-
Baud Shift width
Rate {Hz) {Hz) Remarks
| 50 +25 50 Slow-speed conirol spacing
50/60/75 | +30 - 80 CCIT R.35 and control spacing
85/110 4425 85 43A1Western Eleciric Telegraph
100/920 [+60 120 340-Hz spacng (CCITT R.37)
“200/30C §+120 330 | ABO-Hz spacing (CCITT R.38A)
300 +150 360 600-Hz spacing
600 +300 600 1200-Hz spacing

Keying Modes:
Two-Frequency: Available at all bandwidths.
Three-Frequency: Available at all bandwidths up to 120 Hz.

Distortion; Less than 7 percent when operating within the stated
carrier frequency range, bandwidth, and baud zate limits.

vVisual Indicators: LED indicators on front panel for MARK IN, SPACE
IN, MARK OUT, SPACE OUT, and RS-232 signals RTS, CTS,

and CD,
Operating Temperature: -30°C to +70°C (-22°F to +158°F).

Relative Humidity: 95 percent maximum, non-condensing @ 40°C.

Input Power Requirements:
+5-Volt Supply: 200 ma typical; add 100 mA when using RFL
9800 DSP Programmer.
+15-Volt Supply:
with Relays: 80 mA typical.
without Relays: 40 mA typical.
-15-Volt Supply: 40 mA typical.

Dimensions: 25.4 mm wide x 128 mm high x 248 mm deep; oc-
cupies six horizontal units (6E} in 5 Single-Euro (3U) chassis.

Because RFL™ and Hubbe//~“ have a policy of continuous product improvement,
we reserve the right to change designs and specifications without notice. '



RFL 98 TMX Programmable Telemetry Transmitter

The RFL 98 TMX is a programmable telemetry transmit-
ting module, capable of cperating within wide input
and output parameter ranges. It uses Digital Signal
Processing (DSP) techniques to produce telemetry sig-
nals having greater stability than conventional anaiog
telemetry devices. The operating characteristics of the
RFL 98 TMX can be changed by using the RFL 98GO
Programmer/Calibrator, which plugs into & dedicated
connector on the front of the moduie.

RFL 98 TMX modules are designed for use in a RFL 9800
Saries chassis. Each module requires five horizontal
units (5E) of chassis space. Power and data connections
are made through an RFL 98 DATA /O 19-point /O
module, which is installed in the chassis directly behind
the module.

SPECIFICATIONS
INPUT:
Voltage Span: 100 mV {min} to 10.0V {max}.

Maximum Differential Voltage: 10.0 V.

Maximum Voltage: 10.0 V, from either differential input to com-
mon,

Impedance: Greater than 5.0 M, for both differential and common
mode.

Maximum Span Offset: Equal to voltage span.
Common-Mode Voltage Relection: 80 dB (min).

Accuracy (@ +25°C)k

For Voltage Spans Greater Than 250 mv: +0.05 percent of the
Left or Right Scale voltage, whichever absolute value is the
greatest.

For Voltage Spans Less Than 250 mV: +0.05 percent of the Left
or Right Scale voltage (whichever absolute value is the
greatest), +0.125 mV,

Effect Of Power Sunply Variations On Accuracy: 0.01 percent
maximum.

Drift: 0.003 percent/®C over operating temperature range. Six-
month drift for identical input value and identical temperature is-
0.01 percent maximum.

OQUTPUT:

Capacity: 0 dBm +1.0 dB terminated in 600<}.

Adjustment Range: -40 dBm to O dBm in 0.25-dB increments.

Variation is less than 1.0 dB over full temperature range
and power supply variation.

Because RFL™ and Hubbe//~“ have a policy of continuous product improvement,
we reserve the right to change designs and specifications without notice.



ctral Purity: S Frequency Characteristics:
Harmenic Content; 50 d8 below carrier, at a carrier level of -

-10dBm. .~ . Freq | Band-
Spurious Signals At Adjacent Channels: 40 dB below carrier. Baud shift width
Rate {HzZ) {Hz) | Remarks

nsmit Carrier Frequency Range: 300 Hz to 3200 Hz, adjustable

in 1-Hz increments. 50 +25 50 o 1. Slow-speed control spacing

50/60/75] +30 60 | CCHT R.35 and control spacing

dwidths: 50, 60, or 85 Hz.

o o . R 85 Fa425 85 A3A1Westemn Electric Telegraph
‘equency Stability: Actual center freguency is within 0.02 pen:en't L S
of room-temperature center frequency over full. temper ure .. .
and power supply \rarlation . oo

odulat:ng Frequency Range' 5 Hz m:mmum to 40 Hz maxzmum.-_, | GENERAE: R

.. - Enwironmental Reguirements:

Operating Temperature; -30°C to +70°C.

. Humadtty Up-to 95 percent non-condensing with all voltages
© . on.and atemperature of 40°C,

lodulating Frequency Span. 20 Hz mmlmum toBS Hz maxl

utput linpedance: 6009 nomlnal or greater than ;
]umper—selectable

ation: Provisions for callbratlng the RFL 98 TMX na[og input

are provided by the RFL 2300:D59 PragrammerlCalrb;ator Out---'_
put level checking is also provided-at. Left.
50 percent, 90 percent, and 100 perc

$15-Wolt Tnput: +14.25 10 +15.75 volts @ 20 mA.
-1 B-Volt Input -14 25Io =15.75 volts @ 20 mA.

v Dlmensions.
Width: 25.4 mm (1.0 |nch)
" Height: 128 mm (5.04 inches).
Depth 248 mm (9 76 |nches)

Because RFL™ and Hubbell® have a policy of continuous product improvement,
we reserve the right to change designs and specifications without notice.



RFL 98 TMR Programmable Telemetry Receiver

The RFL 98 TMR is a programmable telemetry receiving
module, capable of operating within wide input
and output parameter ranges. It uses Digital Signal
Processing (DSP) techniques to produce telemetry sig-
nals having greater stability than conventional analog
telemetry devices. The RFL 98 TMR's operating charac-
teristics can be changed by using the RFL 9800
Programmer/Calibrator, which plugs into a dedicated
connector on the front panel,

RFL 98 TMR modules are designed for use in any
RFL 9800 Series chassis. Each module requires five
horizontal units (SE) of chassis space. Power and data
connections are made through an RFL 98 DATA /O 19-
point IO module, which is installed in the chassis direct-
ly behind the module.

SPECIFICATIONS

Input Sensitivity: -50 dBm to 0 dBm. The receiver gain is automat-
ically adjusted, normally providing a dynamic range of about
26 dB (10 dB of signa} “headroom® and -16 dB before the signal
is lost).

Bandwidths: 50, 60, and 85 Hz.

Frequency Stability; Actual center frequency is within 0.02 percent
of room-temperature center frequency over full temperature
and power supply variation.

Recelve Carrier Frequencies: 300 to 3200 Hz, adjustable in 1-Hz
steps.

Input Modulating Frequencies: Selectable between 5 Hz to 40 Hz.
All specifications are obtainabie with a minimum input frequency
span of 20 Hz.

Response Speed: When an RFL 9840 TMX and an RFL 98 TMR
operate in a back-to-back configuration, response time is less
than one second to settle to within 5 percent of the correct value.

Accuracy (@ 25°C): +0.05 percent of fullscale value {50, 20,
or 5 mA).

S$tahility: Less than 0.003 percent of the full-scale value/°C over full
operating temperature range.

Six-Month Drift: Less than 0.01 percent of full-scale value over full
termnperature range.

Input Iimpedance: 600Q nominal, 10,000Q nominal or 60,0008
minimurm {jumper-selectable).

Because RFL™ and Hubbell® have a policy of continuous product improvement,
we reserve the right to change designs and specifications without notice.



uts;

of a 50-mA maximum span @ 10 voits maximum. Current
output is jumper-selectable at 5 mA, 20 mA, or 50 mA
full-scale. Provision is made for sinking a constant current
from an external voltage source of up to +24 Vdc.”
Auxiliary Output: Capable of driving a 5-mA maximum span
@ 5 volts maximum.

toss Of Slgnal Mode: DPDT relay cutput for loss of telemetry signal.

Relay contacts are rated for 1.0 A @ 28 Vdcor 0.5 A@ 115 Vag;
the contact sets are connected in parallel for increased capacity.

about 4 seconds.

Output Span: 1 mA to 50 mA.

output span,
Output Impedance: 10,0002 minimum f'orc'unent output.
put are provided by the RFL 9800 D5P ProgcarnmerlCal:brator

Qutput level checking is also provided at Left Scale, 10 percent,
50 percent, 90 percent, and 100 percent of the span.- .

Frequency Characteristics:

Primary: Capable of being blpolar Current output is capable'

|8 [s25 [

Upon foss of signal, analog output reverts to fulf feft scale, zero
volts, or the last valid signal level. Loss of signal detection occtirs. -
within 2 cydes of the lowest modulating frequency used. Return' -
to normal operation. upon detectaon of te!emelry 5|gnal 1akes '

aximum Output Offset (apphes to Left Scale reference) Equal to

libration: Provisions for calibrating the RFL 98 TMR’s aralog out-.

1Freq. Band-
Baud shift width
Rate {Hz) {Hz) Remarks
50 . +25 - | 50 Slow-speed control spacing

S0/60775 | £30 60 | CCIT R.35 and control spacing

43A1/Western Electric Telegraph

'Emimnmental Requirements: :

QOperating Temperature: -30°C to +70°C.
Hurnidity: up-to 95 percent non-condensing with all voltages
on and a temperature of 40°C.

Input Power Requirements.

S #5Volt nput: +4.75 10 +5.25 volts @ 120 mA

- +#15-Volt input: +14.25 1o +15.75 volts @ 35 mA.
~15-Volt Input: -34.25 10 -15.75 volts @ 35 mA.

Dimensions: 25.4 mm wide x 128 mm high x 248 mm deep.

Because RFL™ and Hubbell® have a policy of continuous product improvement,
we reserve the right to change designs and specifications without notice.



RFL 9820 DLPF Dual Low-Pass Filter

The RFL 9820 DLPF Dual Low-Pass Filter is designed for
use with the RFL 9850 TX/RX Programmable FSK Tone
Transceiver. it operates in a speech-plus mode to limit
speech to the lower portion of the normal telephone
votce-frequency spectrum; this allows tone signals to be
transmitted and received in the upper portion of the
frequency spectrum.

The RFL 9820 DLPF contains two low-pass filters, which
permit bi-directional speech transmission. Since speech
quality is related to the frequency spectrum used, the
module is available in six-standard cutoff frequencies,
ranging from 1800 Hz to 3000 Hz. :

The RFL 9820 DLPF also contains a high-pass filter,
which will limit the speech energy entering the receiver
section of the RFL 9850 TX/RX module. In speech-plus
systems, the peak speech level is normally at-a slightly
higher level than the average tone level, By removing
most of the speech energy, the high-pass filter enables
the tone receiver 10 operate with a higher sensitivity
(input gain). This eliminates the danger of overioading

the receiver front end, arid improves the signal-to-noise

ratio and dynamic range of the tone system, The high-
pass filter cutoff frequency is programmable, and is
normally selected to be slightly below the low-pass

cutoff frequency to provide maximum utilization of the
telephone frequency spectrum.

SPECIFICATIONS
LOW-PASS FILTER:

Standard Cutoff Frequencies: 1800, 2000, 2200, 2400, 2700,
and 3000 Hz.

Maximum Passhand Ripplé: 0.5 dB (from 300 Hz to 98 percent of
cutoff frequency).

Maximum Loss at Cutoff: 1.5 d8.
Minimum Stopband Attenuation: 60 dB.
Stopband Edge!Passband Edge Ratio: Less than 1.05.

input/Output Impedances:
Line Side: 600Q or more than 60,000R; determined by jumper
setings.
tquipment Side:
Input Impedance:
Four-Wire; Greater than 60,000Q.
- Two-Wire: 600Q to 900Q nominal.
Qutput impedance (four-wire): 600 to 900Q.

Because RFL™ and Hubbell® have a policy of continuous product improvement,
we reserve the right to change designs and specifications without notice.



imum Signal Levels: . .. .. .yt s ., Passhand’Gain at 3000 Hz: +0.5 dB.
nput: +7 dBii{either difection). - S
Quiput: 0-dBm either direction). -~ 7. T U GENERAL:

um Galn: 30 dB, either direction; separamccntrols on front ot
Panel for transmit and receive gain, L _

Envlronmental Reqdrements.

. Qperating Fempemture: -30°C o +70°C (-22°C to +158°C).

Hurmdrty ‘Up 10 95 percent non-condensin ‘?F with aII voltages
on and a temperature of +40°C-(+ 0a%),

put"-Power Requir \
*¥5-Volt inpuit:
- +15:Volt Input: -
"""-1_‘5‘-\(0?:1.’ tnput:.

5\"011’3@ OmA
‘o +1 75~voﬁs@£0 rnA.

n h ',Fi',_.and 248 mm deep; oc-
ngle-Euro (3U) chassis,

Because RFL™ and Hubbell® have a policy of continuous product improvement,
we reserve the right to change designs and specifications without notice.



Power Supply Modules For 9800 Series Equipment
RFL 9110 **PS (10-Watt)
RFL 9125 **pPS (25-Watt)
RFL 9150 **PS (50-Watt)

Three different power supply modules are available for
use with RFL 9800 Series equipment: the RFL 9110
**pS, which supplies 10 watts of ocutput power for
installations with only a few modules; the RFL 9125
**PS, with 25 watts of output power for medium-size
installations; and the RFL 9150 **PS, which can provide
50 watts of output power for larger installations. They
can be installed vertically in RFL 98 CHAS 3U Single-
Euro or RFL 98W CHAS Wall-Mount Chassis; in addi-
tion, RFL 9110 **PS modules can be installed
horizontally in the RFL 98A CHAS 1U Flat-Pack Chassis.

Each power supply module provides three regulated
outputs: +53, +15, and -15 volts, Switching regulators
are used for high efficiency. All outputs have overvol-
tage protection and short circuit protection; in addition,
the entire power supply will shut down if the ambient
temperature exceeds a pre-established limit.

RFL 9110 **PS, 9125 **PS, and 9150 **PS power
supply modules are available in a wide range of ac
and dc input voltages to suit virtually all applications.
The following table summarizes the differences be-
tween the varicus models.

Because RFL™ and Hubbell® have a policy of continuous product improvement,

. Assembly | Input Qutput
Model Number Number Voltage Range | Power
RFL 9110 24DCPS 103140-1 19 to 29 Vdc 10w
RFL 9110 48DCPS | 10314C-2 | 38 to 58 Vdc ow
RFL 9110 125DCPS | 103140-3 | 103 to 150 Vdc now
RFL 9110 110ACPS | 103145-1 10810 132 Vac 10w
RFL 9110 220ACPS | 103145-2 | 216 to 264 Vag 0w
RFL 9125 24DCPS | 101970-1 19.21028.8Vdc| 25W
RFL 9125 48DCPS | 101970-2 | 384te57.6Vdc| 25W
RFL 9125 125DCPS | 101970-3 100 to 150 Vdc 25W
RFL 9125 250DCPS | 101970-4 200 to 300 Vdc 25 W
RFL 9125 110ACPS | 101975-1 | 99 to 121 Vac 25W
RFL 8125 220ACPS | 101975-2 | 198 1o 242 Vac 5w
RFL 9150 24DCPS | 1019801 18.21t028.8Vdc| 50W
RFL 3150 48DCPS 1015880-2 384t057.6vVdc| SOW
RFL 9150 125DCPS | 101980-3 | 100 to 150 Vdc Sow
RFL 9150 250DCPS | 101880-4 | 20010 300Vde | 50W
RFL 9130 T10ACPS | 101985-1 | 9910 121 Vac 50w
RFL 9150 220ACPS { 101985-2 | 198 to 242 Vac Sow

we reserve the right to change designs and specifications without notice.




SPECIFICATIONS

JRFL 9110 ++PS SUPPLIES:

input Voltage: Dependent upon model. {See table.)

; Output Voltages And Currents:

+5-Volt Qutput: +4.75 to +5.25 volts @ 1.2 A.
+15-Voit Output: +14.25 to +15.75 volts @ 0.5 A.
-15-Volt Qutput: -14.25t0-15.75 volis @ 0.2 A

Output Ripple {any output): Less than 100 mVp-p, below 10 MHz.
Minimum Loading ‘Requirement: 10 percent,

‘Overtemperature Protection: Shutdown will occur between
. +90°C and +100°C (+194°F and +212°F).

"Undenroltage Protection: Supply will not be damaged by input
. - voltages below the minimum specified; the supply may or may
not operate.

Overvoltage Protection: Supply will shut down if the S-volt output
rises to 6.25 volts, or if either 15-volt output rises to 18.75 volis.

®Overload Protection: Supply may shut down if load currents exceed
E 125 percent of the stated maximum rating for all three outputs.

Input—To-Output Isolation:

3 Ac-input Stpplies: 1500 Vrms for one minute.

De-input Supplies: 2500 Vde for one minute; SWC capabilities

; as noted in ANSIIEEE C.37-50-198X.

EEnvironmental Requirements:

3 Temperature: -30°C to +70°C (-22°F to +158°F),

Relative Humidity: 90 percent (non-condensing), at tem-
peratures up to +43°C (+1099F).

Dlmensmns‘ 5.1 inches x 1.4 inches x 9.75 inches {130 mm x
E:  38.1 mm x 248 mm); occupies one dedicated module space in a
1U fiat-pack chassis, or six horizontal positions (6E) in a single-
Euro chassis. .

JRFL 9125 **PS AND REL 9150 **PS SUPPLIES:
Enput Voltage: Dependent upon model. {See table.}

joutput Voltages And Currents:

- RFL 9125 **PS Suppties;
+5-Volt Supply; +4.75 to +5.25 volts @ 3A
+15-Volt Supply: +14.25 t0 +15.75 volts @ 1.2 A
-15-Volt Supply: -14.25 10 -15.75 voits @ 0.5 A

RFL 9150 **PS Supplies:
+5-Volt Supply: +4.7510 +5.25 volis @ 6 A
+15-Volt Supply: +14.25t0 +15.75 volts @ 1.5 A
-15-Volt Supply: -14.25 to ~15.75 volts @ 1.5 A

Total Output Power:
RFL 9125 **PS Supplies: 25 watts maximum,
RFL 9150 **PS Supplies: 50 watts maximum.

M:inimum Loading Requirement: 5 percent.
Efficiency: Greater than 65 bercent at full load.

Output Ripple:
5-Volt Supply: 0.1 Vp-p maximum.
15-Volt Supplies: 0.4 Vp-p maximum.

Temperature Protection:
Input Converter; Shutdown will occur between +90°C
and +105°C {+194°F and +221°F).
Output Converter: Shutdown will occur between +100°C
~and +110°C {(+212°F and +230°F)

Undervoltage Protection: Supply will not be damaged by input
voltages below the minimum specified; the supply may or may
not operate.

Overvaltage Protection: Supply will shut down if the 5-volt output
rises to +7 volts, or if either 15-volt output rises to 20 volts. To
restart, the main power switch must be manually cycled.

Overioad Protection:
+5-Voit Supply: 11 amperes maximum.
+15-Volt Supply: 9 amperes maximum.
-15-Volt Supply: 6 amperes maximum.

Al three supplies will shut down if load currents exceed the
above limits. To restart, main power switch must be manually
cycled. When used with some Dowty products, automatic restart
may occur,

tsclation: Circuit common is isolated from chassis ground by at least
2500 vdc.

- Surge Withstand Capability: Meets the requirements of ANSIIEEE

C37.90.1.198X.

Environmental Requiremenw
Temperature:

Operating: -30°C to +70°C {-22°F to +158°F),

Storage: -40°C to +70°C {-40°F to +158°F).

Susvival: -40°C to +70°C {(~40°F to +158°F); supply may not
meet spedifications, but it must not suffer damage
while operating over this range.

Refative Hurnidity: 95 percent maximum (non-condensin g) for
up to 96 hours at temperatures up to +56°C {+133°F)
Altitude: 10,000 feet (3050 meters).

Dimensions: 5.1 inches x.2.8 inches x 8.8 inches {130 mm x 71 mm
x 225 mm}; occupies twelve horizontal positions {(12E) in a single-
Euro chassis.

Because RFL™ and Hubbell® have a policy of continuous product improvement,
we reserve the right to change designs and specifications without notice.



Chassis For RFL 9800 Serles Equipment

several chassis are available for housing RFL 9200 Series
equipment. The circuit board maodules are inserted into
the chassis from the front, and secured in place by
quarter-tumn fasteners on the front panels. 110 moclules
with mating connectors for each circuit board module
are mounted at the rear of the chassis, and all inter-
connect wiring between modules and external equip-
ment are made using terminal blocks and conneciors on
the 0 modules.

The following illustrations provide mounting dimen-
sions for the standard RFL 9800 Series chassis. |f neces-
sary, special chassis can be provided on special orger,

11.7 0 /"1
l(,,,/ {29.7¢m)

18.311in
t46.5 o}

{483 o)
\ 15in
£3.8 o)

!

.25 in
{13.3 cm)

RFL 58 CHAS 3U Rack-Maount Chassis

Because RFL™ and Hubbell® have a policy of continuous product improvement,
we reserve the right to change designs and specifications without notice.




11.7%in
{29.8cm}

183170 paman L i : 1.751n
{465 cmy) (4.4 cm)

g5 984 CHAS 14 Flat-Pack Chassls

L mamas s e e LalLat

CHAS Wall-Maunt Chassis

Because RFL™ and Hubbell® have a policy of continuous product improvement,
we reserve the right to change designs and specifications without notice.



RFL 68P TX Programmable FSK Tone Transmitter

The RFL 68P TX is a fully-programmalile FSK tone trans-
mitter. It ¢an be programmed 1o operate on any stan-
dard center frequency from 300 Hz to 3200 Hz, with
frequency shifts up to 300 Hz and at speeds up to
00 baud {2F operation only). The RFL B8P TX uses
Digital Signal Processing {D5P} techniques to replace the
discrete oscillators, modulators, and filters normally
used in FSK transmitiers.

The RFL 68P TX's operating characteristics can be
changed by using the hand-held RFL 8800 Programmer
to modify the software. This means its aperating ¢har-
acteristics cannot be modified by unauthorized person-
nal.

SPECIFICATIONS

Input Keying: R3-232C, MIL-5TD-188, TTL, CMOS, diy contact,
o optically-isolated,

Transmit Carrier Frequency: Adjustabla in 1-Hz steps; can be set 1o
any frequency swhare the high and low shift frequencies will both
be between 300 Hz and 3200 Hz,

-
=&
5N
Rx
. |
=
=
=
|
L

Transmit Bandwlidth: Can be sof to 50, 60, &5, 120, 240, 300,
oT B00 Hz.

Transmit Output Level: Adjustable from -40 dBm te 0 dBm in
0.25-dB steps. Variation is less than 1.0 dE over full temperature
range and pewwer supply vanation.

Fraquency Stability: Yyithin 0.02 percent of center frequency at
+70°F {+2170%,

Freguency Characteristics:

Freq. Band-
Baud Shift width
Rate {Rz) (Hz} | Remarks
50 +25 50 Slow-speed control spacing
SOMB0MF5 | +30 &0 CLITT R-35 and control spacing
85110 | +42.5 | &5 43A1/\Western El2ctric Telegraph
100120 | +60 120 240-Hz spacing (CCITT R.38
2007300 | +120 240 [ 480-Hz spacing (CCITT R.384]
260 +150 300 | 600-Hz spacing
600 +30 £00 1200-Hz spacing

Because RFL™ and Hubbell® have a policy of continuous product improvement,
we reserve the right to change designs and specifications without notice.



minimur, isolated’and balanced.
ctrat Purity:
-10 dBm.
Spurious Signals At Ad;acent Channels. 40 dB. below carrier. -
carrier frequency range, pandwidth, _anc_!i-_baﬁd _ra_tg_..'li_mit_s.

ing Modes:
Two-Frequency (2F): Avallab[e at alt bandwidths, at speeds up
to 600 baud.

at speeds up to 120 baud.

mcrem ents.

quency.

'put Impedance: Strap-selectable, 6062 nominal or 60,000Q .
‘Hanmonic Content: 50 dB below carrier, at a carrier Ievel of

' ortion; Less than 7 percent when ope_ratlng within the stated L

Three-Frequency (3F): Avallab!eat_allbandmdthsupto 120 Hz o
Petear-To-Send Delay: Programmable from 5 ms to 255 ins in 1-ms N

fansmit MARK Potarity: Can be set to enher hlgh or Eow ire- o

Visual Indicators: LED indicators on front panel for MARK IN, SPACE
IN, and RS-232 signals RTS and CTS.

Environmental Reguirements:
Operating Temperature: -30°C to +70°C (-22°F to +158°F).
Relatlveogéxmadity 9§ percent maxnmum. non-condensing
@ .4

Input Powér Requirerhents.
~ With internal +5-Volt Supply Connection:
+12-Volt Supply: 200 mA typical; add 100 mA when using
RA 9800 DSP Programmer/Calibrator.
" =12-Volt Supply: 25 mA typical.
With Bxternal +5-Volt Supply:
+5-Volt Supply: 225 mA typical; add 100 mA when using
" RFL 9800 DSP Programmer/Calibrator.
+12-Volt Supply: 4¢ mA typical.
-1 2-VOPt Supply: 25 mA typical.

Dimensions. 4 713 inches high x 8.00 inches long x 0.75 inches
widé {120 mm x 203 mm x 19 mm), excluding module handle;
occupves two modu!e slots in chassis.

Because RFL™ and Hubbell® have a policy of continuous product improvement,
we reserve the right to change designs and specifications without notice.



RFL 68P RX Programmable FSK Tone Receiver

The RFL 88F RX is a fully-programmable FSK tone
receiver. lt can be programmed to operate on any
standard center frequency from 300 Hz to 3204 Hz,
with frequency shifts up to 300 Hz and at speeds up o
600 baud {2F operation only). The RFL 68P RX uses Digi-
tal Signal Processing (DSP} techniques to replace the
discrete filters and demodulators normally used in FSK
receivers.

The RFL G&F RX's operating characteristics can be
changed by using the hand-held RFE 9800 Programmer
te modity the software. This means its operating char-
acteristics canrot be modified by unauthorized person-
nal.

SPECIFICATIONS

Receiva Carrier Fregquency: Adjustabla in 1-Hz steps; can be set 10
any frequency whene the high and low shift frequencies will ath
be hetween 300 Hz and 3200 HE,

Recaive Bandwidth: Can be 3ot to 50, &0, 85, 120, 240, 300,
or 600 Hz,

Recelve Mode Of Operation:
Two-frequency (2F): Up to 600 baud.
Thrae-frequency (31 Up 10 120 baud,

Input !mpedance: Strag-selectable, 0G0 raminal, 10,0008
nominal, or 50,0000 minimuarm; transfarmer-isolated
and balanced.

Input Sensitivity: -50 diim to 0 dBm, The receivar gain is autamat-
ically adjusied, normally providing 2 dynamic range of about
26 dB {10 dB of signal “headroom™ and -16 4B before the car-
rier detect signal 5 lost). Automatic setting <an be raanually
overmidden if desired.

Distortion: Less than 7 percent and-ta-and, whan operating within
the stated carrier frequency range, bandwidth, and baud rate
Tirnits.

Adjacent Channel Respanse: Adjatent dhannel egjection to MARK
and SPACE is grearer than 44 dB.

Frequency Characteristics:
Freq. Banel-
Baud sShift width
Rate (Hz) (HZ) Retnarks
50 +25 50 | Slowspeed control spacing
SO/ETS | +30 BO CCITT ®35 and gentrof spacing

s8I0 {1425 85 d3A1Mestern Eleceric Telegrapin

T0GNZ0 | £60 120
TO0/300 |£120 | 240

Z40-Hz spadng (CCITT R.37})
AB0-Hz spacing {CCITT R38A)

300 +150 300 600-Hz spaang

1200-Hz spacing

£00 +300 (i)

Because RFL™ and Hubbe//~“__ha ve a policy of cont/'r}uous product improvement,
we reserve the right-to change designs and specifications without notice.



uency Stability: Actesl center frequency is within 0.02 percent
ange and power supply variation,

Indicators: LED indicators on fromt paneﬂ for- MARK U,
SFACE QUT, and Cu{Carrrer Detect} .

ecaiver can be-set to clamp high ot In-'.l.l'\'-flth loss of Cander,

arrier Detactor: h

Signal Timas: ON t;me i% prugrammab!e from 5 ms 1o 255 ms
in 1-ms incremerits. OFF time s fixed st shout 10 ms,

Hysterasis: 2 dB 1o 3 dE typical. .

Ganping:

or SPACE, as programmed.
3F Operation:. Recelver squelch and carrier detect work
together 1o cLarnp racawe-r outpui te the CETter fre-

’ quendy.
Dalay: Adjustable fmm 5 ms @ 255 ms.iny 1-ms mcrements
'RK, SPACE, and Carriet Dete:t Guq:uts

& 30 Wi RS-2320 ou:puts are afso available.

Relays (optional): ;

Farm: . 4

Cry Contact: DPDT (dual Furm .

Mercury-¥eited (MARK and SPACE outputs onhr}.
SPOT {Form <.

of roorn-temperatiire center frequency-over full- termperature -

ve MARK Polarity: Can be set to either high. orlow frequenq,r '

?F Operation: Ra:ewer squelch “and carrier detect wk -
tagether . clamp receivér outpit’ ta either MARK

Open-Collector NPN Transistors {standard)s Rated for_ 150 ma

Contact Ratings: 2 amperas resistive & 25 Ve,

- Maximum Switching Power; 50 watls resistive, 125 VA
Maximum Switching Cumrent 2 amperes,

Maximum Switching Voltage: 250 Vac or 220 e,

Environmental Requirentents:

| ‘Operating Temperatura: -30°C to +70°C (21°F to +158%F.
Helatwe ‘Humidity: 95 pen:em maxicnum, nen-cardensing
: @40“(: .

Input Fuwer Hﬁquirements. -
With Internal «5-Volt Suppljr Connection:
+12-vok Supply: 200 ma typical; add 100 ma when using
RFL 3800 D5F ProgrammenCalibrator. :
12wkt Supply: 25 mAtypmal
:-.l'lul'ith External +5-Yolt Supply:
#5-%elt Supply: 225 mA typjcal add 100 mA when using
RFL 92300 D5P ProgrammerfCalibratar.
_+12-volk Supply 40 ma typical.
- -12 ok, Supply: 25 mAtjlplcal -

_DlmEﬂSII:II'IS. 4.713 inches high x 2.00 inches Icrng x 0.75 indhes

wide (120 mm 'y 203 -mm %18 mm}, axcluding module handle;
. Pecupies tvo ragdlbe slots i chassis, .

Because RFL™ and Hubbell® have a policy of continuous product improvement,
we reserve the right to change designs and specifications without notice.



RFL 64B TMX Analog Telemetry Transmitter

The RFL 648 TMX Analog Telemetry Transmitter is used
1o cohvert the voltage or current generated by an
analog transducer into a variable-frequency audic tone,
The audio tone is usually used to key an FS tone trans-
mitter {(such as the RFL 68B FSTX), for multiplexing with
other signals on a communications network, Current
inputs are converted 1o 3@ voltage with a resistor, so they
may e used as an input to the transmitter.

Test points are provided along the front edge of the RFL
548 TMX for maintenance and adjustment. An optional
calibrator ¢an be added so the RFL 64B TMX can be
keyed precisely to the 10, 50, or 90-percent points of
its range.

RFL F40R THMX
Crdering Infarmation

Applleatian

Tolometry Modube

=standard Input (4 - 20,
10 = 50 ma, o)

*5tandard, Buk becisding
AT

B3 TR L]

B8 Thid~] L} »

Skandurd dnpart but
Inecliading Towe
Trarsmitter

e Tai- - -

Standard Input, tul
Enchuding Calksraior
vl Ty Tranpmatgr

E4H TWME-3 * L -

"MOTE: Spschy ingart range 4 - 20, 10— 30 ma, 1 - 4 Voit, 2]

SPECIFICATIONS

Input Signak: 0.4 to 2.0 volts, This signal may be developed across
an extarnal shunt resistor when curment soyroes are used,

Input Impadance: 5 M9 minimum; 10 M typical
Output Signal: Square wave; 5 to 20 Hz, 12 Vp-p.

Accuracy: +0.15 percent of full span at +20°C (+68°F), when used
back-to-back with RFL 548 TMER,

+0.5 percent of fult span from -3°C 1o +47%C (+27°F ta +117°F),
wien used back-to-back with RAL 848 TMR.

+1.0percent of full span from -30°C to +20°C (-22°F to +1 58°F),
when used back-to-back with RFL 548 TMA.

Settling Tima: 1.5 seconds to 90 percent of full span, when
operated back-to-back with RFL S4B TMX

F5 Transmitter (optional):

Centsr Fraquency: 300 tq 3500 Hz.

tandwidth: 120-Hz spacings standard; other spacings available
an special order.

Frequency Tolerance And Drift: +0.25 percent over the
specified temperature range. :

Output Level: Adjustable fram -40 dBm t& -3 dBm.

Harmonic Content: At least 50 dB below fundamental.

Output Impedance: &000 nominal within the band, with a
rising mpedance out of band. The tawe-section output filter
15 balonced.

Operating Temperature; =30°C 1 +70°C {-22°F to +158%F).

Input Power Requirements: +12 volts @ 10 ma; add an additional
10 mA when eguipped with the opticnal FS transmitter.

rimensions: 4,713 inches high x 2.00 inches bong x 0.75 inches
wide {120 rmen x 203 i x 19 mm), excuding modubke handle:
creupies bwo module slots in chassis, If equipped wath the
cptional tene transmitter, three modyle spaces ate required.

Because RFL™ and Hubbell® have a policy of continuous product improvement,
we reserve the right to change designs and specifications without notice.



L 648 TMR is the complement for the
TMX Analog Telemetry Transmitter; it converts
able-freguency audio tones it receives back into
or currents. The audio tone is usually supplied
pltiplexing FS tone receiver, (such as the RFL 688
n optional signal-loss circuit is alsc availabie.

SPECIFICATIONS

gency: 5 to 25 Hz squarewave, +6 volts minimum, refer-
0 Common.

frent: 4 to 20 mA standard, adjustable up to 10 to 50 mA
um. A ratio of 5:1 for maximum 1o minimum current must

RFL 64B TNMR Analog Telemetry Receiver

Accuracy: +0.15 percent of full span at +20°C (+68°F), when used
back-to-back with RFL 648 TMX.

+0.5 percent of full span from -3°C to +47°C (+27°F to +117°F),
when used back-to-back with RFL 648 TMX,

+1.0 percent of full span from -30°C to +70°C (-22°F to +158°F),
when used back-to-back with RFL 648 TMX.

Speed Of Response: 1.5 seconds to within 10 percent of full span,
when measured back-to-back with RFL 648 TMX.

Operating Temperature: -30°C to +70°C (-22°F to +158%F).

Input Power Requirements: +12 volts @ 35 mA; add an additional
35 mA when equipped with optional Signal Failure Alarm,

Dimensions: 4.713 inches high x 8.00 inches long x 6.75 inches
wide (120 mm x 203 mm x 19 mm), excluding module handle;
occupies two module slots in chassis.

RFL 64E TMR
Ordering Information

Telemetry Module

Application

648 TMA »

*Current Qutput

548 TMR-1 e

. *Current Output with
Signal-Loss Circuit

*NOTE: Specify output voltage or curent range required, such as 4 - 20 mA, 10 - 50 ma, ¥ - § Volis, etc,

Because RFL™ and Hubbell® have a policy of continuous product improvement,
we reserve the right to change designs and specifications without notice.



REL 66A ENC Encoder Controller
And RFL 66A ENC EXP Encoder Expander

The RFL 66A ENC Encoder Controller develops a serial
data code, representing the status of its sixteen data
input points, This code can be used to key an FS tone
transmitter (such as the RFL 688 FSTX), for multiplexing
with other signals on a communications network. Atthe
recelving end, the code is reconverted into sixteen
points by an RFL 66A DEC Decoder Controller.

REL 664 ENC EXP Encoder Expander boards can be used
to increase the number of inputs, in groups of 16 (16,
32, 48, etc).

SPECIFICATIONS

Number Of Input Data Bits: Sixteen standard; can be expanded in
groups of 16 {up to a maximum of 64 double scan or 144 singles-
can bits) by adding RFL 66A ENC EXP Encoder Expanders.

Output Circuits: Open-collector or contact closure 1o common {or
ground) is standard; ciosure to Y+ is alse available,

Data Rate: 60 baud standard; rates from 35 to 1600 baud can be
provided by jumper settings or component changes.

Code: Each message word begins with a header, and contains wo
parity bits and sixteen data bits. Doublescan is standard; singles-
can is optional.

Security: Multiple parity and deublescan are standard; doubiescan
can be omitted by changing a jumper.

scan Time {at 60 baud):
Doublescan: 1.1 seconds (66 bits),
Singlescan: 0.57 second (34 bits).

Output: The output circuits produce CMOS-compatible, 12-volt
pulses, suitable for keying an FSK receiver, or other compatible
line interfacing unit. They can also be used with the optional
metailic-line driver.

LED indicator: One; flashes to show that the encoder is active.

FS Transmitter {(optional):

Center Frequency: 300 to 3500 Hz.

Bandwidth: 120-Hz spacings standard; other spacings available
on special order.

Frequency Tolerance And Drift: +0.25 percent over the
specified temperature range.

Output Level: Adjustable from -40 dBm to -3 dBm.

Harmanic Content: At least 50 dB below fundamental.

Qutput Impedance: BOOQ nominal within the band, with a
rising impedance out of band. The two-section output filter
is balanced,

Change-Of-State Detector: Provides for detection of input
poimt changes of state. input signal changes occurring
within 4 ms of each other will not be detected as a change
of state.

Metallic Line Driver {opticonal):
Maximum Usable Rate: 600 baud.
Maximum Total Loop Resistance: 400Q.

Operating Temperature: -30°C to +70°C {-22°F to +1 58°F).

Input Power Requirements: +11 to +13 volts @ 30 mA, with all
inputs connected to cominon. Add 10 mA when equipped with
the optional FS transmitter; the optional metallic line driver
requires an additional 10 mA. ’

Dimensions: 4.713 inches high x 8.00 inches long x 0.75 inches
wide {120 mm x 203 mm x 18 mm), excluding module handle;
occupies two module slots in chassis. If egquipped with the
optional FS transmitter or the metallic line driver, three module
spaces are required.

Because RFL™ and Hubbe//~“ have a policy of continuous product improvement,
we reserve the right to change designs and specifications without notice.



s RFL 66A DEC Decoder Controller accepts the serial
a ¢nde produced by an RFL 664 ENC Encoder Con-
..‘ oller, and develops a parallel-data output correspond-

SPECIFICATIONS

utz The input circuits are CMOS-compatible, and they will
Pespond to output signals from an F5K receiver, They can also be
520 with the optional metallic-line receiver.

Bata Rate: 50 baud standard; rates from 35 3 1600 baud <an be
revicled Dy Jurnper sattings or component changes.

ez Each message word begins with a header, and containg two
*parlty bits and sixteen data bits. Doublescan is singlescan is

n. groups of 16 (up to a maximuem of &4 douklestan
o 144 sinplescan bits) by adding RFL 86A DEC EXP-1 Decoder

RFL 66A DEC Decoder Controller
And RFL 66A DEC EXP Decoder Expandey

Output Tircuits: Open-collecior cinputs to common will sink 2
maximum of 120 mA, and will withstand 50 Vdc simuftanecusly
at 3l outputs, Optional cutput relay rnountings are available,
and opticnal pullup resistors can be included.

Security: Faniy and doubfescan are standard; singlescan ks optional.
Asupervisory lamp and an open-collactor dosure to cormmon wilk
indicate a scan failure, As an option, the sutputs can be set to
g0 1o the non-condusting state if a scan Taluee oocurs.

LED Indicators: Two: one for data relsase, and one for scan faﬂur_&.

Fower Turn-On: During power wm-cn, ootputs are set 1o the
non-congduciing stae,

Metallic Line Recelver {optional)
btavirmurn Lsable Rate: 600 baud,
haximum Total Line Resictance: 4008,

Operating Temparature: -20°C to 4+ 70°C {-227F 10 +158°F),

Input Power Requirements: +11 to +13 volts @ 30 ma, with all
outputs open. Add 10 mA when equipped with the optional
metallic line receiver.

Dimenslons: 4,712 inches high x 5.00 inches long x 0.75 inches
wide (120 mm x 203 mm x 19 mm), excleding module handle:
occupies two modula slots in chassis.

Because RFL™ and Hubbell® have a policy of continuous product improvement,
we reserve the right to change designs and specifications without notice.



RFL 68 AF DUAL AMP-1 Audio Amplifier

The RFL 68 AF DUAL AMP-1 Dual Audic Amplifier
Module contains two fully-independent audio
amplifiers. Each amplifier is divided into two parts: an
input amplifier equipped with an input isolation trans-
former, and an output amplifier equipped with an out-
put isolation transformer. Each amplifier is equipped
with a gain control. Many different application require-
ments and operating levels are possible by positioning
jumpers on the circuit board and arranging the external
connections.

The RFL 68 AF DUAL AMP-1 can be used as a general-
purpose amplifier and combiner for audio signals. A "T*
pad can also be added to the output of each amplifier,
with its attenuation set to fit the needs-of the applica-
tion. :

SPECIFICATIONS

Input And Cutput impedance: 600Q, balanced or unbalanced,
with or without transformers. Return loss s greater than 20 dB
from 300 Hz to 400 Hz,

Frequency Response {with transformers): Within 0.5 dB of 1000-
Hz reference from 300 to 4000 Hz.

Gain: Continucusly adidstable from -30 dB 1o +30 dB, using jumpers
to set the range of a muiti-turn potentiometer,

Maximum Qutput Level: +10 dBm, with an input supply voltage of
+12 volts. Output must be derated if supply voltage falls below
+12 volts.

Total Harmonic Distortion:
200 Hz To 500 Hz: Less than 1.5 percent @ +10 dBm.
500 Hz To 4000 Hz: Less than 0.2 percent @ +10 dBm.

Output Noise: Less than -65 dB from 200 Hz to 400C Hz.

Crosstalk; Coupling between amplifiers is less than 70 dB from
300 Hz o 400 Hz. - :

Operating Temperature: -30°C to +70°C (-22°F to +158°F).

input Power Reguirements:
+12-Volt Supply: +11 10 +15 volts @ 60 mA.
-12-Volt Supply: -11 10 -15 volts @ 60 mA.
Required Supply Regulation: 5 percent minimum.

Dimensions; 4.713 inches high x 8.00 inches long x 1.5 inches wide
{120 mm x 203 mm x 38 mm), excluding module handle; oc-
cupies three module slots in chassis.
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Power Supplies For 6000 Series Equipment

eral different power supply modules are available for provide bipolar 12-volt regulated outputs, except for

with Series 6000 equipment. Ac supplies are avail- the RFL 68B PS AC, which provides a single +12-volt

for operation from 115 or 230 Vac lines, at 50 regulated output, with an additional +24-volt regulated
0 Hz; de-dc converter supplies can operate from 24, output optional. Most supplies also provide unregulated
or 129-volt de sources. outputs, and 10-kHz outputs that are used to drive

isolation ciurcuits on some RFL circuit board modules.
-following table summarized the different Series
0 power supplies that are avaifable. All supplies

Nominal Maximum Regulated Module External
input Power Output Overvoltage Spaces Regulator
Voltage Consumption Current mA (1] Protection Required Required? (2)
L 68 HPS 24DC-1 24 Vdc (% 24 watts 1000 Standard 3 Yes
BE{ 68 HPS 480C-1 38 Vdc ) 24 watts 1000 Standard 3 Yes
68 HPS 129DC-1 129 Vdc () 24 watts 1000 Standard 3 Yes
-68 PS AC-1 () 115/230 Vac | 15 watls 250 Standard 3 - No
68A HPS AC-1 . i 115 Vac 65 watts 1000 Standard . 5 Yes
B8A HPS AC-3 230 Vac 85 watts 1000 Standard 5 Yes
:688 PS5 AC (4 115/230 Vac | 14 A{115 V) (5} Not available 4 No
: W8 A(230VY
BB PS AC-2 115 Vac 1/4 A {6) Not available 4 No

less otherwise specified, this is the output current fram each of two independent 12-volt sutput circuits,

RFL 68 REG External Regulator is a separate unit from the power supply, but it is always required {except when ordering spare
iplacement madules), .

imum allowatile ripple is 1.5 Vems,

i supply ©s 1o be adjusted fcir_ 115 or 230 Vac, 50 proper fuse ¢an be suppied.

supply provides a single +12-volt, SﬁﬂmA regulated cutput,

;u_pply provides a +12-volt, 500-mA regulated cutput, and a +24-volt, 50-mA regulated output.

Because RFL™ and Hubbell® have a policy of continuous produc_t impro vement,
we reserve the right to change designs and specifications without notice.



RFL 68 EXT Universal Card Extender

The RFL 68 EXT Universal Card Extender ¢an he used 1o
gain access to the sides of 6000 Series circuit board
Todules while they are connected to the power supply

and the other circuit board medules in a chassis, Use of

the BEL 68 CXT simplifies adjustment, maintenance,
and troubleshaoting.

A storage box fastened 1o the side of the RFL 68 EXT by
two phastic rivets contains all the adapters iliustrated
above. These adapters match the extender with an
indexing key in any of the 22 possible positions. i
nacessary, the storage box can he removed by pushing
the center pins out of the rivets.

RFL 66A TEST EXT Test Extendey

The REL 66A TEST EXT Test Exiender is a diagnastic tool
for use with the RFL 66A ENC Encoder Caontroller, En-
coder Expander, RFL 68A ENC RFL 664 DEC Decoder
Controller and the RFL 66A DEC Decoder Expander.
Means are provided to force input data while in the
fORCE DATA mode with an encoder, and monitor
decoder outputs while in the GEM U5E mode. Any data
terminal can be isolated from the rear-panel edge con-
nector.

Because RFL™ and Hubbe//~“ have a policy of continuous product improvement,
we reserve the right to change designs and specifications without notice.



Chassis For 6000 Series Equipment

The following table describes the standard 6000 Series
chassis, the illustrations on-the next two pages provide
mounting dimensions. if necessary, special chassis can
- be provided on special order,

I chassis are available for housing 6000 Series
ment. The circuit board modules are inserted into.
assis from the front. Mating connectors for the
les are mounted toward the rear of the chassis,
iscreie wiring is used to make connections be-
“the mating connectors and the terminal blocks
s rear panel of the chassis, which are used to make

¢tions to external equipment.

RFL 68M CHAS,
cter- RFL 68 CHAS RFL 68A CHAS RFL 688 CHAS RFL 68W CHAS ~ | RFL 685 CHAS
_uie Spaces 32 3 18 ) 1
ch Rack Mounting? | Yes Yes I No No
i Tkt Bracket P/N 48470 No P/N 48470 Self-Contained Wall Or Panel
y Wiring Available? | Yes | Yes - Yes @ @
Mount Option? Yes N..o Yes No No
ximum Number Of | 14 3 7 - 5 1
Terminal Blocks o
germal Power Supply RFL'68 HPS DC-1.or RFL 68 PS5 DC-1 or RFL 68 HP$ DC-1 of RFL&8B PS AC or | Included
RFL 68A HPSAC-1 | RFL68 PS AC-1 RFL 68A HPS AC-1 | RFL 68B PS AC-2
5.25in (13.3 cm) . . _1...7__.5_;_in\(4._'4"__'c ). -|525in(13.3cm) | 7.5Cin (19.1cm) [ 3.60in (9.1 cm)
19in (48'.3.cn::1} 19in@83em  |10.25in 26.0 cm) 1151 (29.2 em) | 4.98in (12.7 cm)
120inG05cm . | 120in(G0Scm  [12.0in(305cm) | 5.38in (13.7cm) | 9.70in (23.4 cm)

RFL 688 PS AC-2 ).

Because RFL™ and Hubbell® have a policy of continuous product improvement,
we reserve the right to change designs and specifications without notice.

_. e RFL 68W CHAS can house 4 one-inch-wide circuit cards, plus a powef_ supply modute. It can be wired at the factory to accept two
ransmitters (RFL 68B FS TX or RFL 64B TMX), two receivers (RFL 688 FS RX or RFL 64B TMR), and the power supply (RFL 68B PS AC or

he RFL 68M CHAS chassis is wired at the factory to accept one RFL 66A ENC- 4 module. The RFL 685 CHAS chassis is strapped
it the factory to either accept one RFL 688 FS TX transmitter, or one RFL 68B FS RX receiver.
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RFL 68 CHAS 3U Rack-Mount Chassis

CUSTOMERS MOUNTING SURFACE

RFL 63 CHAS with tilt bracket
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RFL §8W CHAS Wall-Meunt Chassis

RFL 588 CHAS Single-Madule Chassis (RFL B2M CHAS is
similar in appearance)
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analog-to-digital conversion.

Fess .

A sequence of bits, o character, or a group of charac-
ters that identifies a function, a natwork statian, user,
or application.

plltur.le Mudutaﬂon (AM].

Transmission mathod in which variations in the voltage
or current of a carrier signal determine encoded infer-
rmation.

nang
" Continuaushy-variable as opposed to discretely-vari-
able.

Enuation
Ageneral term used to denote 3 decrease in magnituda
from one point 1o anather,

The difference between the highést and lowest fre-
-uengies of a transmission channel, expressed in Hz.

d.
measurement of the signaling speed of adata trans-
‘mission device,

ary
igital system with two states (1 and 0), in contrast
with octal, decimal, a2nd hexadedmal.

, binary digit; the representation of a signal, wave, or
_5tate as either a binary one or zere.

Rate
The number of bits {binary digits) transmitted in a given
time |ntenral {usually a second).

- digital systern that uses binary codes to reprasent
Ecienal dinits.

rrier
A ¢ontinuous frequency capable of being modulated
or impressed with & second data-carrying signal,

ntral Office (CO})

The building where commaon carriers terminate cus-
torner circuits, and where the switching equipmant
that interconnects those circuits is located.

reuit impedance
A nomiral impedance for transmission testing pur-
poses for which a civquit is designed,

mmon Carrier

A private data communications wutility company or a
government ¢iganization that furnishes communica-
tions services to the general public and that is usteally
f- regqulated by state, local, or federal agencies,

GLOSSARY OF TERMS

Canditioning
The “tuning* o addition of equinment to ifm prove the
transmission chatacteristics ar quality of 3 voice-grade
line 5o that it can be used for data transmission.

Crasstalk
Urwanted transference of electrical energy from one
transmission meditem or channe] to another (usually
adjacent} medium or channel.

Data Access Arrangement (DAA) :
Device or circuitry that is required 1o allow attachiment
of privately owned data terminal equipment ({OTE) and
ormmrication equipment to the telaphone network.,

dB, Decibel
Comparative (agarithmic) meastre of signal power,
+10 dB represents a gain of 10:1; -3 JB represents a
50 percent loss of power.

dEm
. Absolute measure of signal power where 0 dBm 1s
_ equal to one milliwatt,

Dedicated Line
A nonswitched channel; also called a “private line "

Digital :

Discretely variable, as opposed to continuously vari-
able, Data characters are coded in discrete, separate
pruses or signal evels,

Distortion
Urwanted changes in signal or signal shape that occur
during transmission between two points.

Frequency Divisior Multiplexing (FDM)
Technigue for sharing a transmizsion charmnel, whepsin
carrier signals of different frequencies are transmitied
simultaneously. .

Frequency Modulation (FM) '
dMethod of encading a carrier wave by Var'_..rlng the
frequenﬁy of the transmitted signal.

FSK
Frequency-shift keying; modulation technigue
whereby two different tanes represent either the <"
of the 71" state of binary information.

Full Bupliex (FOX)
Cperation of a data communication line where trans-
missions are possible in both directions at the same
tirne between devices at each end.

Haif Duplex (HDX)
Dperational mode of & communications line whereby
fransmission oCours In both directions but only in one
direction at a time, Transmission directions may be
?Ilternate!y switched 0 accommodate two-way data
i,
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Hertz {Hz)
A measure of frequency or bandwidth egual 10 one
cycle per second.

Interface Co _
4 shared houndary defined by common physical inter-
connection characteristics, signal characteristics, and
maanings of interchanged signals.

Leased Line -
A telephone fine reserved for the exclusive use of a
leasing custormer, without interchange switching ar-
rangemenis. o

Linearity '
The property of a transmission medium ar of an iem
of equipment that allows it to carry signals witha
introducing distartion. :

Link
Communications circuit or transmissidn path connect-
ing twa points, '

Loading _
Adding inductance to a transmission fine to minimize
amplitude distortion; generally accomplished with
loading <ails. .

MARK
In data communications, represents a binary “1°.

Muitiplexing -
The division of 2 composite signal among several chan-
nels. - :

MNpise )
Random electrical signals, generated by Cirduit com-
ponents or by natural disturhancas, that corrupt the
data by introduding errars. " _
OFf-Hook o : L
i1 telephony, condition indicating the active state of a
subscribers telephone circvit; a line that signals 3
central office that 2 user réguires sarvice; oppasite of
on-hook. '

On-Hook ’ :
Deactivatad condition of a subscriber's telephong G-
cuit, in which the telsphone ar circuit is nat in-use;

. opposite of off-hook.

Optical Fiber
Dne of the glass sirands, each of which is an inde-
pendent circutt, in a fiber optic calde,

Repaater
A device used to extend transmission rmngesfdistances
by restaring signals to their original size or shape.

Signal-to-Moise (5/N) Ratlo
Relationship of the magnitude of a transmission signal
to the naise of its channel; measurement of signal
strength compared to emar-inducing: noise; given in
decibels. .

sSimplex Transmissian
Transmission in only one directian.

SPALCE
. In data communications, represents a binary “0".

Teica .
An Americanism; short for telephone company.

Telemetry _
Transmission of coded analog datz foften real-time
parareters) from a remote site.

Time-Division Multiplexing (TDM)
Interleaving digital data from many signals onte one or
two ‘serial communication links by dividing ¢hannel
capacity into time slices, '

Transceiver . _
Generic tarm describing a devize that can both tratsmit
and recaive. :

Trunk
A dedicated aggregate telephone drcuit conngcting
two switching centers, central offices, or data con-
centratian devices. )

Twisted Pair - _ .
A& pair of insulated copper conductors that are twisted
around each other, mainly to cancel the effects of
glectrical noise. Typical of standard telephone winng;
unshieided twisted pair contains no outside
wraparound conducton.

White Noise
The noise energy which is. unifarmly distributed over
the frequency band. It is used in the evaluation of
systemns on a theoretical basis,
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